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Abstract

The objective of this study is to identify the raw milk cheese-borne pathogens that threaten
the United States (US) and to find ways to reduce and limit these pathogens at all stages of the
process.
An overview of cheese related food borne diseases recorded in the US included eleven
etiologic agents: Brucella spp., Campylobacter spp., Coxiella burnetii, E. Coli spp., Listeria
monocytogenes, Mycobacterium tuberculosis, Salmonella serovars, Shigella spp., Staphylococcus
aureus, Streptococcus spp and Yersinia. These pathogens come from literature reporting human
disease incidences associated with the consumption of raw milk and raw milk cheese.
Milk and milk product-borne outbreaks represent 1.5% to 2.2% of the bacterial food-borne
outbreaks reported by the Center of Disease Control and Prevention. Of 18 outbreaks, the most likely
to cause cheese borne food poisonings in the United States today are Salmonella spp (5 / 18), Listeria
Monocytogenes (3/18), E. Coli (2/18) and Campylobacter (2/18). Analysis of the cheese borne disease
outbreaks shows that illegally imported or homemade Mexican soft cheeses are involved in the
majority of contaminated cheese (10/18). Usually these Mexican type cheeses are contaminated by
Salmonella, Listeria and M. tuberculosis. Contaminated raw milk was the cause of the outbreaks
which suggests poor Good Hygiene practices.
Also, the investigation emphasizes that human and environmental contaminations during
and after the cheese making process are important. Because milk is unpasteurized for making raw
milk cheese, cheesemakers and milk producers should work jointly by adopting strict and consistent
management practices. Thus, HACCP system and “hurdle technology” should be implemented for
preventing contaminations and producing an environment hostile to pathogens. To assure high
quality milk, raw milk should be used within 24 hours after milking and not after 48 hours.
Furthermore, milk and cheese processors should monitor their products’ quality through microbial
tests (Salmonella, E. Coli, Listeria, Staphylocooccus and Campylobacter) with a high frequency and at
specific steps in the process. Finally, cheesemakers should have only one milk supplier and know him
very well. This strong connection between a cheesemaker and his milk producer is essential for trust
and traceability.
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Introduction

The US cheese market is going through a revolution with artisanal raw milk cheese which is
becoming more and more popular. Cheese lovers agree with Scientifics. Raw milk cheeses have a
higher taste than pasteurized cheese. The microflaura of raw milk produce the taste of the cheese.
Thus, the pasteurized cheese cannot compete with the complexity and intensity of the raw milk
cheese‘s flavors and aroma.
However, the raw milk cheese production and consumption is still small in the US. The reason for
concern is that sometimes the microflaura that develops is not the one expected. It could be
dangerous for human consumption. Worldwide, raw milk cheese has been associated to food borne
diseases. This concern is especially strong in the US. The Food and Drug Administration, that oversee
US food safety regulation, emphasizes the risk of consuming raw milk cheese. Thus, current food
safety regulation does not permit sale and production of raw milk cheese unless if it has been aged
for at least 60 days. However, more and more raw milk cheeses are being marketed in the US.
In Wisconsin, the Dairy Business Innovation Center is promoting the development of raw milk
cheese by involving the cheese companies, milk producers through distributors. The goal of this
effort is to build this new market and to enhance consumers’ trust for raw milk cheese’s safety. Thus,
this report aims to identify the cheese-borne pathogens that threaten raw milk cheese development
in the US and find ways to reduce and limit the raw milk cheese- borne pathogens at all stages of the
process.
The first objective of this study is to give an overview of existing studies on human risks
related to raw milk cheeses consumption into the US and to identify milk-borne pathogens
associated to these risks. The second objective is to review how to reduce and control food
pathogens in the raw milk and raw milk cheese processing. Finally, the last objective is to provide
recommend actions that would minimize risks for the raw milk cheese processors.
This analysis will allow the DBIC, milk producers, cheesemakers, retailers and consumers to
gain insights on the human diseases evidence associated with consumption of raw milk cheeses into
the US and how the risks can be managed.
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1. RAW MILK CHEESE: BACKGROUND
1.1 THE WORLD AND THE US DAIRY MARKET
1.1.1 Cheese production
The world cheese production in 2008 was 20,041 kT and is expected to growth by 18%
between 2008 and 2017 (OECD, 2008). More than half of the global cheese production income
comes from The European Union (EU) with 38% of the total income and the US with 19% (OECD,
2008).
The US produced 4,454 kT and the European Union (EU) 9,256 kT in 2008. (OECD, 2008).
Between 1998 and 2007, the US production growth rate was 2.61% (1.93% in the EU) and is expected
to be 1.04% between 2008 and 2017 (0.91% in the EU). (OECD, 2008)
The major US cheeses produced are Mozzarella (32.6%) and Cheddar (31.7%) (USDA, 2009).
They are the most popular in the US. Figure 1 shows the different proportion of cheeses produced in
the US.
Figure 1: U.S. cheese production in 2008, percent by type (USDA, 2009)

1.1.2 Cheese consumption
The US cheese consumption in 2008 was 4,633 kT with an annual growth rate of 1.70%
between 1998 and 2007. It is expected to be 1.13% between 2007 and 2017 (5,132 Kt in 2017) (OECD
and FAO, 2009). Thus to satisfy the consumption, US has to import cheeses. Between 1998 and 2007,
the import annual growth rate was 2.19% and is expected to be 2.55% between 2008 and 2017.
(OECD, 2008). In 2008, the US major cheeses importers were Italy (33, 463 MT), France (18 196MT)
and New Zealand (17, 685 MT) (US trade, 2008).
The growth’s main causes are an increasing demand for a large range of speciality cheeses1
and consumers’ desire to try new products such as artisan type raw milk cheese (OECD, 2008; Mr.
Elkins, 2009, personal communication).

1

Specialty cheese: A value added cheese product of high quality and limited quantity. A cheese
product can be of high quality if it commands a premium price, is of exotic origin, has a particular processing,
design, limited supply, unusual application or use or extraordinary packaging or channel of sale. (DBIC,2008)
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1.2 RAW MILK CHEESE: LESS FAMILIAR IN THE US
1.2.1 Clear European definition vs. confusing US definition
There is no universally agreed upon definition of raw milk cheeses or raw milk products.
However, the Codex Alimentarius, which is the international food standards setting body, defines
raw milk products as2 :
Raw milk products: « products made from raw milk »
Raw milk: « milk which has not been heated beyond 40°C (104°F) or undergone any
treatment that has an equivalent effect. »
The European Union (Council directive 92/46/EEC, arts 3-33, 1992 OJ L 268) and Switzerland
(Ordonnance réglant l`assurance de la qualité pour la transformation artisanal du lait, 2003) use the
same definition.
In the US, the definition of raw milk products is less clear as the legislation uses the term
“unpasteurized milk” and not “raw milk”. Indeed, the Code of Federal Regulations (21 CFR 133) says
that all products for human consumption in the US containing milk or milk products must be
pasteurized. However, “Cheese made from unpasteurized milk shall be cured for a period of 60 days
at a temperature not less than 35°F.” (CFR, 2001)
Thus, raw milk cheese and unpasteurized cheese are used in the same way: raw milk cheese can be
made from heat treated milk at a temperature below pasteurization3 (< 161°F during 15 seconds).
This is the reason why the Raw Milk Cheesemakers’ Association, an association of raw milk cheese
makers who promote raw milk cheeses in the US, uses another definition: “Cheese produced from
milk that, prior to setting the curd, has not been heated above the temperature of the milk (104°F,
40°C) at the time of milking and that the cheese produced from that milk shall be aged for 60 days or
longer at a temperature of not less than 35°F (2°C) in accordance with US FDA regulations” (RAW
MILK CHEESEMAKERS’ ASSOCIATION, 2009)
This study will use the Raw Milk Cheesemakers’ Association’s definition.

2

Codex Code of Hygienic Practice for Milk and Milk Products CAC/RCP 57-2004
Pasteurized: “when used to describe a dairy ingredient means that every particle of such ingredient
shall have been heated in properly operated equipment to one of the temperatures specified in the table of this
paragraph and held continuously at or above that temperature for the specified time (or other
time/temperature relationship which has been demonstrated to be equivalent thereto in microbial destruction)”
(21 CFR 133) :
3

Temperature

Time

145 deg. F
161 deg. F
191 deg. F
204 deg. F
212 deg. F

30 min.
15 s.
1 s.
0.05 s.
0.01 s.

(FDA, 2008)
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1.2.2 Raw milk cheese: an evolving niche market
The USDA is unable to quantify US raw milk cheese production, its import or export.
However, according to INGRAM (2003) raw milk cheese represents 1% to 2% in all cheeses produced
in the US. In France, this percent was 13.7% in 2007 (AGRESTE, 2009).The most popular raw milk
cheeses in the US are Permigiano Reggiano, Emmentaler, Swiss Gruyere and Roquefort (FRANCO,
2009, personal communication).
Contrary to French traditions, the Americans do not have a culinary tradition for consuming
and producing raw milk cheeses. Indeed, raw milk cheese has often been categorized as a ‘‘risky’’
food substance because it is associated with food-borne diseases. As John Sheehan, director of the
FDA’s Division of Dairy and Egg Safety, warned in the agency’s consumer magazine, “Drinking raw
(untreated) milk or eating raw milk products is ‘like playing Russian roulette with your health’”
(PAXSON, 2008).
In France, raw milk cheese is culturally accepted as an artisanal made cheese often associated with
the notion of “terroir”4. This is the reason why 72% of” Appelation d’origine controlée”5 are raw milk
cheeses (INAO, 2009).
However, when French raw milk cheese production decreased by 12% between 1997 and
2007 (AGRESTE, 2009), US raw milk cheese production increased. In Wisconsin, there were only two
raw milk cheese producers in 2004, according to the US legislation definition. Today, there are
twenty producers (SIME, 2009). In Vermont, 80% farmstead6 cheese is raw milk cheese. This revival
of artisan cheese making in the United States, especially of aged raw-milk cheeses reflects a new
demand for higher complexity of flavor (with the notion of gastronomic variety versus uniformity of
flavors), quality, authenticity, and localism (PAXSON, 2008).
This new niche market is expected to grow in the future. This will make the raw milk cheese
production an attractive strategy that can help small dairy farms. In order to help the expansion of
this production, the Dairy Business Innovation Center (DBIC) implemented a raw milk cheese
cooperative program in Wisconsin.

4

“This viticultural term increasingly used to describe a sense that climate and soil create distinctive
pastures that generate flavor components transmitted to milk and are reflected in artisanal cheese. Unlike
industrial cheeses made from heat-treated milk pooled from perhaps hundreds of dairies and not given time to
mature, artisanal raw-milk cheeses, can, according to connoisseurs, express the complexities of “terroir taste”
“(PAXSON, 2008).
5
Appelation d’Origine Controlée (AOC) : French acronym translated into English as Designation of
Origin) “system restricts the right to produce select cheese and wine to a designated selected region associated
with those foods, required them to be processed in the same region where the raw agricultural commodities
(grapes or milk) are produced (CHEN, J. 1996.)
European Community law defines the AOC as “the name of a region, a specific place… used to describe
an agricultural product or a foodstuff… originated in that region… and the quality an dcharcateristics of which
are essentially or exclusively due to a particular geographical environment with its inherent natural and human
factors” Council regulation 2081/92 art 2.2(a), 1992, O.J. (L208)2.
6
Farmstead dairy : dairy products made on the farm from the milk produced on that farm. (DBIC,
2008)
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1.3 THE RAW MILK CHEESE PROGRAM: INHANCING WISCONSIN
CHEESE IMAGE
1.3.1 Wisconsin: the America’s Dairyland
Figure 2 : Location of Wisconsin State (Mapsofworld, 2009)

Situated in the eastern part of the north-central United States of America (Figure 2),
Wisconsin is the leading state for cheese and specialty cheese production. In 2008, Wisconsin’s
cheese and specialty cheese production represented respectively 25.4% and 16% of the total
country’s production (USDA, 2009) (DATCP, 2009). Wisconsin’s specialty cheese is growing as
production has increased by 20 % since 2004 to reach 439 million pounds in 2008 (DATCP, 2009).
To produce its cheeses, Wisconsin counts more than 1 200 licensed cheesemakers and 124
cheese plants (DATCP, 2009). They use primarily milk produced in Wisconsin. 90% of Wisconsin’s
milk is used for cheese in the state (UW-M, 2009). Furthermore, to support its leadership, Wisconsin
has developed a partnership through the Wisconsin Department of Agriculture Trade and Consumer
Protection, the Wisconsin Milk Marketing Board, the BABCOCK institute, the University of Wisconsin
– Madison and the Dairy Business Innovation Center. In addition, to recognize the excellence of its
cheesemakers skill, Wisconsin is the only state to offer an advanced Master Cheesemaker
certification.
Thus, Wisconsin aligns land, skills, research programs, civil-society organizations as well as a
strong cheese culture to support its leadership.
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1.3.2 Raw milk cheese program’s objectives
The DBIC implements a raw milk cheese program:
• To develop a specialized marketing program for raw milk cheeses produced in Wisconsin and
generate more revenue for processors.
• To create a coalition of suppliers who dedicate a segment of their production/cheesemaking
to this value added concept.
This specialized marketing project will highlight the cheesemaking skills of Wisconsin
cheesemakers. It helps to preserve the tradition, and perfect the art of making cheese as it was
originally made before pasteurization, thus generating the full flavors of the aged varieties of
cheeses. It also highlights the geographic regions of the state from which the cheese is originated. It
would enable Wisconsin to create a specific geographical denomination for Wisconsin cheese, as well
as to offer traceability from the farmers` milk to the finished product.
Work already done:
• Market research on attitudes and learning on the positive and negative of raw milk cheese.
This begun with the DBIC focus group exploring the term “raw milk” as a labeling term and
exploring consumer perceptions of raw milk cheese (VOLTEDGE Inc, 2009). The market
research included also a survey on consumer preferences for raw milk cheese. (FOOD
INNOVATION CENTER, 2009). The objectives the research were to determine:
o Understanding of associated terminology
o Helpful labeling for raw milk cheese
o Consumption profiles for raw milk cheese
• Discovery session with an expert panel to gain insight and support for raw milk cheese
suppliers and cheese selection. After this session, three cheesemakers has been engaged to
develop a cooperative marketing for raw milk cheese as the Codex Alimentarius and the
European define it.

1.3.3 The issue and its approach
The market research reveals that the biggest brake for consuming raw milk cheese is the
concern about food safety. Indeed the focus on consumer preference for raw milk cheese
emphasizes that (FOOD INNOVATION CENTER, 2009):
•

•

50% of the consumers surveyed felt that pasteurized milk cheese was safer than raw milk
cheese. Only 5% felt this cheese was less safe. During the focus group, one of the participants
said “It is a safety issue that makes it more of a negative for me” (VOLTEDGE Inc, 2009)
Almost one third of the consumers (32%) feel that raw milk cheeses purchased in the US are
less safe than pasteurized milk cheeses, but 39% do not agree with that statement and 29%
are unsure. Of those respondents who either weren’t sure or did not think raw milk cheeses
sold in the US were as safe as pasteurized milk cheese, 64% changed their mind about the
safety after learning that these cheeses are aged over 60 days.
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In the light of these statements, there is a lack of knowledge about the safety of raw milk cheese. As
a participant said during the focus group “I am not afraid of raw milk cheese. However, I am still
unfamiliar with it to rate my attitude as completely positive.” (VOLTEDGE Inc, 2009). Thus, consumers
and also raw milk cheese processors need to be informed to enhance trust for raw milk cheese
safety. To educate people, the first step is to review cheese borne diseases occurring in the US and
identify the human pathogens associated them. Furthermore, cheese processors need to understand
how to produce uncontaminated raw milk cheeses to assure consumer safety.
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2. METHODS
To identify and analyze the cheese-borne pathogens that threaten the US and the ways to
reduce and limit these pathogens, the study uses various publications:
• Report food poisoning linked to raw milk cheeses in the US.
• Describe and analyze the methods that can be used to manage risk.
Also, the standards and requirements for raw milk and raw milk cheeses used in other
countries which import cheese to the US are used to inform the discussion.

2.1 PATHOGENS AND HUMAN DISEASES TO BE CONSIDERED IN THE
REVIEW
Literature reporting human disease incidences associated with the consumption of raw milk
cheeses of bovine, goat and sheep origin are the main focus of the review. Major pathogens and
related disease to be considered are:
Table 1 : Major pathogens (in italic) and related Human disease

Pathogen name

Disease

Brucella spp.

Brucellosis

Campylobacter spp.

Campylobacteriosis

Coxiella burnetii

Q fever

E. Coli spp.

Enteritis, Haemolytic Uraemic
Syndrom (HUS)

Listeria monocytogenes

Listeriosis

Mycobacterium tuberculosis

Tuberculosis

Salmonella serovars

Salmonellosis

Shigella spp.

Shigellosis

Staphylococcus aureus

Staphylococcus infection

Streptococcus spp.

Streptococcus infection

Yersinias spp.

Yersiniosis

For each of pathogen, literature will be analysed to identify linked ages to US cheese-borne
disease outbreaks.
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2.2 SOURCES OF INFORMATION
The search of electronic databases included Web of Knowledge5 (1990-2009), ScienceDirect
(1823-2009) and Google Scholar.
• Web of Knowledge is an article database that allows the user to simultaneously search the
article databases Web of Science, Current Contents Connect®, ISI Proceedings, CAB
Abstracts®, and Web Citation Index™.
• ScienceDirect searches within Elsevier journals, books and reference works only.
• Google Scholar provides access to peer-reviewed papers, theses, books, abstracts and
articles.
The US websites for public health and food agencies, the Center for Disease Control and
Prevention (CDC) and the Food and Drug Administration (FDA), were reviewed to find cheese
associated outbreaks of human illnesses. Especially, the CDC publishes the Morbidity and Mortality
Weekly Report to notify useful public health information and recommendations. This databased has
been used to review food borne disease outbreaks. Furthermore, food safety authorities’ websites of
the European Union were also searched for related information.
Reference lists of relevant articles were also scanned to identify further articles that may
have been missed by the electronic database search, and selected if thought to be relevant for
further examination.
The standards and requirements of raw milk and raw milk cheeses for the biggest countries
that export cheeses into the United States (European Union, New Zealand, Australia, Switzerland and
Canada) were found by using the electronic databases Lexis Nexis and Faolex.
• Lexis Nexis: This database was used to obtain a collection of worldwide legal news from
general newspapers or from newspapers that specialize in law (such as the Journal of
Agriculture Law, The Florida Journal Bar, Columbia Journal of European Law…).
• Faolex: This legislative database was used to access the country`s laws. It is one of the
world's largest electronic collections of national laws and regulations on food, agriculture
and renewable natural resources.

2.3 RANKING CRITERIA OF LITERATURE
This review focuses on the applicability of evidence to the situation in the US by retrieving
data and knowledge with the following criteria:
• Countries equivalent to the United States: For example, studies or data from countries that
are economically and socially not equivalent to the United States, such as developing
countries with poor health status, or ancient data are not taken into account.
• Year of incidence: The study focuses on the period of 1973-2009, because it represents the
current situation better than older publications.
• Type of study : descriptive study, report
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3. HUMAN DISEASE EVIDENCES WITH THE
CONSUMPTION OF RAW MILK CHEESES
To inform the standard setting process and help the development of a risk communication
strategy, a systematic analysis of the available morbidity and mortality evidence associated with
consumption of raw milk cheese is required. The objective of the present review is to analyze
primary studies describing the morbidity and mortality associated with the consumption of raw milk
cheeses in the US. After describing briefly the food-borne disease outbreaks implicated in milk and
milk products in major industrialized countries, this part will focus on pathogens involved in cheeserelated illness outbreaks in the United States.

3.1 OVERVIEW OF FOOD-BORNE DISEASE OUTBREAKS IN THE
INDUSTRIALIZED COUNTRIES
The list of the human disease associated to the consumption of raw milk and raw milk
products, their signs, symptoms and incubation time is in Appendix A.
Table 2 : Food-borne disease outbreaks recorded and implication of milk and milk products in different countries (DE
BUYSER et al., 2001)

Country

Number of year

Number of outbreaks %
of
outbreaks
with known food implicating milk and
vehicle
milk products

USA

5 (1988-1992)

465

10 (2.2%)

Finland

8 (1983-1990)

279

8 (3%)

Netherlands

4 (1991-1994)

122

7 (5.7%)

England and Wales

2 (1992-1993)

204

9 (4.4%)

Germany

4 (1993-1996)

547

30 (5.5%)

Poland

5 (1992-1996)

2435

86 (3.5%)

France

10 (1988-1997)

2861

177 (6.1%)

Table two shows the food-borne disease outbreaks of milk and milk products in seven
industrialized countries. According to DE BUYSER et al. (2001), one to five percent of annual foodborne disease from these countries implicates milk and milk products. Thus, dairy products are a
relatively safe class of foods because the dairy industry has been successful in producing safe and
nutritious products. In the US, dairy products have been vehicles in only 2.2% of reported outbreaks
of food-borne disease between 1988 and 1992. From another source, BEAN et al. (1996) identified
that dairy products are involved for less than 1.5% of all food-borne disease outbreaks in the US. In
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comparison, France, one of the largest consumers of cheese in the world, has a higher proportion
with 6.1% (between 1988 and 1997).
JAROS et al. (2008) investigated the human disease associated with the consumption of raw
milk and raw milk cheese in the world. According this research report, “in more than half of the
studies, raw milk (of any species) was considered as the most likely vehicle of infection, whereas less
than a quarter of articles had inferred unpasteurized cheese as the cause of disease” At the same
time, they emphasized that “dairy products of bovine origin were identified as the source of infection
in 83% of studies, which is also likely to reflect consumer habits rather than increased risk in bovine
dairy products.”(JAROS et al., 2008)

3.2 RESULTS FOR SPECIFIC PATHOGENS
The list of food-borne illness associated with cheese consumption in the United States is
presented in Appendix B.
Tables three and four present respectively the critical survival and growth parameters for
each milk pathogen and their main sources of contamination. These tables are used through this
chapter to characterize each pathogen.
Table 3 Critical survival and growth parameters for milk associated pathogens
(Adapted from JONHSON et al. 1990, ICMFS, 1996 and QUINN et al 1999)

Temperature °F

Pathogen’s name

pH

Minimum

maximum

Minimum

Maximum

Brucella spp

68

108

>4.5

NA

Campilobacter spp.

77

109

5.5

8

Coxiella burnetii

91

99

4.3

NA

E. Coli spp

37

113

4.6

9.5

Listeria
monocytogenes

37

113

5.6

9.6

Mycobacterium
tuberculosis

86

100

5.2

NA

Salmonella serovars

44

135

4.6

10

Shigella spp.

50

<113

NA

10

Staphylococcus
aureus

45

118

4

9.8

Streptococcus sp.

>50

<113

>4.8

NA

Yersinias spp.

34

111

4.4

9
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Table 4 : Major sources of milk infection for milk associated pathogens (JOHSON et al. 1990)

Major source of milk infection
Pathogen’s name
Man

Cow

Environment

X

Brucella spp
Campilobacter spp.

X

X

X

X

Coxiella burnetii
X

E. Coli spp

X

Listeria monocytogenes

X

Mycobacterium
tuberculosis

X

Salmonella serovars

X

Shigella spp.

X

Staphylococcus aureus

X

X

X

X

X
X

Streptococcus sp.
?

Yersinias spp.

X

X

3.2.1 Brucella spp
Characteristics
Brucella spp is a Gram negative, aerobic, non motile, coccoid which grows at a temperature
between 68°F and 108°F with an optimum of 98.6°F (ICMFS, 1996) and a pH greater than 4.5 (Table
3). Brucella spp are destroyed at a temperature at 158 °F for 15-18 seconds (s). (D`AOUST et al. 1988)

Public heath concerns
A lot of studies have been done in Arabic countries (ALMUNEFF et al., 2004; AL SHAMAHY, et
al. 2000 ; SOPHIAN et al. 2008) where Brucella is endemic and the consumption of unpasteurized raw
milk (and cheese) from goats, sheep, and camels is a traditional practice. But from most developed
countries, Brucellosis has been eliminated. Nonetheless in Spain in 2001, eleven brucellosis cases
were identified due to the consumption of unpasteurized raw goat cheese produced in a farmhouse.
It was located in the epidemic territory, where it was at a higher risk for presenting brucellosis
(EUROSURVEILLANCE, 2003). In the US, three cases were detected where illegally imported Mexican
style soft cheese made from contaminated raw milk was the source of all contaminations in 1973
1983 and 1985 (See Appendix B). But in February 2008, the United States Department of Agriculture
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(USDA) announced that ”for the first time since brucellosis eradication efforts began in 1934, all 50
states and US territories have achieved Brucellosis Class Free status” (ANONYMOUS, 2008).. Hence,
there is no evidence of locally-acquired cases of Brucellosis in humans since this declaration.

Source of contamination
The majority of strains causing food-poisoning are of animal origin (Table 4).

3.2.2 Campylobacter spp.
Characteristics
Campylobacter jejuni is a microaerophilic, Gram negative, motile, curved rod bacterium that
multiplies between 77 °F and 109 °F, and a pH from 5.8 to 8 (Table 3). According to D`AOUST et al
(1988), Campylobacter were readily inactivated in raw milk heat treated at or above 145.4 °F for 16
seconds.

Public health concerns
Recently, there were two outbreaks involving campylobacter spp where unpasteurized
cheeses are the source of contamination (See Appendix B). “In 2006, unpasteurized milk or
unpasteurized milk products were the vehicle of infection in outbreaks of Campylobacter spp. in the
United States. In those outbreaks, 95 persons were infected, and seven of those persons were
hospitalized” (CDC, 2009). In October 2007, 68 persons had been contaminated by Campylobacter
jejuni at a community fair in Kansas. The investigation produced evidence that unpasteurized fresh
cheese was the source of the outbreak of diarrheal illness. For both of these outbreaks, environment
was the origin of contamination (CDC, 2009).

Source of contamination
Man, cows and environment are commonly the origin of the contamination (Table 4).
Furthermore, even if the organism does not grow in milk, the low infection dose and survival of a few
cells may be sufficient to cause illness (BLASER MJ, et al. 1980 In JOHNSON, E.A. et al. 1990).

3.2.3 E. Coli spp
Characteristics
E. coli is a Gram negative, facultative anaerobic, rod shaped bacteria. It grows in wide range
of temperatures from 37°F to 113°F and a pH from 4.6 to 9.5 (Table 3). The thermal inactivation of E.
Coli O157:H7 is complete at temperatures at or above 148.2°F for 16.2 seconds. (D`AOUST et al.
1988)

Public health concerns
In a review of E. coli O157 infections in the United States, raw milk accounted for 4% of
outbreaks involving E. Coli during a 20-year period (RANGET et al. 2005).
In Wisconsin between 1992 and 1999, 7% of E. coli O157:H7 infection cases were caused by the
consumption of raw milk or raw milk product (PROCTOR and DAVIS, 2000).
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The likely sources of infection were raw milk, unpasteurized cheese of bovine and caprine
origin (COMPTON, et al. 2008) as well as other pasteurized dairy products:
• An outbreak of contaminated raw milk occurred in California in 2006, when two children had
been hospitalized with Hemolytic Uremic Syndrome (HUS) after drinking raw milk and raw
colostrums. After these events, the California Department of Food and Agriculture issued a
recall and quarantine order for all raw milk, raw cream, and raw colostrums produced by the
dairy. The order was extended to include all raw products from the dairy, except for cheeses
aged at least 60 days according to California and Food and Drug Administration standards
(SCHNEIDER et al, 2008).
•

Two outbreaks contaminating pasteurized cheese occurred in the United States. One of them
occurred in Wisconsin in 1998 (See Appendix B). For this case, the vehicle of infection was
thought to be cheese curds that became contaminated after pasteurization as a result of
E.coli contaminated fecal matter. The other outbreak occurred in 1983, when imported
pasteurized Brie and Camembert from France was identified as the vehicle. Isolation from
stools but not from cheese suggests that other foods or mishandling of cheese during
distribution may have contributed to the outbreak.

Source of contamination
The major sources of contamination are man and cows (Table 4). Indeed, indirect
contamination occurs through fecal contamination of teats due to poor hygiene practices at milking
and generally poor farm hygiene. E. coli can survive in fecal particles, dust and water for weeks or
months. Less commonly, E. coli may contaminate raw milk directly as a result of both clinical and
subclinical mastitis in dairy cows and sheep. (QUINN et al 1999).

3.2.4 Listeria monocytogenes
Characteristics
Listeria spp. are motile Gram positive, facultative anaerobic rod bacteria. It grows in an
unusually wide range of temperatures from 37°F to 113°F and a pH from 5.6 to 9.6 (Table 4). They
can also grow under salinity up to 10% sodium chloride. It can replicate under a variety of conditions
and may survive high temperature including short time pasteurization. (COOPER and WALKER, 1998).
According to D`AOUST et al. (1988), Listeria monocytogenes in naturally contaminated milk (102 / 103
org/ml) did not survive temperatures higher than 150.8 °F for 16.5 seconds.

Public health concerns
The greatest concerns on raw milk cheeses have focused on Listeria monocytogenes. Indeed,
milk and dairy products are the foods most frequently associated with human listeriosis, particularly
in soft cheese (COOPER and WALKER, 1998). The prevalence of the bacterium in cheese ranges from
0.5 to 10% (FARBER, J.M. PETERKIN, P.I., 1991; PIERRE AND VEIT, 1996), depending on survey design,
the type of cheeses and isolation methods. Furthermore, the mortality rate in clinically-affected
humans is high (30%) (QUINN et al 1999).
In the US, listeriosis has been associated with consumption of raw milk products, particularly
by Mexicans-style cheese made from contaminated raw milk (See Appendix B). For all outbreaks, the
source of contamination was fresh Mexican cheeses where an improper pasteurization occurred.
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Fresh, Mexican-style soft cheese is sold door to door and in small markets that cater to Latin
American consumers in the US. This is one of the reasons why the incidence of listeriosis in the
United States among Hispanic females of childbearing age (i.e 15-39 years of age) is eleven times
higher than non-Hispanic females in this age group (MACDONALDS et al. 2005).
According COOPER and WALKER (1998) “Listeriosis in human has not been associated with
hard cheese, processed sliced cheese, cottage cheese or yoghurt”.

Source of contamination
The majority of Listeria caused food-poisoning are cows and environmental origins (Table 4).
Indeed, Listeria monocytogenes is widely distributed in the environment and can be isolated from
soil, plants, decaying vegetation and silage with pH >5.5 (QUINN et al 1999).
Farm environments containing ruminants maintain a higher prevalence of Listeria
monocytogenes than other natural ecosystems. Environmental contamination on dairy cattle farms
in the state of New York was greater than on dairy farms containing small ruminants (NIGHTINGALE
et al 2004), although clinical disease is reported to be more common on the latter. Cattle act as
amplifiers of the organism to re-contaminate the environment via their feces. The organism can be
excreted intermittently in milk and feces of both clinically- and subclinically-affected ruminants, and
is part of the normal intestinal flora of many mammals and birds (COOPER AND WALKER 1998).
L. monocytogenes may also be present in cheese factories where good sanitation and hygiene are
practiced. Surveys have found that Listeria frequently contaminates drains and surfaces in dairy
plants (COLEMAN, W.W. 1986) and survives in simulated cooling systems (PETRAN, R et al. 1988).

3.2.5 Salmonella serovar
Characteristics
Salmonella spp. is Gram negative, facultative anaerobic rod bacteria. They grow from the
temperature of 44°F to 135°F with an optimum of 98.6°F (Table 3). The thermal inactivation of
Salmonella was complete at temperature at or above 148.2°F for 16.2 seconds or at 140°F for 10
minutes. (D`AOUST J.Y. et al. 1987)

Public health concerns
Cheese is not currently recognized as an important vehicle for human Salmonella infection
(HEDBERG et al., 1992). However, raw milk and unpasteurized cheese of bovine origin are the most
common sources of infection for milk products.
In the United States, five outbreaks involved cheese contaminated by Salmonella (See Appendix B):
• Two of the outbreaks involved raw milk cheeses. In both cases Mexican-style soft cheeses
made with contaminated raw milk were the source of the contamination. This was the first
time in the United States that raw cow`s milk cheese had been linked with Salmonella. Both
outbreaks occurred in 1997.
•

Three of the outbreaks involved pasteurized cheeses (Mexican-style soft cheese, mozzarella
and cheddar). Improper pasteurization, environment, and humans are the origin of the
contamination.
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Source of contamination
The majority of strains causing milk-poisoning are from humans, cows, or environmental
origins (Table 4). The natural reservoir of infection is the intestinal tract of animals. The organism can
survive for several months in the environment of moist soil, water, fecal particles and animal feed
(QUINN et al 1999).

3.2.6 Coxiella burnetii
Characteristics
Coxiella burnetii is an intracellular gram negative bacterium. It grows in small range of
temperature (91°F and 99°F) (Table 3), but it is more heat resistant than other non sporulating
pathogens. ENRIGHT et al. (1956) (In JOHNSON, E.A. et al. 1990) determined time - temperature
treatments sufficient to inactivate C. burnetii in bovine milk. A population of 100, 000 infective
guinea pig doses in raw whole milk processes via vat pasteurization required 145°F for 30 minutes for
complete inactivation (or 161°F for 15 seconds).

Public health concerns
In the United States, infections due to C. burnetii are uncommon (KARAKOUSI, 2006). Indeed,
no outbreak contaminated cheese has been recorded.

Presence in raw milk and raw milk cheese
Throughout the world, the most common reservoirs of C. burnetii are cattle, sheep, and goats
(MARRIE TJ, RAOULT D. 1997) (Table 4). C. burnetii is present in their urine, feces, milk, and birth
products. Human infections (Q fever) mainly occur after people inhale contaminated aerosols and,
rarely, after they ingest unpasteurized milk or cheese.

3.2.7 Mycobacterium tuberculosis
Characteristics
Mycobacterium tuberculosis is a Gram-positive, rod-shaped, aerobic bacterium with its
optimal living temperature at 98.6°F (NCBI, 2009). It grows in a small range of temperatures from
86°F to 100°F (Table 3). It is destroyed at a temperature at 156.2°F for 15 seconds (JOHNSON, E.A. et
al. 1990). M. tuberculosis is considered less likely than other pathogens to be affected by the pH of
the cheese (KEOGH, BP. 1971).

Public health concerns
Nowadays in the United States, the majority of people who are contaminated by M.
tuberculosis come from countries where the infection is prevalent in cattle and where they
presumably acquired infection:
•

In New York City, 2004, M. tuberculosis infection was involved in consumption of illegally
imported Mexican-style fresh cheese (See Appendix B): One American born boy, 15 months
old, died of peritoneal tuberculosis (TB), and 24 people have been hospitalized.

Dairy Business Innovation Center

16

•

In San Diego, California, between 1980 and 1997, 34% of culture-confirmed TB cases in
children under the age of 15 were caused by M. tuberculosis; approximately 90% of these
children were born in the U.S. of Hispanic ethnicity. Again, fresh cheese brought from Mexico
was suspected to be one source of infections in these children (CDC, 2005).

Source of contamination
The majority of Mycobacterium causing milk-poisoning are of cow’s origin (Table 4). Indeed,
“although M. tuberculosis will not multiply in milk or will do so very slowly, the large number of
bacteria excreted by a single cow with tuberculous mastitis is generally sufficient to render infective
the milk pooled from 100 milking cows” (DE LA RUA DOMENEC, 2005).

3.2.8 Shigella spp
Characteristics
Shigella spp are gram negative, facultative anaerobia, non spore forming, rod shaped
bacteria. They grow between the temperature of 50°F and 113°F and pH of 4.6 and 9.5 (Table 3).

Public health concerns
No case of outbreaks of shigellosis in humans associated with the consumption of milk or
milk products was found in the US. Infections due to Shigella spp. are uncommon.
Nevertheless, JAROS et al. 2008 found two publications (ZAGREBNEVIENE et al., 2005 and
GARCIA –FULGEIRAS et al., 2001) where outbreaks occurred in Europe and were linked to milk
products of bovine origin. In one study unpasteurized cheese was reported as the likely vehicle of
infection, whereas cross-contamination after pasteurization was the possible source of infection in
the other case.

Source of contamination
The common origin of milk and cheese contamination is made by unsanitary handling.
(Table 4).

3.2.9 Staphylococcus spp.
Characteristics
Staphylococcus aureus is a Gram positive, salt-tolerant facultative anaerobic bacterium and
grows within a range of temperatures from 45°F to 118°F and a pH from 4 to 9.8 (Table 3). S. aureus
requires a temperature of 158°F for 16-18 seconds to be destroyed (ZOTTOLA, E.A. et al. 1969 in
JOHNSON, 1990).

Public health concerns
Unlike France where S. aureus is reported to be the most frequent cause of food-borne
disease from raw milk and raw milk products (85.5 % of the outbreaks) (DE BUYSER, 2001), few
contaminated cheese outbreaks by S. aureus occur in the US. Indeed, only one outbreak (New York,
1981) involved a contamination with S. aureus. The cause was improper pasteurization (See
Appendix B).
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Source of contamination
The majority of strains causing milk-poisoning are of human or cow origin (Table 4).
In human origin, it is estimated that 20-50% of the human population carry S. aureus on their hands
or in their nasal cavity, and 15% of these are food-poisoning strains and produce heat stable
enterotoxins (QUINN et al 1999). As for cow origin, the organism colonizes in the nasal cavity, in skin
and mucous membranes, and can transiently infect the intestinal tract. They frequently cause
mastitis (JOHNSON et al. 1990).

3.2.10 Streptococcus spp.
Characteristics
Streptococcus spp. are Gram positive, facultative anaerobic bacteria, grow within a range of
temperatures from 50°F to 113°F, and a pH of greater than 4.5 (Table 3). Streptococcus pyogenes
(group A) requires a temperature of 158°F for 8 seconds or 149°F for 65 seconds in order to be
destroyed. (KAPLAN et al. in JOHNSON, 1990)

Public health concerns
In 1983, one outbreak of invasive streptococcal infection occurred in New Mexico (See
Appendix B). A case control study revealed that eating of queso blanco, a homemade white cheese,
was significantly associated with infection. The cheese was made from raw milk from cows with
Streptococcus mastitis and was not cured. It was distributed to stores within 24 to 48 hours after
production in the family kitchen.

Presence in raw milk and cheese
The majority of strains causing milk poisoning are of cow origin (Table 4). Most live as
commensal organisms in the upper respiratory and lower urogenital tract, and do not survive for long
periods in the environment (QUINN et al 1999). They frequently cause mastitis (JOHNSON et al.
1990).

3.2.11 Yersinia spp
Characteristics
Yersinia spp. are gram negative, facultative anaerobic rod bacteria, and grow within a wide
range of temperatures from 34°F to 111°F (Table 4). Yersinia spp were readily inactivated in raw milk
heat treated at or above 145.4°F for 16.2 seconds. (D`AOUST et al. 1988)

Public health concerns
Yersinia has not been implicated in food-poisoning involving cheese in the US. Only one
outbreak has been found in the U.S. where pasteurized milk (Chocolate milk) became contaminated
with Yersinia pathogens at the dairy in 1978 (BLACK et al., 1978 in JAROS et al. 2008).

Source of contamination
The majority of strains causing food-poisoning are cows and environmental origins (Table 4).
The natural reservoir of infection is latent infections in the intestinal tract of wild and domestic
animals (QUINN et al 1999).
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To summarize the information obtained by analysis of outbreaks and the survey of raw milk
and cheeses for pathogens suggest that the organisms most likely to cause cheese borne foodpoisonings in the U.S. nowadays are Salmonella spp (5 outbreaks/ 18), Listeria Monocytogenes
(3/18), enteropthogenic E. Coli (2/18) and Campylobacter (2/18). In addition, this analysis
emphasizes that raw milk cheese commercially manufactured in the US is not the first cause of
cheese-related illness outbreaks. Indeed, 10 outbreaks have been linked to the consumption of
Mexican-style soft cheeses. In the most cases, they were illegally imported and purchased from
street vendors rather than retail stores.
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4. CONTROL OF CONTAMINATION OF RAW MILK
CHEESE WITH HUMAN PATHOGENS
The objective of this part is to overview practices and factors which contribute to pathogen
control in raw milk and raw milk cheese.

4.1 MASTITIS CONTROL
When milk is intended for manufacture of raw milk products, maintenance of hygienic
conditions for production is one at the most important public health control measures (FAO, 2004).
The previous section shows that milk contamination primarily occurs via the mammary gland and
outside contamination, like fecal matter on milking equipment or udders. Unhealthy dairy animals
can secrete bacteria and viruses into their milk, and animal feed can carry microorganisms that
survive the digestive track and infect milk via contaminated dung on udders. “Mastitis control
programs focusing on hygienic harvest of milk have been widely adopted for at least 50 years.
Worldwide, farmers have achieved tremendous success in reducing the incidence of contagious
mastitis by adopting the five basic principles of mastitis control: post milking teat disinfection,
universal dry cow antibiotic therapy, appropriate treatment of clinical cases, culling of chronically
infected cows and regular milking machine maintenance.” (RUEGG, 2003). Thus, Staphylococcus
aureus and Streptococcus agalactitia are now responsible for less than one third of all mastitis cases
compared with more than 75 % of all cases 20 years ago. (HILLERTON et al. 1995 in RUEGG, 2003)

4.2 REDUCTION OF ENVIRONMENTAL CONTAMINATION
The first section emphasizes the “outside contamination” where farm environment is the
source of pathogen contamination. Feces, hair, sputum or other sources from cows or other animals
can enter into the feed and water supply. Flies, other insect vectors, birds and animals can transfer
pathogens to equipment and personnel that may come in contact with milk. Airborne duct or water
droplets can also serve as a vector for milk contamination.
Silage is a potential source of sporeforming organisms including Clostridia. L. monocytogenes
is also known to inhabit silage. However, a pH of five or less prevents the growth of this pathogen.
Enteric bacteria including Salmonella spp., E.Coli, Y. enterocolitica, C. jejuni, and enterococci may
enter the milk supply from animal feces contamination. They may also occasionally originate from
mastitic infection. Humans formerly transmitted virulent pathogens including Salmonella typhi., C.
diphtheria, S. pyogenes, Shigella sp. into milk, but infection via this vector is now rare in the United
States. However, farm workers are a potential risk to transmit pathogens. Thus, high personal
hygiene and Good Hygiene Practice are essential.
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Focus on listeria contamination
Contaminated raw milk by Listeria is one of the greatest concerns in the United States. Thus,
this section will develop control measures for Listeria contamination on the farm and in the dairy
plant (EVERSON, 1988 in JOHNSON, 1990). By preventing listeria contamination, other food
pathogens are prevented also.
1. Prevent mud and manure from accumulating in the cow yard and around the milk house.
2. Keep gutters and aisles clean and limed.
3. Keep cows as clean as possible.
4. Keep udders and flanks clipped. Use adequate amounts of dry bedding and change it
frequently to keep the cows clean. Refrain from the use of corn stalks for bedding.
5. Use an approved sanitizing udder wash according to the manufacturer’s instructions. Dry
udders with single service towels. Dip teats promptly after the milking machine is removed.
6. Maintain the milking system to current standards and utilize proven management practices
7. Keep the milking equipment clean and properly stored too protect it from dust and dirt.
8. Sanitize all milk contact surfaces just before use.
9. Keep all birds, rodents and other farm animals out of the milking parlors and away from the
milking equipment. Establish a good practice of insect control.
10. Feed high quality forages and be certain fermented feeds are properly cured.
11. Check all silage for a pH below 5.0. Be especially careful of silage stored in bulk silos or
trenches.
12. Keep the milk house and the loading area for the bulk tank clean and free of mud and
manure.

4.3 RAW MILK MANAGEMENT: COOLING
Raw milk requires handling during storage and delivery to the dairy plant. The keeping quality
of raw milk is affected by several factors including the prompt, rapid cooling of milk to temperatures
below the point at which most pathogens growth. Thus, the Codex Code of Hygiene Practices for Milk
and Milk Products (FAO, 2004) requires that “for raw milk not collected or used within two hours
after milking it should be cooled:
• To 42.8°F or below when milk is collected on a daily basis or
•

To 39.2°F or below when milk is not collected every day “

4.4 PATHOGEN INHIBITION DURING CHEESEMAKING AND CURING
A multiplicity of practices other than pasteurization contributes significantly to the
microbiological safety of cheese during the cheesemaking process. Indeed, heat treatments of the
milk (lower than pasteurization in accordance to the US legislation) and of the curd, lactic culture
management, pH control, salt addition, and control curing conditions are some of them. Table 3
which displays critical growth and survival parameters for pathogens can help define environmental
limits for growth in milk processes at low or elevated temperatures.
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4.4.1 Heat treatments
Milk’s heat treatment
Opposite of European Union legislation, raw milk cheese legislation in United States allows
heat treatment of milk if it is lower than pasteurization (< 161°F during 15 seconds). Thus,
thermization at 145-150°F for 15-20 seconds can be practiced. Indeed, milk treatment at 148°F for 16
seconds destroys Yersinia, Campylobacter, E. Coli and all Salmonella except S. senftenberg, and S.
aureus. A portion of the population of Listeria, Mycobacterium and C. burnetii may survive,
depending on the levels present in the milk (See Chapter III). Spore formers would survive but are not
a threat in most natural cheese. However, according to JOHNSON`s (1990), “certain pathogens
(including Salmonella), have the ability to change their heat resistances when pre-heated or cultured
at temperatures which exceed those for optimum growth (…). The change probably results from the
expression of heat shock proteins. These proteins may help cells against thermal destruction.”

Curd’s heat treatment
During the cheesemaking process, heating curd inhibits or destroys pathogens. This is the
reason why no outbreaks in the U.S., Canada and Europe were linked to hard Italian varieties
(parmesan, Romano, and Provolone) and Swiss cheese (JOHNSON et al. 1990). Indeed, the procedure
to make these cheeses utilizes high cooking temperatures of 118-124°F for parmesan and Romano
and more than 131°F for Provolone. Just the opposite, soft surface ripened cheese (camembert, Brie,
and queso fresco) is at significantly greater risk to transmit pathogens than other cheeses.

4.4.2 Curing conditions
In the U.S. legislation, cheese made from unpasteurized milk must be held for 60 days after
its manufacturing at a temperature above 35°F. Aging is believed to kill pathogens due to several
interacting factors. During aging, the cheese`s acidity increases and its water content decreases,
creating a hostile environment for pathogens.
However, the storage and ripening of cheese does not guarantee the full inactivation of all pathogens
if they are present in raw milk:
• D’AMICO et al (2008) shows that “60-Day Aging Requirement does not ensure the safety of
surface-mold-ripened soft cheeses manufactured from raw or pasteurized milk when Listeria
monocytogenes is introduced as a post-processing contaminant”.
• Cheese contaminated with M. tuberculosis has been shown to be infected after 220 days
(Cheddar), 305 days (Tilsit), and three months (Camembert) (HARMER and BABEL, 1958 in
KEOGH, 1971). However, in Emmental, there was a decline in the number of tubercle bacilli
after heating the curd to 131°F (JONHSON, 1990).
Furthermore, neither curing nor heat treatment will destroy enterotoxins formed in the milk
before cheese making. Although S. aureus dies during the maturation and storage of cheese,
Staphylococcal Enterotoxins may retain their biological activity. Consequently, fully matured cheeses,
negative for viable S. Aureus, are not necessarily safe with respect to staphylococcal food- poisoning
(JORGENSEN HJ et al. 2005). TARTINI et al.1976 in: JOHNSON, 1990 estimated that “approximately
one million S. aureus per g. are required for enterotoxin production of public health significance in
cheese. This requires an initial population in milk for cheesemaking of 102 - 109/ ml.”
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4.4.3 Other factors: lactic culture and salt addition
Vigorous, controlled lactic fermentation, essential for the production of good quality cheese,
is also vital to preventing pathogen growth. Lactic fermentation increases acidity and generates
inhibitory substances such as antibiotics, bacteriocins and hydrogen peroxide that may suppress the
growth of pathogenic bacteria. “Juffs and Babel [JUFFS, BABEL, 1975 in: JONHSON, 1990] found that
the addition of 0.1 to 0.5% mixed S. lactis cultures (also containing Leuconostoc cremoris) to raw milk
held at 4°C (39.2°F) reduced the number of psychrotrophic bacteria by 90% compared with
uninoculate control milk. The pH of the milk was not changed significantly, but the added lactic
organisms did affect subsequent lactic fermentation, unless they were removed or killed by heat
treatment” (JOHNSON, 1990). Furthermore, rapid acid production is the principal factor responsible
for elimination of S. aureus outbreaks in raw milk cheddar (ZEHREN, 1968 in: JONHSON, 1990).
In addition to lactic culture, salt added during cheese processing inhibits the pathogen’s
growth. In most cheese varieties, salt concentrations attain levels of 1.6 to 3.0% of the total weight
of cheese. This level would not affect most of the pathogenic bacteria in cheese. But as SPARH and
URL (1994) showed in their study: “salt is dissolved in the aqueous phase of cheese only, [which is]
the actual site of bacteria growth. Given the perspectives calculated values, salt concentrations in the
aqueous reach levels of 2.2%-6.5% or higher and will, in fact, at least slow down the growth rate of
most bacteria and even have a detrimental effect on the more sensitive ones”. (SPARH and URL; 1994
in: RUSSEL BISHOP and SMUKOWSKI; 2006)
Finally, limiting and reducing cheese contaminations by human pathogens is carried out by
using tools that prevent these contaminations. These tools include: mastitis control, raw milk
managing, good hygiene practices, heat treatment, aging, lactic culture, and salt addition. All these
practices must be linked as a continuum as they contribute to enhance raw milk cheese’s microbial
safety.
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5. DISCUSSION AND RECOMMENDATIONS
Milk and milk product -borne outbreaks represent 1.5% to 2.2% of the bacterial food-borne
outbreaks reported by the CDC in the US (depending on the bibliography BUYSER et al., 2001, BEAN
et al., 1996). However, this study is limited in that it is based on all the outbreaks associated with the
consumption of cheese that was reported to the CDC, and may not be representative of all
outbreaks. Indeed, dispersed outbreaks caused by foods with intermittent or low level contamination
may be underreported. Furthermore, several outbreak investigations were unable to detect the
causal agent, because of various reasons:
•

•
•

The food item had already been eaten or was not available, especially in diseases with long
incubation periods. As COOPER and WALKER (1998) said “Recovering the organism in
implicated foods is difficult, owning to the time lag between ingestion of the food and onset
of clinical symptoms” Indeed, infected humans are exposed to a range of other possible risk
factors during the incubation period. For instance Listeria’s incubation period is two to six
weeks (See Appendix A °).
The pathogen was self-destroying over time.
There was no developed diagnostic method to detect pathogenic enterotoxins of toxinproducing pathogens (e.g. Staphylococcus enterotoxin).

The information obtained by analysis of outbreaks and surveys of raw milk and cheeses for
pathogens suggests that the organisms most likely to cause cheese borne food poisonings in the
United States nowadays are Salmonella spp (5 outbreaks/ 18), Listeria Monocytogenes (3/18), E. Coli
(2/18) and Campylobacter (2/18). Although other pathogens, including Staphylococcus aureus,
Streptococcus spp. Yersinia spp and Brucella spp, have been relatively common causes of cheese
outbreaks in other countries, they have rarely, if ever, caused cheese outbreaks, and have
infrequently been detected in cheeses in the United States. Thus, this investigation confirms RUEGG’s
statement (2003): “Nontyphoidal salmonella spp. and Campylobacter jejuniare considered important
threats to food safety because of the enormous number of illnesses they cause. Listeria
monocytogenes and E. coli O157: H7 are priority pathogens because of the severity of symptoms
associated with infection and because of the number of deaths that occur in infected people”
(RUEGG, 2003). All of these pathogens are shed in cattle feces and can contaminate dairy farm
premises, including unpasteurized bulk tank milk.
In addition, this analysis emphasizes that raw milk cheese commercially manufactured in the
US is not the first cause of cheese-related illness outbreaks. Illegally imported or homemade Mexican
soft cheeses are involved in the majority of contaminated cheese (10 outbreaks/18). Usually these
Mexican type cheeses are contaminated by Salmonella, Listeria and M. tuberculosis. Contaminated
raw milk was the cause of the outbreaks. Once the milk is contaminated, the problem is spread by
pooling milk during the collection and transportation process. Thus, since January 2009, there has
been a more thorough search for the Mexican fresh cheese imports at the border, to stop illegal
importation of unpasteurized fresh cheese (LIGIARD, 2009).
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To control food pathogens, people involved with every stage of cheese production, from
farm to fork, must take responsibility for food safety to prevent animal infection (milk producers),
avoid fecal contamination (cheese makers), and destroy pathogens (food handlers and consumers).
These controls can be enhanced by the adoption of a number of management practices. These
practices are required by numerous countries. Appendix C displays the standards and requirements
for raw milk products set by the United States and its major cheese importers.

5.1 MILK PRODUCER
When milk is intended for the manufacture of raw milk products, maintenance of hygienic
conditions for production is one of the most important public health control measures (FAO, 2004).
However, according to PAYNE et al. (1999) in the United States “most dairy farmers feel responsible
for the safety of milk that originates on their farms, but linkage between farm production practices
and the quality of processed products have been weak.” Thus animal health requirements (Mastitis
Control Program), hygiene of milking, storing and collection operations, and the health and hygiene
of personnel are essential to obtain milk with a sufficiently low microbial load to enable the
manufacture of raw milk products that are safe and suitable for human consumption. Therefore,
Quebec’s legislation for the production and sale of raw milk cheese that has been aged less than 60
days requires that cheese makers know their milk supplier personally. Also, cheesemaker has to be
knowledgeable about dairy operations (ANONYMOUS, 2008). This strong connection between
cheesemaker and his milk producer is important for the American consumer. During the focus group
for the labeling term “raw milk” carried on the May 6th 2009 in Madison by VOLTEDGE Inc. , one of
the participants said “It would make a difference thought, if you knew that cheesemaker knew the
cows. Because if I trust the cheesemaker, and the cheesemaker trusts the farmer who’s taking care of
those cows, I have more of a connection to the whole process.” (VOLTEDGE, 2009)
Furthermore, for keeping the quality of the milk, time and temperature of storage have to be
considered. As bacteria are present in raw milk and can grow rapidly, the quality of raw milk can soon
deteriorate unless it is processed soon after collection. In Switzerland raw milk for raw milk cheese
production has to be used within 48 hours after milking, and cooled at a specific temperature
depending on the time of storage (See Appendix C). In Europe, raw milk cheeses with a Geographical
Denomination have very strict requirements for milk’s storage time. For instance, when making
Comté AOC and Beaufort AOC (two French cheeses), the raw milk used in production must be used
within 24 hours after milking.

5.2 CHEESEMAKER
The investigation emphasizes that human and environmental contaminations during and
after the cheese making process are important. One outbreak involved an infected production
worker by Salmonella (Multi states, 1989) and three outbreaks involved environmental
contamination (especially fecal contamination) by Campylobacter and E. coli (Wisconsin, 1998;
Kansas, 2006 and 2007) (See Appendix B). Because milk is unpasteurized for making raw milk cheese,
preventing environmental contamination is essential. Thus, in Europe and Switzerland, the cheese
industry has reduced outbreaks of food-borne diseases (and especially of raw milk products) by
instituting control measures thanks to Hazard Analysis Critical Control Point procedures (HACCP). The
HACCP is a system adopted by the Codex Alimentarius Commission. It involves the systematic
identification and assessment of hazards and the measures for their control to ensure the safety of
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food. It focuses on prevention rather than end product testing. HACCP programs require critical
multidisciplinary reviews of existing management processes, the establishment of limits via
identification of critical control points, the use of routine surveillance procedures, effective record
keeping, and the documentation of standard processes. In the US, the HACCP plan for the dairy
industry is not required but is promoted by the FDA. Furthermore, the American Cheese Society (a
trade group representing the makers of specialty “artisanal” cheeses) and the Vermont Cheese (an
association which promotes Vermont cheese) advise their members to institute the HACCP.
Improving cheese processing safety can also be done by producing an environment that is
hostile to the growth of microorganisms. Indeed, heat treatment of curd, pH control, the use of
competitive microbial, salt addition, moisture control and control of ripening are commonly used to
manage bacterial growth. “Hurdle technology” takes into account these factors (LEISTNER, L. 2000).
“Hurdle technology refers to the application of a combination of selected “hurdles” to microbiological
growth combined with processing steps that maintain and improve the microbial stability and sensory
quality of foods” (RUEGG P.L. , 2003). RUEGG (2003) describes precisely how to implement “hurdle
technology” on dairy farms. He suggests 7 practical interventions:
1)
2)
3)
4)
5)
6)
7)

Reduce source of contamination of milk
Uniform adoption of milking practices that reduce contamination of milk
Identification of high-risk practices and herds
Perform coliform counts
Reduce national somatic cell count limits
Market only clean and healthy cull cattle with minimal body condition score standards
Responsible antimicrobial usage

The use of “hurdles” to microbial growth is implicit in the primary regulatory document that
governs the production of milk in the United States. The Pasteurized Milk Ordinance specifies the
standards of production, handling, transportation, processing, testing, and sale of milk.

5.3 MONITORING RAW MILK AND RAW MILK CHEESE HYGIENE BY
BIOLOGICAL TESTS
To assess the microbial safety of milk and cheese, microbial testing is essential. In the US, a
range of milk quality assessment measures are undertaken by cheese processors. This includes
microbial measures for Listeria monocytogenes, Salmonella, Escherichia coli and Enterotoxigenic E.
coli (ETEC), Enterohemorrhagic E. coli (O157: H7) and Staphylococcus aureus. However, microbial
testing for Campylobacter spp. is not required. However this pathogen is involved in cheese borne
food poisonings in the US (two outbreaks in 2006 and 2007). Thus, bacteriological tests for this
organism should be introduced to monitor the raw milk cheese hazard.
Raw milk and raw milk cheese have to be tested with high frequency and at a specific point in
the process, depending on the pathogen’s characteristics:
• For listeria: In France, raw milk soft cheese, such as camembert and Brie, undergoes testing
two to three times per month and must be Listeria-free for three consecutive tests before it
is accepted. In addition, each milk tank load is tested, with the ability to trace it back to the
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farms when positive samples are found (SANAA et al 2004), with auditing of hygienic
practices and the testing of individual milk samples with high somatic cell counts (greater
than 300,000 cells/ml).
•
•
•

For S. aureus: Because Staphylococcal Enterotoxins may retain their biological activity even
after S. aureus’s death, testing should be performed as soon as possible after cheese making.
For pathogens that survive during certain cheese making processes, for instance
M.tuberculosis, the microbial test should be performed in raw milk cheese processing.
In Quebec, raw milk cheese is sent in for microbial testing once each month.

5.4 RECOMMENDATIONS
As a final point, suggestions to assure safe raw milk cheese and improve trust are:
• Develop and follow pathogen reduction HACCP plans at all stages of production, distribution
and service to prevent contamination and/or
•

Develop a “Hurdle technology” at all steps of the process to produce an environment hostile
for pathogens

•

Work with the premium quality milk: if possible from the own herd or at least from a single
herd. Cheesemaker should know the milk supplier personally and be acknowledgeable about
dairy operation. An alliance between milk producer and cheesemaker enhances traceability
and trust among processors, cheesemakers and consumer.
Cooling milk rapidly after milking at a specific temperature, depending on the time storage
and the US legislation

•
•

Use raw milk as soon as possible after milking (within 24 hours will be the best, but not more
than 48 hours)

•

Monitor milk and cheese quality through microbial tests (at least for Listeria, Salmonella, E.
coli, S. aureus and Campylobacter) with high frequency and at a specific point in the process

•

To be in accordance with Codex Alimentarius’s raw milk cheese definition, do not heat treat
milk above 104°F. However, if milk is heat treated (in accordance with the US legislation),
heat treatment should be indicated on the label to differentiate raw milk cheese with and
without thermization. This label will help customers understand what they are purchasing.

Through such proposals, artisan cheesemakers and milk producer assert that they
understand, scientifically, the means by which their products may be hygienically produced and that
they are capable of monitoring their own production practices. By working jointly to implement such
methods, they will enhance consumer safety and trust.
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5.5 FUTURE RESEARCH
A full quantitative risk assessment of raw milk cheese requires the availability of extensive
data relevant to each stage of manufacture. These data allow forecasting the impact of changes in
parameters such as pH, the likelihood of the survival of contaminating micro-organisms and the
potential of cheese to cause illness. Thus, it would be interesting to develop a predictive
mathematical model as a tool to forecast the suitability of raw milk cheese based on its
characteristics (such as moisture, acidity, salinity…). The model would take into account models and
studies that are available internationally and use a combination of parameters (such as moisture,
salt, pH and water activity) to determine the likely fate of the specified pathogens of interest.
The model in this way could help to assess the likely degree of pathogen control in a product
with specific processing steps and conditions.
Though the raw milk cheese market remains small, it seems to be evolving rapidly.
Researchers should thus focus more intently on raw milk cheese production and imports into the US,
as well as what kinds of cheeses are involved. This research would more clearly define the market
and would enable the sector to meet customers’ expectations.
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Conclusion

Raw milk cheeses are considered as a safety issue by the FDA since they have been
associated with food-borne pathogens. This report shows that Salmonella spp, Listeria
Monocytogenes, E. Coli and Campylobacter are the major pathogens involved in the US cheese-borne
diseases. But the analysis emphasizes also that the major outbreaks were linked to illegally imported
or homemade Mexican-style soft cheese. Few cases with raw milk cheese commercially
manufactured in the US were involved.
The greatest threat posed to cheese safety is due to environmental contamination. Thus, the
recommendation is to develop safety guidelines that outline good practices from pasture to
packaging and enhance traceability. The proposal advises the use of the HACCP system and the
“hurdle technology” to prevent contaminations and produce an environmental hostile for pathogens.
The proposals includes: to work with the premium quality milk where cheesemaker well knows his
milk supplier ; to use raw milk as soon as possible after milking ; to monitor milk and cheese quality
through microbial tests with a high frequency and at specific steps in the process. Furthermore,
labeling “raw milk cheese” should be exclusively reserved for cheese made from non heat treated
milk as the Raw Milk Cheesemakers’ Association defines it.
Finally, additional management procedures are recommended for consideration that are not
commonly used in the US dairies. These practices will increase milking and cheese making time for
most producers, and require additional skills and experience by milking and cheese making workers
in order to be successfully implemented. However, together these requirements are very important
to control raw milk and raw milk cheeses’ contamination by human pathogens. It is anticipated that
further compliance costs will be faced by these producers and cheese processors in the areas of
auditing farm management and facilities, and additional testing of raw milk and raw milk cheese.
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Additional observations
When raw milk cheese encounters US risk culture
For 8 months, I was in Madison as a foreign student first and then as an intern in the DBIC. I
met diverse people (students, workers, retirees), enjoyed the campus life, the farmers’ market and
especially its cheeses! During this immersion in the USA, my strongest surprise was to see how
people think about food, its production, its nutritional value, its cultural value and the regulation of
its safety. My feeling is summarized by Heather Paxson ‘s sentence “People in United States live in a
Pasteurian World” (PAXSON, 2008).
The case of raw milk cheese illustrates this idea very well. Indeed for many in the US, raw
milk cheese is seen as a potential biohazard riddled with bad bugs that pasteurization and industrial
processing can tame or denature into safe food product. My belief is that in the US, there is a sort of
“hyperhygienic dream” where microorganisms are evil, even in cheese! This explains why there are
so many debates about the safety of raw milk cheese, especially among “food safety” experts in
academia, government and industry. That clarifies also my roommate’s reaction (shared by many
other Americans) when I proposed her to taste 2 raw milk cheeses imported from France (Comté and
Beaufort): “Sorry Gigi, it is not pasteurized, I prefer not to try…”
So, after my roommate’s refusal, I decided to share my cheeses with a couple of friends who enjoy
cooking and eating. They were not used to eating raw milk cheese, but they really wanted to discover
the “true taste of cheese”. Unanimously, the 2 raw milk cheeses were the dinner’s kings!
To me, this example illustrates the American dilemma about raw milk cheese: by focusing on the
health safety, people are missing the pleasure in taste.
Pasteurization kills 90 percent of the microorganisms in milk. But a part of these
microorganisms give to the cheese its gustative richness. To me, even if good cheese can be made
from pasteurized milk, exceptional cheeses can be made only from raw milk: the flavors are so much
more alive and vibrant! I thought this idea was shared by everyone since I was not aware that cheese
could be considered as a “risky” food. Indeed, in France, raw milk cheeses are seen as a traditional
food processed with high complexity of flavors. Often, they are associated to a place, with a specific
natural environment (climate, soil and vegetation) that condition the personality of cheese. We
market them with a sign of vintage and territory called “Appelation d’Origine Controlé” (AOC) (since
July 1st 2009, the French sign AOC has become a European sign called “Protected Designation of
Origin”). Furthermore, our relation with microorganisms is completely different. We see them not as
evil, but as microflora and fauna that helps us to prevent illness. Indeed, as SANDOR and ELLIX (2003)
say “Microbial cultures are essential to life’s processes, such as digestion and immunity. We humans
are in a symbiotic relationship with these single-cell life-forms. Microflora, as they are often called,
digest food into nutrients our bodies can absorb, protect us from potentially dangerous organisms,
and teach our immune systems how to function”.
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During my research about raw milk cheese in the US, I realized that these 2 cultural and
nutritional attitudes have shaped the different regulations set in place by the Europeans and
Americans. As ECHOLS (1998) explains “Europeans citizens tend to favor traditional foods and
minimal processing, while being skeptical of new technologies…In contrast, The Americans have been
more willing to accept new technology but are skeptical of some traditional production processes”. In
other words, the US assumes that ingredients subjected to processing with new technologies will
lead to safe cheese, while Europeans assume that a highly-regulated manufacturing process (like
HACCP and Hurdle technology) will assume the same result. Thus, European cheesemakers who work
with raw milk secure a safe cheese supply by helping good bugs triumph over bad. They work with
and not against, the biochemical nature of milk to facilitate the victory of “good” bugs over “bad”.
This is why I emphasized to develop HACCP plan and Hurdle Technology in my proposal.
Finally, I think American people need to reshape their views about and behavior with
microorganisms: eating raw milk cheese is not as eating fugu fish, it can be perfectly safe and
healthy. Even Pasteur said “I would rather that a child ate bread which had been dragged through the
dirt than to grow up on an over sterile diet”.
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APPENDIX A
Human diseases associated to the consumption of raw milk and raw milk products, their signs,
symptoms and incubation time
Pathogen name

Disease

Brucella spp
Campilobacter spp.

Brucellosis
Campylobacteriosis

Coxiella burnetii
E. Coli spp

Q fever
Enteritis, Haemolytic Uraemic
Syndrome (HUS)
Hemorrhagic colitis
or E. coli O157:H7 infection

E. coli O157:H7

Onset time after
ingesting

Signs and symptoms

Duration

2-5 days

Diarrhea, cramps, fever, and vomiting; diarrhea may be
bloody

2-10 days

1-3 days

Watery diarrhea, abdominal cramps, some vomiting

3-7 or more days

1-8 days

Severe (often bloody) diarrhea, abdominal pain and
vomiting. Usually, little or no fever is present. More
common in children 4 years or younger. Can lead to
kidney failure.
Fever, muscle aches, and nausea or diarrhea. Pregnant
women may have mild flu-like illness, and infection can
lead to premature delivery or stillbirth. The elderly or
immunocompromised patients may develop bacteremia
or meningitis.

5-10 days

Diarrhea, fever, abdominal cramps, vomiting
Abdominal cramps, fever, and diarrhea. Stools may
contain blood and mucus.
Sudden onset of severe nausea and vomiting. Abdominal
cramps. Diarrhea and fever may be present.

4-7 days
24-48 hours

Listeria monocytogenes

Listeriosis

2-6 weeks for
incubation period

Mycobacterium
tuberculosis
Salmonella serovars
Shigella spp.

Tuberculosis
Salmonellosis
Shigellosis

6-48 hours
4-7 days

Staphylococcus aureus

Staphylococcus infections

1-6 hours

Variable

24-48 hours

Streptococcus infections
Streptococcus sp.
Yersiniosis
Yersinias spp.
(Adapted from COOPER et WALKER, 1998)
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APPENDIX B
Outbreaks of Human illness in the US reported to the CDC associated with consumption of cheeses in
which contamination occured before distribution, with onset during 1973/2007
Location

Pathogen’s name

Number of
cases

Number
Hospitlized

Number Type of cheese
Dead

Factors

References

Colorado, 1973

Brucella melitensis

3

3

0

ALTEKRUSE, S.F.
et al. 1998

Texas, 1983

Brucella melitensis

31

14

1

Texas, 1985

Brucella melintensis

9

7

0

Kensas, 2006

Campylobacter

95

7

0

Kensas, 2007

Campylobacter

68

2

0

Unpasteurized Fresh
cheese

Multistate, 1983
:

Enterotoxigenic, E. Coli
O21:H20

170

Unknown

Unknown

Brie/camembert

Illegally imported,
raw milk
suspected
Illegally imported,
raw milk
suspected
Illegally imported,
raw milk
suspected
Environment
during the
manufacture
Environment
during the
manufacture
Unknown

E. Coli

NA

NA

NA

Cheese curds

Unpasteurized Mexican
soft cheese (queso
fresco)
Unpasteurized Mexican
soft cheese (queso
fresco)
Unpasteurized Mexican
soft cheese (queso
fresco)
Fresh cheese

ALTEKRUSE, S.F.
et al. 1998
ALTEKRUSE, S.F.
et al. 1998
ANONYMUS,
2009
ANONYMUS,
2009
MOORE, 1995

Was DC, Illinois, Wisc,
Georgia and Colorado
Same brand of
cheese was
implicated in illness
in connecticut and 3
countries includind
Danmark, Holland
and Sweeden

Wisconsin, 1998

Dairy Business Innovation Center

Post pasteurization
fecal contamination

DURCH, 2000

Page d

Listeria monocytogenes

152

Unknown

52

Listeria monocytogenes

86

Unknown

0

North carolina,
2000
New York City,
2004

Listeria monocytogenes

13

Unknown

0

Mycobacterium
tuberculosis bovis

35

26

1

New York, 1981

Salmonella typhymurium

321

1

2

Mozzarella

Colorado, 1986

salmonella

339

66

0

Uncured cheddar

Multistate, 1989
Wisc, Minnesota,
Michigan, New
York

Salmonella javiana
Salmonella oranienburg

164

15

0

Mozzarella

Northern
California, 1997

Salmonella Typhimurium

110

11

0

Unpasteurized Mexican
soft cheese

Washington
States, 1997
New York, 1981

Salmonella typhimurium

54

5

0

Staphylococcus aureus

16

11

0

Streptococcus equi
Streptococcus
zooepidemicus

16

5

3

Unpasteurized Mexicanstyle soft cheese
Hand pressed direct set
cheese
Unpasteurized Mexican
soft cheese (queso
fresco)

Multistate 1985 :
California, Texas
California, 1985

New Mexico,
1983
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Mexican soft cheese
(queso fresco)
Mexican soft cheese
Mexican soft cheese
(queso fresco)
Unpasteurized Mexican
soft cheese

Improper
pasteurization
Improper
pasteurization
NA
Illegally imported
Raw milk
suspected
Improper
pasteurization
Improper
pasteurization
Post
pasteurization
contamination:
environmental
sources or by
infected
production
worker.
Contaminated
raw milk
Contaminated
raw milk
Improper
pasteurization
Raw milk

ALTEKRUSE, S.F.
et al. 1998
LINNAN et al.
1988
MACDONALD et
al., 2005
WINTERS et al. ,
2005
ALTEKRUSE, S.F.
et al. 1998
ALTEKRUSE, S.F.
et al. 1998
HEDBERG et al.
1992

BOBY S.H. et al,
1999
RODRIGO, C. et
al. 1999
ALTEKRUSE, S.F.
et al. 1998
SHARP, JCM,
1987
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