The Raw Milk Beat Goes On: A Look at the Literature and the 60-Day Raw Milk Cheese Aging
Rule

Introduct ion

Some say raw milk cheeses are being beat-up by US regulators thisyear. Indeed, if therewasa
Food Safety Zodiac, 2010 would be the ¥ear of the Cheese (shdl eggs a close second). Whatever
the underlyirg explanation, the number of cheese-related illnesses and recalls in 2010 appears
unprecedented. While covering these events my blog has been inundated with comments
expressing outrage at FDA and state regulatorsfor raw milk cheese "crackdowns.” The
commernts rarg e from fringe screams about food Mazis and fascists to thoug Rtful and
informative discussions about the microbiology of raw milk cheeses and implications for food
safety and quality.

Tami Parr of the Pacific Morthw est Cheese Association portended regulatory chargesthat may
affect the fate of raw milk cheeses on her blog earlier last morth. Interestingly, she linksto a
1997 memo that recommended FDA re-examine its B0-day aging process for hard cheeses
madefrom raw milk. No chamngeswere madeto therule at thattime, but clearly the issue of
aged raw milk cheeses and food safety (s not new, asshown inthe timeline below.

Tolook at the issue closer, this paper provides an overview of the historical cortext and
timeline of raw milk cheese regulationsinthe U5, and examines the sate-of-the-science
surrounding the &0-day aging rule established by FDA.

Historical Perspective
Timeline of Key Studies and Reguwlatory Changes for Cheeses Made from Row Milk

1941-1944:; Typhoid fever epidemics are linked to cheddar cheese madefrom raw milk in
Canada; outbreak-related Salmonelia typhi strains are recoverad from 30-day-
old cheese, but not from 48- or 63-day-old cheese resulting in Alberta, Canada
halting the sale of raw milk cheesz unless ripened for at least 90 days (Marth
19E0).

1946: Brucellio abortus isfound to survive in cheddar cheese made from raw milk for
up to & months depending on initial inoculation level, but the authors of the
study concludethat cheddar cheeseisnot a proven carrier of undulart fever (the
human disease caused by B. o bortus), PAmico [20083a) sugg eststhat this study,
combined with the earlier data on typhoid fever llnesses not attributed to
cheese cured for more than 63 days, is the likely origin of the 80-day curing
period inthe USs, However, subsequent reports inthe 1940°s show extended
survival of Mycobacterium tuberculosis (=100 days), Salmonelio typhi (3-10
rmonths), and hemolytic Streptococcus (=100 days) in cheddar cheese (DrAmico
2008a).



1950:;

1960°s:

1987

1973-1992:

1996:

2002;

FD& promulg ates regulations (21 CFR Section 133) requiring that cheesemakers
use pasteurized milk, or cure the cheesefor no lessthan 60 days at a
temperature greater than 35°F, According to "Amico [2008a), there are over 30
ratural cheesesthat can be made legally from raw milk inthe US under this rule,

Additional challemnge studies show survival of pathogens includirg Salfmonello
enterica subtype Typhimurium beyond the 80 day curing period [Goepfert 1968);
Salmonelln typhiis found to survive in stirred curd granular cheddar cheese for
150-180 days when held at refrigeration temperatures (Hargrove 1969).

Murmerous foodborneillnesses are linked to commearcial fluid raw milk including
22 deaths from Salmonell Dublin infectionsfrom 1971-1975 (Werner 1979).
This prompts a Citizer s Petition and federal judzge’s ruling that ordersthe FDA to
ban fluid raw milk and milk productsfrom interstate commerce (21 CFR Section
1240.61). Theregulations allowirg cheesemakers to sell cheese made with raw
rilk if cured for 80 days at a temper aturegreater than 35°F remain in place (21
CFR Section 133).

COC reviews reported outbreaks and illnesses from raw milk (Headrick 1998) and
cheeses made from raw milk (Altekreuse 1998). During thistime, there were 32
reported cheese-associated outbreaks and 58 deaths butthe authors conclude
that “If current Food and Drug Administration sanitary requirements for
cheesemaking had been met, these outbreaks would have been preventable. ”
They go onto say: "Curing cheesas kills most bacteria presert in cheeses;
however, evidence from sources other than the COC Foodborne Disease
Outbreak Surveillance System suggeststhat curing alone may not be a sufficient
pathogen cortrol step to eliminate Salmonella, Listeria, and E. coli O157:H7 from
cheegse”

Researchers at South Dakota S5tate University publish a sudy showing that &0-
day aging islargdy ineffectual in reducing levels of E. coli O157:HT in cheddar
cheese, FDA then asks the Mational Advisory Committee for Microbiological
Criteria for Food (NACM CF) to re-examine the literature on the efficacy of 60-day
agimg. Inamemoto FDA, the committee states: "the sikty-day agirg process for
hard cheesa is questionable as an effective measure in support of the public's
health.”

Health officials from Alberta, Canada report an outbreak of E. coli Q157:HT7
hermaorrhagic colitis associated with Gouda cheese madefrom raw milk (Honish
2005). Intheir paper, the authors suggest that Canada re-evaluate the federal
regulationsfor aging of hard cheeses made from raw milk.



2004; I an interview with Food Safety Magazine, FDA officials state that they are
developing a "risk profilefor raw milk cheeses, which will aid inthe Agency's
assessment of the requirements for processing these cheeses,” based, in part, on
the report by the NACM CF and other recent research sugg esting that &0-day
aging may beinsufficient to protect the public's health (Sheehan 2004),

2006: Schlesser and colleagues report resultsfrom a study of E. coli Q157:H T survival in
cheddar cheese made from raw milk, and corfirm previous reports questioning
the efficacy of 60-day agirg to eliminate E. colf Q157 HT during cheese ripenirg.

2008:; rAmico and colleag es determine that the 60-day aging requirement does not
ensure safety of surface-mold-ripened soft cheeses manufactured from raw or
pasteurized milk when Listeria monocytogenes is introduced as a postprocessing
contaminamt. The authors conclude that "the safety of cheeses of this type must
be achieved through control strategies other than aging, and thus revision of
current federal regulations is warranted.”

2010: Accordirg to press quotes, FDA officials are conducting a natiorwide survey of
cheese safety with a focus on Listerio mo nocptogenes cortamination. Motably,
this survey encompasses both raw and pasteurized cheese products from large
and small cheesem akers.

In Movember, the COC reports 38 illinesses from Gouda cheese made from raw
rmilk and aged for 680 daysin accor dance with regulations (CDC, 2010).

A study inthe December 1, 2010 issue of the Journal of Food Protection
docurments survival of E. colf O157:HT in aged Gouda and stirred-curd cheddar
cheese (D"Amico 2010), The authors concludethat "the &60-day aging
requirement is based on decades-old research indicating that Brucello abortus is
eliminated in cheddar cheese alone isinsufficient to completely eliminate levels
of wiable E. coli O157:HT in Gouda or stirred-curd cheddar cheese manufactured
from raw milk contaminated with low levels of this pathogen.™

Definitions

Beforeembarking on a discussion of the 80-day curing criteria for cheeses made from raw milk,
itis important to understand the definition of cheese styles and differences in regulation.
Cheess was originally developed by human societies as a method to preserve milk. [nthe US,
cheeses are usually made from cow's, goat’s, sheep's, or buffalo’s milk. Amorg 72 different
cheese and cheese product types defined in 21 C.F.R. Part 133, the FDA allows only a limited
number of cheese types to be madewith raw milk so long as the cheese s cured at a
temperature of not less than 35°F for not lessthan 60 days. The Raw Milk Cheeserm ak ers’
Association adds an additional criteria for low-temperature (thermised) heat treatment of raw
milk cheese: “Cheesa produced from milk that, prior to setting the curd, has not been heated
abovethetemperature of the milk (104°F, 40°C) at the time of milking and that the cheese



triple crémes

Semi-woft cheesas

Yas

blue cheeses, colly, fontina
sty les, havarti and Monterey
Jack, washed rind cheeses

Firm/hard cheeses

Yog

gouda styles, most cheddars,
dry jack, Swiss [Emmerthaler)
sty les, Gruyere styles, marny
"tomme” syles and Parmesan

sty les

Blue cheasos

Yo

French (roquefort), [talian
(gorgonzola) and Danish blue
sty les

Pasta Filata cheasas

Matural orwashed rind
cheasas

Mo

Yas

Italiam sty le Moz arella,
Provolone, and Scamorz a
French Tomme de Savoie and
mMimolette, aswell as the
English Stilton (also a blue), and
Lancashire cheeses (natural);
Epoisses, Livarot and Taleggio
[washed)

Processed cheasos

Mot applicable

Armerican Cheese, processed
cheese spreads, and "cheese
flavored” spreads




The regulation of raw milk cheeses in Australia and Mew Zealand hasbeen an area of intense
controversy in recent years, Australia bans all domestic raw milk cheeses, but allomws
importation of certain cheeses—Roguefort, Gruyere, Sbrinz, Emmental—from Europe and
Switzerland provided they are aged 90 days and meet European safety standards (Standard
4.2.44), Domestic cheeses must be "thermised” by using a low temperature heat treatment
followed by aging for 90-days.

Epidemiology

The epidemiology of cheese-related outbreaks has charged inthe US since the 80-day aging
rule was established in 1950, The studies conducted inthe 1940°s that presumably  provided
the basis for the rule were based on diseases such asTypoid fever, an infection transmitted by
hurman carriers. Today, most of the cheese-linked illnesses are due to zoonotic enteric
pathogens carried by ruminants including Compplobacter, E. coli O157:HT, Listeria

mo mocytogenes, and Salmonella. L monocptogenes (s also a ubiquitous inhabitant of the dairy
erironmernt. Table 2 shows some of the major pathog ens that may survive in cheese even
after aging.

Internationally, dairy-related outbreaks are relatively uncommon in developed countries, but
an esimated 11.8% are attributed to cheeses made from raw milk (FSANZ 2006). Foodborne
dizease outbreaks have been reported in all countriesthat allow raw milk cheese including
Francewhere raw milk cheeses are popular (Desenclos 1996; Desenclos 1996; Delalk 2000;
Dominguez 2009; Haegg hebaert 2003; Ostyn 2010). The most recert published review inthe US
examined report ed cheese-related outbreaks and linesses from 1973 - 1992 (Altekruse 1998).
Fresh M exican-style cheeses (for example, gueso fresco) were the most frequerntly implicated
vehicle and caused 56 of the 58 deaths described inthe review; the other 2 deathswerelinked
to improper pasteur iz ation of Mozzarella cheese,

Table 2. Bacterial pathogens that can survive in cheeses aged for 60 days.



E. coli 0157 and 2-8 days 5-8 days some Diarrhiea (often Fournd in healthy
other pathog enic patients develop | bloody), cramps, | dairy animals
E. coli kidney disease sometimes [ow-
or otherlorg- grade fever
term
complications
Listeria 3 - 70 days Variable Septicemia, Found in healthy
mo nocytogenes [average 3 depending on rranl agitis, dalry animals
weeks) asceptibility; intra-uterine and the dairy
Death rate in infectionsin processing
patientswith [preg nant e | ronm ent
meningitis as wormen with
high as B0%; sportaneous
septicemia as abortions and
high as 50% dillbirths
Mycobacterivm 4-12weeksto | Years may Pulmaonary and Systemic illness
bowis postive persig lifetime extra-pulmonary | in cattle;
tuberculin test; aslatent disease transmitt ed
1-2 yearsfor irfection throug b milk
systemic and aerosals
irfection
Salmonelio 6 — 48 hours 2-8 days; some | Diarrhea, Some strains
enterica patierts develop | nausea, cause llnessin
lorg-term vomiting, dairy animals
complications cramps fever
including
arthritic disease
salmonella typhi B-14 days Varlable;, case Fever, cramips, H urman carrlers

fatality of 10-
20% without

diarrhea,
anorexia




artibiotic

treatment
Sto phylococcus 2-4 hours 1-3days Vamiting, Animal and
erterotoxin fausea, humanm carriers;
cramping toxin produced
following

growth in afood

The problem with fresh, soft cheeses s ongoing and most often associated with use of
inadequately pasteurized milk and crosscontamination inthe processing environment (COC
2000; CDC 2001; CDC 2008 ; CDC 2009; Cody 1999: MacDonald 2005; Villar 1999). Listeria

mo mocytogenes and Salmonella are pathogens mos often found in fresh Mexican-style soft
cheeses as reviewed previously (Marler, 2009). Over the last decade, there have been only two
deaths from cheese madewith raw milk; both occurred in 2003, and were due to consumption
of cortaminated fresh (un-aged) queso fresco Mexican-style cheese [CDC OutbreakNet).

In contrast, outbreaks and illnesses linked to 60-day ag ed cheese are relatively rare despite
microbiological evidence of pathog en survival inthese cheeses (Altekruse 1998; D'Amico
2008h; OFAmico 2010; Donmelly 1990; Jaros 2008 ; Reltama 12996, Schlesser 2006). Reszarchers
from the University of Vermont have speculated that the relative paucity of outbreaks and
ilinesses associated with 60-day aged cheese may be due to 1) a low contamination level in milk
used for cheesemaking or 2] alterations in virulence of pathog ens within the cheesa matrix
(C*Amico 2010

However, there arenotable ecceptions including E. cof O157:H7 outbreaks linked to cured
Gouda cheese in Canadain 2002 (Honish 2005) and the US in 2010 (CDC 2010). Inthe latter, at
least 38 caszes have been linked to consumption of Gouda cheese made with raw milk and
presumably aged for B0-daysin accordance with FDA regulations. The CDC summarized
findingsfrom the ongoing investigation in a Movember 24, 2010 report:

http:/fwww . cdeg ov/ecoli/ 2010/ cheesel 157/ index. htmil

The Appendix at the end of this report summarizes reported cheese outbreaks during 2010,
Since February, there have been 14 chesse-related events including 7 aged raw milk cheese
recalls (4 from the same cheesemaker) with 38 ilinesses linked to one plant in California; 1 raw
milk cheese embargo in Minnesota; 5 recallsin 4 sates due to contaminated comimer cial gueso
fresco and other soft Mexican-style cheeses made using pasteurzed milk including 5 ilinesses
linked to a cheesemaker inWashington state; 1 imported pasteurized cheeserecall; and at least
3 sporadic illnesses dueto llegal Mexican-style cheeses, Six pathog ens have been irmvolved
including Brucella, Campylobacter, E. coli O157:H 7, Listeria monocytogenes, nor-0157 shiga
toxin-producing E. coli, and Stophylbcoccus aureus,

Microbiology
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= molsture
= calt content

= acidity
* temperature
= humidity

*  redox potential
*  cheese microbial flora including starter culture (microbial community)

Individually and in combination, thesefactors can have significant impacts onwhether a
foodborne pathog en survives or grow s in cheese during curing. The efectiveness of these
natural processes s ultimately dependent on the initial contamination level of the cheese, A
high inoculum of a pathogen, especially one with a low infectious dose, will overwhelm these
control systems. The soft and semi-soft surface-mold-ripened cheeses are at the greatest risk
of cortamination due to their higher pH and moisture contert (D°Amico 2008a).

The presence of pathogens in milk used for production of raw milk cheeses represents a risk for
consumers, Oliver (2009) reviewed the literature on pathog en prevalence in US bulk tank milk
and found these levels.

« Compwlobaocter: 2—-9.2%

o [ ol QI5THT:0-0.75%

= [isteria mo nocptogenes: 2.8 - 7.0%
= Salmonelo spp:0—11%

*  Shiga-toxin £, coli; 2.4 -3 96%

*  Yersinio enterocolitica: 1.2 - 6.1%

Crarmico (2008h and 2010) surveyed milk used to produce small-scale farmstead cheese in
Vermont and found an overall low level of contamination, but documented variations from



farm-to-farm Indicating that some operations practice strict lyglenic cortrolswhile other need
improvement intheir food safety practices.

Experimental studies of the behavior of pathogens in aged cheose show mixed results (Fark
1970; Park 1973; Frank 1977; Bachimann 1995; Back 1993; D'Amico 2008a; "Amico 2008k;
CrAmico 2010; Govaris 2002; Marth 1969; Reitsma 1996; Schlesser 2006), The sudies are
difficult to compare because of different experimental methods, and variations in how the
cheese was manufactured for the experiments. For example, Reitsma (199 6) found viable E.
coli O157:HY In cheddar cheese at 158 days, but used pasteurized milk in their comparisons
Schlesser (2006) inoculated cheddar cheese with a 5-strain E. co i O157:H 7 cocktail and
demonstrated an inadequate reduction at 680 days (1 log) and 120 days (2 logs); in contrast,
heat treating the milk resulted in a 5-log reduction. D'Amico (2010] examined the behavior of
E. coli D157:HT in aged Gouda and stirred-cured cheddar cheeses manufactured from raw milk
andwas ableto recover viable cells for morethan 270 days in both cheese types using selective
enrichment.

Listeria mo nocytogenes can be a pervasive problem inthe dairy processing emvironment, There
isevidence that L momocytogenes can survive aging in both pasteurzed and surface-mold-
riperied cheeses if the pathogen Is introduced post-processing (DPAmico 2008k). These findirgs
underscore the importance of hygienic practices at cheesemaking facilities regardless of
pasteurization status, D'Amico (2008a) provides a more comprehensive review of
experimental studies usirg different pathogens and cheese types.

Producing Cheese Safely

Unlike fluid raw milk producers who have been the subject of intense conflict with regulators
for many years, artisanal and specialty cheesemakers that use raw milk have mairtained a
relatively good relationship with state and FDA regulators inthe US, According to their
website, the American Cheese Society (ACS) shares resourcesto help producers adeqguately
preparefor audits and inspections and work collabor atively with state regulators and the FDA,
The recent increase in FDA inspections and Listerio testing of soft cheeses and cheesemaking
facilities has no doubt caused tensons between cheesemakers and regulators The Mew York
Times reportsthat FOA inspectorsvisited 102 facilities beginning inApril 2010, including both
large and small cheesermakers. They found Listeria in the facilities of 24 cheesemakers and
more than half were small, artisan-scale operations

While these finding s are a cause for concern and have resulted in at least one major recall,
fortunately, cheesamaking assoclations such as the ACS have an infrastructureto address food
safety. For example, the ACS advises their members to:

# take part in orgoing food safety education
* follow a HACCP plan



regularly conduct their own product and ervironment testing
mairtain accurate and up-to-date records

seek third party certification

bulld relationships with local reg ulators

Conclusions

Artisanal raw milk cheeses are distributed around theworld and revered by fans for their
unigque sensory characteristics aswell asthe art and tradition of making these cheeses,
Cheeses, especially fresh and soft or semi-soft styles, are susceptible to cortamination with
pathogens such as Campylo bacter, £ coli O157:H7, Listerio monocytoge nes, and Salmonelio .
Courtries whereraw milk cheeses are populartake different approaches in their reg ulations.
Experimental and epidemiological evidence sugg eststhat the 80-day aging rule used inthelJs
and Canada is not afall-safe approach to cheese safety, which has prompted the FDA to re-
evaluate the efficacy of the rule and conduct a national survey of cheesem akirg facilities.

There are at least four potential outcomes that may result from FDA s recent actions: 1) a ban
o all cheesas made from raw milk, 2) an extension of the 60-day aging period to 90-days or
lorg er depending on evidencefrom the literature, 3) adoption of a European-type approach
with intense regulation of animal health and hygiene during processing, but no agirg rule, or4)
no change inthe B0-day aging rule inthe LS,

While the future of the 80-day aging rule for cheeses madefrom raw milk inthe US remainsto
be determined, the openness of cheesemakersto working with state and federal reg ulatory
agencies will hopefully foster a sclence-based approach to cheese safety that both protects the
public's health and preserves the unigue characteristics and tradition of artisanal cheeses,

APPENDIX

Dutbreaks, illnessas and recalls linked to cheesas made from raw [(unpasteurized) and
pasteurized milk, United 5tates, 2010 [through November 2010)

Year | Month | Location | Pathogen Number | Vehicle® Comment Reference
il

[click on
lirik)

2010 | Feb WA Listeria 5 Cueso Pasteurized

monocytoge nes fresco milk used to
FDA
cheess make the
cheese




2010

Feh

WA

Listeria
monocytoge nes

Various
rawe rmillk
cheasas

B0-day aged
raw rmilk
cheeses
from
Mortesano
plart

FDA

2010

Mar

WA

Listeria
monocytoge nes

Tamme
raw millk
cheass

Expanded
recall of &0-
day aged
raw rmilk
cheeses
from
Mortesano
plart

-n
=
=

2010

Apr

WA

Listeria
monocytoge nes

Queso
fresco
cheasm

Pasteurized
milk used to
make the
chease;
recall with
na illnesses
reported

FDA

2010

i ay

MY

Co mpylo bacter

legal

el exican-
sty le
cheass

Typeof milk
used to
make the
chease
unknown

‘Washoe

2010

ol ay

MM

Shiga toxin-

producing E.
coli

Raw milk
cheasa

Mon-0157
found in
dairy's
embarg oed
cheese
durirg raw
milk
outbreak
irnestig ation

i

MDH




2010 | lun DE Brucella and Raw dairy | Two
Listeria products separate
monocytoge nes including incidents DE DHHS
cheess
2010 | Jul Pa Staphybcoccus Raw milk B0-day aged
aureus hard cheese;
cheddar recall with
cheass noillnesses | poA
reported -
2010 | Jul MY Listerio Oueso Pasteurized
manacytoge nes fresco miilk usad to
chease make the
cheese; NY AGMET
recall with
no illnesses
reported
2010 | Aug Ri Listerio Ciueso Pasteurized
monocytoge nes fresco milk used to
cheess make the Bl DOH
chease;
recall with
no il nesses
reported
2010 | Aug Multiple | Listeria Raw milk 60-day aged
monocytoge nes Cheese raw rmiilk
and cheese from MO AG
Staphybcoccus plant in
aureus i ss0uri;
recall with

na il nessas




2010

Sep

WA

Listeria
monocytoge nes

Raw milk
cheeses

Expanded
recall of &0-
day aged
raw milk
cheeses
from
Montesano
plant

FDA

2010

Oct

WA

Listeria
manacytoge nes

Raw milk
cheaszs

Expanded
recall of &0-
day aged
raw rmilk
cheeses
from
Mortesano
plant

LS AG

2010

I g

AZ, CA,
O, NM,
Ny

E coliQ15T:HT
and Listeria
monocytoge nes

38

Raw gouda
cheasg;
other
cheases

B0-day aged
gouda; E.
coli
outbreak
linked to
Costco
"Chease
Road Show;™
recall
expanded to
all compary
cheeses on
11/17/10;
no Listerio
illnessas
reported

[
(]




2010 | Mo co E coliQO157:H7 |0 Gorgonzola | Cheesa
cheese imported
from Italy, FDA
made from
pasteurized
miilk; Ao
illnessas
reported
2010 | Mo WA Listeria 0 Fresh rade from
momnocytoge nes (Cueso pasteurized
and milk; no FDA
ricotta) ilinesses
Pl exican- reported
sty le [previous
cheeses recall from
same plant
ir April
2010
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