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2001

2004

2007

ALst Salmonella Outbreak

(2000/2001)

A Engaged with Experts

ABegan Salmonella survey
(Now have 10 years of
data)

A Began exploring microbial
reduction processes

Alduly i 1st Food Quality &
Safety Symposium

APPO Validation submitted
to FDA

Al ethality Research
Expanded (2002-
2007)

ASurrogate
Development Work
Initiated (2002-2007
Al mond GAI
Launched

(n

And Salmonella Outbreak
AMBC Approves
Pl ano cadogi ng
reduction of Salmonella
Airst Risk Assessment
(2005) i Supported 4-log
performance criteria
ARegulatory language
drafted
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AnUnl ess we move quickly to
approved pasteurization technologies, we run the very
real risk of committing inexcusable injury to our product
and our consumers, and will inevitably invite the forced
regulation of our industry, precisely what the Action Plan
strives to avoid.o

Martin Pohl i Sept. 22, 2005
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2001

2004

2007
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ALst Salmonella Outbreak

(2000/2001)

A Engaged with Experts

ABegan Salmonella survey
(Now have 10 years of
data)

A Began exploring microbial
reduction processes

Alduly i 1st Food Quality &
Safety Symposium

APPO Validation submitted
to FDA

Al ethality Research
Expanded (2002-
2007)

ASurrogate
Development Work
Initiated (2002-2007
Al mond GAI
Launched

(n

>
|

And Salmonella Outbreak
AMBC Approves
Pl ano cadogi ng
reduction of Salmonella
Airst Risk Assessment
(2005) i Supported 4-log
performance criteria
ARegulatory language
drafted

Avandatory pasteurization
rule submitted to USDAT
referendum passed (2006)
AContinued lethality /
surrogate research

AV User Program
Developed

Astakeholder outreach /
Program requirements
developed

ASeptember 2007 i
Effective date of Aimond
Mandatory Treatment
Program for Salmonella
Reduction
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Process Validationsi 2007 to Present

Process Active Since Program

Start (2007)

Blanching 20 49
Dry Roast 25 83
Oil Roast 62 139
PPO 13 25
Moist Heat

49 95
Other 1 9

Total 170 400




From Past to Present: The Evolution q
Food Safety Management and Food
Culture in the California Almond Ind

Han Cher, Tim Birmingham, GuangweiHuang, Linda J. Harris,
YaohuaFend”

1 Department of Food Science, Purdue University, West Lafayette, IN 47906, USA
2 The Almond Board of California, Modesto, CA 95354, USA

3 Department of Food Science and Technology, University of California, Davis, CA 95616, USA
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2001 Salmonella 2004 Salmonella Implementation of a

outbreak outbreak mandatory

associated with raw| | associated with raw| | Salmonellacontrol

whole almonds whole almonds program for

(S.Enteritidis PT30)| | (S.Enteritidis PT 9c)| | California almonds

# of illness: 168 # of illness: 47 Industry gold

standard for food
safety and quality

e i i )
2001 2004 2007
\ )
|

Developing and implementing various food
safety controls for the almond industry

2~ FURDUE



Objectives

Showcase the evolution of food safety management and culture in the Califorpia
almond industry and identify key factors contributing to these changes.

2~ FURDUE



Multitaceted methods

ABCOs di s
and actions in
addressing food
safety issues

ReaHlime public
discussions and
comments
surrounding the two
outbreaks and the
mandatory
Salmonellacontrol

program

2~ FURDUE

c us Study & ABC food

G

safety committee
meeting minutes and
action plan updates
review (N=134)

Study 2 News article
analysis (N=100)

Study 3 Interviews
with experienced
individuals who were

involved in the almond

iIndustry in the early
2000s (N=11)

Study 4 Interviews
with current food

safety managers from

almond processors
(N=15)

| ndi vi duy
experiences and
perspectives on the
food safety culture
evolution

=

Current food safety
landscape in the
almond industry and
assess the impact o
previous efforts




Prior to 2001: The uncharted land

A Basic level of food safety awareness,

not specific to almonds GAt that point in time, it was aguality
mentality, not a food safety mentality.
A Basic food safety practices Generally, therewasn't the mindset that
implemented to meet federal you could eat al mo
regulations (Study 3, Process Authority)

2001 2004 2007

2~ FURDUE y



The first outbreak in 2001.: The first sign of micrc

Full Text | Newspaper

Bulk almonds recalled over contamination fears
Picard, André. The Globe and Mail; Toronto, Ont.. 22 May 2001: A.8.

2001 Salmonella
outbreak
associated with raw
whole almonds
(S.Enteritidis PT30)
# of illness: 168

Outbreak traced back to
one almond processor,

one huller and sheller,
and three growers!

2001 2004 2007

Full Text | Newspaper

Recall of nuts and snacks: [Final Edition]
Daily News; Prince Rupert, B.C.. 20 Apr 2001: 16.

22 EHRDVE. (source: 1. Isaacs et al. 2005) e 1




Vvaried reactions to the 2001 outbreak expressec

Scared dt scaredthe bejesus out of me,
you know, Salmonella, | need to
get educated on that 0

@ (Study 3, Industry Member)

/ \

B®-®

Shocked Concerned

A Risks and sources oSalmonella
A Industry reputational damage

2~ FURDUE
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Different views within the industry

oPeopl e were kimat o0$
their problem 6 6

(Study 3, ABC)

The industry should act
on the issue

Is it necessary?

ol'he industry kind of looked at the
Al mond Board amd)said, ofix this

(Study 3, Process Authority)

2~ FURDUE



Almond Board of California took the lead in resp

Developed various food safety
resources and materials (e.g.,
GAPs and GMPs)

Initiated and funded various
research projects

Ongoing meetings with industry

h | .
Engaged with regulatory agencies Members

2001 2004 2007

ol 't was @&aasdarnytinteh @ec odude ofojudr e

coll ecting data, and youl dono
information that you need to make all the decisions
you finally need to make|. 0

E PURDUE (Study 3, Consulting and laboratory service company)
UNIVERSITY.




The second outbreak in 2004. The confirmed tht

Che New Nork&imes  https://www.nytimes.com/2004/05/29/us/raw-almonds-are-recalled-after-
reports-of-salmonella.html

2004 Salmonella
outoreak Raw Almonds Are Recalled After Reports Of
associated with raw Salmonella

whole almonds |

(S.Enteritidis PT 9c) oz

# of illness: 47

I —

2001 2004 2007

Outbreak of Salmonella Serotype Enteritidis Infections
Associated with Raw Almonds --- United States and
Canada, 2003--2004

E PURDUE On June 4, this report was posted as an MMWR Dispatch on the MMWR website (http://www.cdc.gov/mmwr).

UNIVERSITY.




The outbreak gave a sense of urgency to take a

df there are two outbreaks with
the same commodity, they are
likely to beanother until we
can put somet hiwy

Perceived the

urgency to act
OThere wer emaller Not of t he

handlers and growerss hat arenadt
tune with all t hi]s . real |
under stand t hat hi s f or r

0-6

Still in doubt Less surprised

(Study 3, Regulator

(Study 3, Process Authority

2~ FURDUE



ABQushed for indussyecific food safety prograr

ol t was stepping uptthe workove were doingith other
companies, manufacturers, as well as researchers, and
government authorities to really start determining what steps and
procedures we could put in pl

C €

(Study 3, ABC)

2~ FURDUE »



ABC Increased efforts to improve food safety

Various research efforts Technical Expert Review

tinued and ded || Panel (TERP) established || Mandatory
continued and expande anel ( ) establishe Salmonelia
Continue updated food safety|| Continue engaged with control program
resources and materials regulatory agencies rule-making

2001 2004 2007

In June 2004, a voluntary action plan was approved to
treat all raw almonds entering commerce to reduce the
risks of Salmonellacontamination.

=4
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Developing a manaatory Salmaoalla/ program

Extensive

discussions and avaiclzjbﬁﬁtmtgfar;g or Getting industry
debates throughout y OT Prop members on board
treatment

the rule-making
process

technologies and prepared

ol think the chall enge with an I ndustr
buy4. n and commit ment to do somet)hing dif
little more effort, extra time, extra information, and extra data.

(Study 3, Regulator)
277 PURDUE




Efforts brought more industry members on boar

Ongoing research

Ongoing efforts

Extensive industry outreach and engagement

2~ FURDUE



Efforts brought more industry members on boar

The two most influential activities highlighted
Public meeting involving regulator and epidemiologist

Ongoing research OHe scared me. But | think he woke us all up. We needed
to have that awydudan'tfirthi® h e
problem, we'll fix it for you, and you likely won't like it 6

(Study 3, Industry Member)

Video of affected processors of the first outbreak

ol'here was a video taken of the processor talking about
Extensive industry outreach and engagement the whole experience of the outbreak, and the lessons
that were learned along the way. | think that's what
convinced a number of the people in the industry that
this is a problem we all have to face now 6

47 PYRDUE sy 3, A2C)



A manaatory Sa/mmeﬂatm/ program went into
effect on Sepz‘embe,r2007

Implementation of a mandatorySalmonellacontrol program for California almonds:

OAll almonds sold in the U.S., Canada, or Mexico are required to be treated to
achieve a minimum 4log reduction in Salmonella before shipment, unless they are
sold to a boardapproved manufacturer who has validated treatment to achieve the
desired log reduction 0

)

2001 2004 2007

2~ FURDUE



Post2007: Program compliance

Mandatory Salmonellacontrol program:
Compliance verification

dWe were set up quite well for FSMAVe
were already there, and we were ahead of
the other nut industries because we had

the kill step. 6
(Study 3, Industry Member

signed into law

| 1n 2011, FSMA

. , -
2001 2004 2007

In 2019, the FDA exercised the
enforcement discretion of FSMA PSR for
almond growers, hullers, and shellers.

E PURDUE

UNIVERSITY.



Inaustry mentality change towards food safety

Deeper
understanding of
the microbial risks

Improved food
safety management

Heightened food
safety awareness

2~ FURDUE
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Two most significant contributing factors ariving
Improvements in food safety management syste

[ABCﬁs Ieadeszhi p in

[ The two outbreaks ] oroactive actions

oCertainlyrepeated outbreaks, large numbers of
illnesses, increased scrutiny by government
regulators the industries shifted in how they
viewed food safety as a prioritg.

QAll the work that the Almond Board has done
has been outstanding I've seen the industry
change the attitude on f

(Study 3, Process Authority)

(Study 3, Regulator)

2~ FURDUE



Remembering the journey

QA lot of the people who were involved in this
Initial process are getting towards retirement
age. So, hopefully, thaawareness of what
happens if you dondt
practices in mind is there and is continued in

future generations 0

We have come
a long way! (Study 3,Consulting and laboratory service

company)

2~ FURDUE 2



Significance

Future generations of
almond growers and
producers

A Preserve the remarkable history and keep the lessons
from past outbreaks

A Provide example for industrdriven food safety

Other industry sectors improvements and selregulation

Researchers and A Demonstrate the dynamics and complexity of cultural
government agencies transformation

2~ FURDUE



Acknowledgment

This work is supported by the Agriculture and Food

Research Initiative, Sustainable Agricultural Systems (/ Call ornla
Program grant no. 202668012 -31822 from

the USDA National Institute of Food and Agriculture a monds

G\ MICHIGAN STATE UNIVERSITY

Center for Low-Moisture Food Safety

w About Stakeholder Advisory Group Opportunities Diversity, Equity And Inclusion Contact
P
_

The USDA NIFA-funded Center for Low Moisture Food. Safety
conducts research, education and outreach on.food safety

. : systems and solutions to improve public health and economic
United States Department of Agriculture

outcomes.

National Institute of Food and Agriculture

E PURDUE

UNIVERSITY. 29



References

1.Isaacs, S., Aramini, JCiebin B., Farrar, J. A., Ahmed, R., Middleton, D., Chandran, A. U., Harris, L. J.,
Howes, M., Chan, E., Pichette, A. S., Campbell, K., Gupta, A., Lior, L. Y., Pearce, M., Clark, C., Rodge
F., Jamieson, F., Brophy, I., & Ellis, A. (2005). An international outbreak of salmonellosis associated
with raw almonds contaminated with a rare phage type of Salmonella Enteritidleurnal of Food
Protection 68(1), 1916198. https://doi.org/10.4315/0362 -028x-68.1.191

2.Centersf or Di sease Control and SaimaellasarotypebEmteritidlsO 0 4 .
infections associated with raw almonds-United States and Canada, 20032 004 . 6 Retr i e
September 24, 2024, fromhttps://www.cdc.gov/mmwr/preview/mmwrhtml/mm5322a8.htm

2~ FURDUE


https://doi.org/10.4315/0362-028x-68.1.191
https://doi.org/10.4315/0362-028x-68.1.191
https://doi.org/10.4315/0362-028x-68.1.191
https://doi.org/10.4315/0362-028x-68.1.191
https://doi.org/10.4315/0362-028x-68.1.191
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5322a8.htm

PURDUE UNIVERSI1

PHILIP E. NELSC ©
ALLOF FOO! _




25 Years of Food Safety:
How a foodborne outbreak
serendipitously shaped a career

Linda J. Harris, Ph.D.,
Professor of Cooperative Extension Emeritus

December 10, 2025, Sacramento, CA

Agriculture and Natural Resources  TECHNOLOGY

WESTERN CENTER for FOOD SAFETY

University of California ~ FOOD SCIENCE ano  Z7Z ANSS

UCDAVIS

THE
ALMOND
CONFERENCE

23




2001 almond outbreak Onset Dates é&dalmonell&nteritidis Phage Type (PT) 3
Cases in Canada/Raw* Almond Shipments from California

-\

# of Cases Very RARE subtype 8&lmonella*

20

Estimated time
almonds at retall

Harvest Sept and Oct, 2000

15

Initial Recall
/ April 12, 2001

25 years ago

10

o M. V. ‘IH ++++++++++

Oct 8 Nov 12 Dec 17 Jan 21 Feb 25 Apr 1 May 6 Jun 10
| I wegk |
Weekly Weekly

176,500bs Total 120,000bs Total Isaacs et al. 2005. JEP 68198



Pre2001 nutadjacentSalmonellautbreaks

A1953, 196661, 1999
Adesiccated coconut (Australia/Englanc

A19941995
Apeanuts in a savory snack (UK)

A1996
Apeanut butter Australia

A2001 |
Apeanuts UK, Australia, Canada




¥ Before:
Pulseneffingerprinting

Salmonell&nteritidisPhage Type 30

1 1 1

UC Davis Lap YCP Lab o USDALab
San Bernardino Nebraska



I
2000-2001 Almond Outbreak Investigation *

W I Farm A + I I Farm B + I I Farm C + I Farm D CALIFORNIA REPUBLIC
Positive Drag Swabs (6/01 i 7/01) I

" f Salmonella Enteritidis PT 30

ille | Facility A+ | Facility B Facility C  Facility D
4 of 8 Environmental Samples (6/01)
andle |ProcessorA+|
Processor 2 of 8 Environmental Samples (6/01) Salmonella Enteritidis PT 30
ote I Bulk Raw* Almonds I
Distributor 7 of 11 Lots (5/01 1 8/01) *

Why

. pay for thf \ o
W I 168 Cases of salmonellosis I package’ Salmonella Enteritidis PT 30
(10/00 7 7/01)

Isaacs et al. 2005. JFP 68:191-198



http://rds.yahoo.com/S=96062883/K=american+flag/v=2/SID=e/l=IVI/SIG=11u1p4831/*-http:/kidscraftkits.com/assets/images/American_Flag1.jpg

FIGURE. Number* of PFGEt-matched cases of salmonellosis

RAW Almond Outbreaks 04, 06

[ associated with raw almonds, by date of illness onset and moda
v of axposure — United States and Canada, Septamber 2003
A9/2003¢ 6/2004 Aprl 2004

A Salmonell&nteritidisPT9c

A Very rare phage type b > Hfa-.-.r almonds with
A 47 cases in U.S. and Canada mosmpIEts rassback

D Housshold sscondary
AHandler (processor) unrelated to 2001 outbrea

10
D Raw almonds from J

Paramount Farms

k infection
i . Patiant not interviewsd or

A12/2005¢ 8/2006
(raw almondlink suspected) N
A Salmonell&EnteritidisPT 30 S\%
A 15 cases Sweden e B B e e e o e .
Aug Sep Oct Mov Dec| Jan Feb Mar Apr May
2003 2004
Morth and year
MW=

" Pulsad-field gel elactrophoresis. MMWR 53(22):484187



2001 15/32- 150 acre orchards posﬂn&almonellaEnterltld|s PT 301() sg miles/26 sq km)

I.F_"’"‘mlllm - IR\
|g|n ofSalmonelleEnteritidis PT 30 never |dent|f

e Sl " “" \\W
g |1 ! | ””

ampled from 2001 through 2006:
(25%) pooled:swabs positive fﬁalmmellaEnterltldls PT 3

Orchargg
53 of 2 1

Uesugeet al., 2007



Possible Factor Contributing to Outbreak:

v

'Raln Event V.,
DA "

Questionnaire revealed:
almonds on ground OR
swept into windrows

Significant rain
10/9-10/10, 2000

- i

Claylike soll, difficult to harvest,
high level of soil carrgver

39



DoesSalmonellE&nteritidis PT 30 survive In soil?

Diamond = High Moisture
Squares = Low moisture

. 20N2°C
35N2°C i

» % ) Clay loam OR Sandy loam

log CFU/g dry weight
O =~ N W A~ O OO N

0 20 40 60 80 100 120 140 160 180 200
Days

Temperature influenced survival of Salmonella in soil more than moisture or soll type

Danyluket al., 2008



What happens when dry hulls or shells get wet?

hull shell kernel

% ¥ )

Flesh of hull “Shell interior Brown Skin

Uesugiand Harris, 200d@)anyluk Brand| and Harris, 200¢



Log CFU/mI

OFRLNWPIAUIONOOO

CanSalmonellgnteritidis PT 30 multiply in
wet almond hulls and shelég 25°C (75F)?

0 20 40 60 80 100
Time (hours)
--Hulls 4-Shells <+«Hulls and Shells

Wet weather potentially amplifie&almonellan the orchard

Uesugiand Harris, 2006



2001 almond outbreakOnset Dates @almonell&nteritidis PT30 Cases

Canada/Raw Almond Shipments from California

# of Cases

20

15

10

0

Earliest wet almonds
were shipped

Estimated time

almonds at retall

Harvest Sept and Oct, 2000

\v\

1

Oct 8 Nov 12 Dec 17

Jan 21 Feb 25 Apr 1

t WEEK ]
Weekly Weekly
176,500lbs Total 120,000bs Total

Initial Recall
April 12, 2001

May 6 Jun 10

Isaacs et al. 2005. JFP 681198



Huller and Sheller: Almonds

Receiving Pit

e

Pre-Cleaning

e

Remove hulls/shells

il

Sort kernels from debris




Water matters after harvest

ASalmonellaCAN multiply in the presence of even small
FY2dzydGa 2F 61 0§SNJ EGECFal £ Y2

OO Hr W48 Hr

5 _
4 -
3
5
1
0 - | i
1 2 3 4 Dust A (1 g) Mixed With Water

Milliliters of water per gram of almond dust

Log CFU/g
\l

Du et al., 2010. J. Food Sc



Log CFU/g

O F N W » 01 O N ©

Aqueous QUAT Iis not effective in reduciBglmonella
and preventing growth in almond dust (86/30°C)

@O0 hr W48 hr

Water Alcohol QUAT 200 ppm Aqueous
QUAT

Du et al., 2007. Food Protection Trer



Prevalence ofalmonellan 100-g Raw Almond Kernels: Harvest
With 95% Confidence Intervals
5 10 surveys/20 years

\
J

Shiga toxinproducingE. colin
3759 samples

Prevalence (% Positive

NEGATIVE
2021: 601 samples
2013: 400 samples

ansal et al., 20
arris et al., 20:
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MPN/100

R = © —= N W s O

R Y " USRI (I U U
D © P Ww S

S N

Levels oalmonellan positive almonds

Salmonella

Most Probable Number (MPN
Total 139 positive lots

, Average:
“% 1.0x1.6 MPN/100(g

2002 2003 2004 2005 2006 2010
Year

2013

2021



Hypothesis: Contamination Source

AEvidence suggests undeormalcircumstances contamination
on the farm and during harvest/hulling/shelling is:

AEnvironmental
ASporadic
ARandom
ALow levels
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Research at the request of the almond industry to
determine microbial quality of almonds. 1967 harves

The data reported in this paper reflect the
microbial population on the surface of almond
meats. A portion of the bacterial contamina-
tion stems from soil and dust contact with nut-
meats. This is shown by the lower counts for
hard-shelled varieties which have a more com-
plete shell and less chance for soil contamination.
The effect of soil contact is also reflected in the
lower counts for nuts harvested on cloths as
opposed to those collected from the ground.




Why/When’_) Levels oBalmonellan

. fran? almonds per 100 g
ow often” \O

161
15
14
13

| ‘ o4 1l"
' ﬁ ’ > 2

11

MPN/100 g

L | —

2002 2003 2004 2005 2006 2010 2013 2021
Year

¢ Salmonellanot drawn to scale



2001 Outbreak ~
Est. up to 120 cells/100 g V\/hy’> HOW Often :

Recalled almonds

e Salmonellanot drawn to scale



. Whole Genome Sequence Analysis

208 isolates from almond kernels

10 different years, 15,530 samples
20-year timespan 2001-2021

Wide range of Salmonella types

.
¢ 35 unigue serovars
A%
Q\h‘ﬁ,.l E ‘9\;@‘&:@“‘0’ Y . . .
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\)“:@9’_@"& \
N g ™
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Moyne et al., 2023; Harris et al., 202



Salmonell&nteritidis PT 30 from survey (2005, 2006, 2013),
human (2001, 2006) and orchard (2001, 2002, 2003, 2005, 2006)
whole genome sequence analysis

@ Orchard isolate
Humapn isolate

XMy {bta RATTARANRYESRS

Evidence of longerm stable environmental survival &almonellan
production agriculture environments

Uesugiet al. 2007, Moyne et al., 2023



