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Investigation Partners

• Introduce various partners involved in a
foodborne illness outbreak investigation
• Discuss the Local Health Department
Environmental Health Division role
• Demonstrate planning, coordination and
communication
• Cover the 6 steps of an Environmental
Assessment and the differences in inspections
based on suspect organism

Group Effort
• Investigation of food and waterborne disease
outbreaks are not accomplished by a single
individual and require the efforts of a team of
individuals with different areas of expertise.
• This team includes EH and CD at the LHD and
CD, Lab, and FDD at IDPH. The restaurant or
food source and the media are involved as
well.

Purposes of Outbreak
Investigation
• Identify the cause, the risk factor(s),
or source
• Implement interventions or corrective actions to
prevent others from becoming ill
• Fulfill statutory obligations and respond to public
and political concern
• Evaluate existing recommendations or strategies
for preventing similar outbreaks
• Learn more about the public health implications
of foodborne pathogens
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Steps for Investigation
• The order of steps for an
investigation can vary greatly
depending on the biological
agent involved, the receipt of
information, etc.
• Some can take months and
some are never solved.

Call (continued)
• Of those reporting illness, any medical
visits, hospitalizations, stool specimens
collected and the name, address, and
phone number of the providers who collected the
specimens
• Total number of persons in the group, including those
who did not become ill
• Contact information for all parties
• General food items eaten by ill and well
• Any food items available for testing – take food home?
• Any other common activities or meals shared during
the three days prior to illness
• 72 hour food history

Plan (continued)
• Review available Epi information:
– Dates of onset
– Incubation period
– Likely exposure dates/meals
– For commercial food products
– exact product description
and purchase dates
– Anecdotal information
• Review food facility information
– Existing regulatory records
– Menus, recipes, product formulas
• Review suspected causative agent information
– Reservoir (viral vs. bacterial)
– Suspect food or staff
– Mode of transmission

Step 1 – Call Received
During the initial phone call with the
complainant, collect the following:
• Date complaint received
• Complainant’s name and contact information
• Establishment name and address
• Date and time person(s) ate at establishment
• Date and time of illness onset
• Symptoms experienced by ill person(s), including
diarrhea, vomiting, nausea, abdominal cramps, fever
and duration
• Total number of persons reporting illness
• Of those reporting illness, number of households
involved (determine if outbreak)

Step 2 - Plan
Suspected outbreak investigation meeting
before restaurant visit
 Environmental health supervisor and Inspector
assigned to that establishment
 LHD CD Division
 LHD Administrative Staff

Plan (continued)
• Once information has been gathered internally, relay
to IDPH CD Division for guidance and to receive an
outbreak number to be used on all correspondence.
FDD may be contacted for specific inspection
guidance as well.
• After hours, the IDPH emergency officer can be
notified at 1-800-782-7860
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Step 3 – On Site Investigation

On Site Investigation (continued)

• Conduct within 24 hours.
• On-site investigation should be based on
suspected food and biological agent
• Review establishment file and menu
• Gather routine inspection equipment
• Gather foodborne illness kit (inventory, check
exp. dates of neutralizing solution, bring frozen
ice chips/ insul-ice)
• Inspection, Interview, Sample Collection Forms
• Camera for taking photos of food labels,
invoices, other documentation/evidence

Traceback investigation includes the following:
• Label and package information
• Product name
• Package code/lot number
• Expiration/sell by/use by date
• Product size/weight
• Date of purchase
• Manufacturer name and address
• Distributor name and address (invoice information)
• All retail food establishments where purchased
• Whether or not food is an imported product
• Take samples of suspect foods
• Obtain copies of receipts/invoices from suppliers
• Food labels provide additional valuable information (copy info from
label or take a picture)

Not a Routine Inspection

Inspector duties

The inspector(s) will conduct an environmental assessment
at the establishment.
– An environmental assessment is a science-based
evaluation of environmental factors that contributed to
transmission of a particular disease in an outbreak.
 What happened and where?
 What went wrong? (past)
 How can we fix/control the problem? (present and future)

Investigation Interview
• During an outbreak investigation, EH is
responsible for conducting employee
interviews and Epi is responsible for
conducting patron interviews.
• Restaurant operators are required by law to
provide requested employee information or
contact information (e.g., credit card receipts)
for their patrons.

During a site visit, the inspector will meet with the
person in charge (PIC) to:








Explain reason for the investigation
Spell out steps that will be taken
Conduct manager/employee interviews
Observations of the operations (contributing factors)
Sample collection
Collection of records (menu, illness log, temperature logs)
Put controls in place

On Site Investigation (continued)
• Interview manager about ill staff
• Interview food handlers who most likely prepared the
suspect foods
• Look at their hands and face for cuts, burns, open
wounds, etc.
• Recent food handler illnesses? Check time cards for
dates of recent absence
• Are excluded employees off premises?
• Are restricted employees working? If so, what are their
duties
• Collect staff schedule
(current and past)
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Employee interviews
• Can they refuse to participate?
– Yes, but in order to protect public health we likely
need to exclude them from work

• Can you interview employees that are under
the age of 18 with out speaking with their
parents?
– Yes, if calling the employee at home
explain why you are calling to their
parents but you do not need their
permission to interview them

On Site Investigation (continued)
• Ensure adequate hand washing facilities
(easily accessible, soap, hot/cold water)
• Check sanitizing concentrations and temps
• Are employees washing their hands when
needed? Correctly?
• Municipal or private-water supply? Recent
boil order?

Possible waterborne illness
• Has there been any recent sewer back-up
or malfunction of the sewage treatment system?
• Has there been any recent repairs or changes to
the water distribution system or the water well?
• Recent work, cleaning or malfunction of ice
machine?
• Is there adequate protection to prevent back
siphoning or back flow?
• Check that drains on ice machines, dishwashing
sinks and beverage dispensing machines are
connected according to the plumbing code

HACCP During Investigation
Identification of ingredients and steps
Review menu to identify the ingredients and steps involved in the receiving,
storage, preparation and service of suspect food(s). Obtain recipes for all
suspect food(s), identify ingredients, and collect source information. Pay close
attention to potentially hazardous foods and high-risk preparation factors.
Identify critical control points
Identify critical control points and corrective actions to reduce potential
hazards. Emphasis should be placed on contamination, survival, and
growth/toxin production risks at these points.
Observe suspect food(s) through establishment
The inspector should observe the suspect food(s) and record the procedures
conducted through the operation — from receipt of food from the delivery
truck to consumption by the consumer. Observe personal hygiene also.
Document how food(s) were handled, what equipment was used, and who
handled the food(s) during each preparation step. A flow chart should be
developed as a visual tool of the process.

Special Processes & HACCP
• Is HACCP plan required at this facility?
• Do they have written policies?
• Do they have any HACCP plans approved
by the LHD?
• Do they have a separate area for special processes?
• Who takes temperatures? How often?
• Are employees knowledgeable about required temps?
• Are temperatures written down?
• If HACCP is implemented, review their plan and
become familiar with their procedures (CCPs,
corrective actions, non-compliance with HACCP plans)
• Ask for a copy of any of these documents
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Food Sample Collection
• Collected as soon as possible after initial
report is received, it’s better to collect and
not need the sample than to regret not
collecting later
• Store until identified possible food item(s)
associated with illness
• Seek guidance from IDPH FDD or CD for
which pathogens should be tested by the
laboratory and use proper forms labeled
with the outbreak number
• Consult with IDPH CD staff as soon as
incubation and symptoms of the cases are
known and begin to formulate a tentative
hypothesis regarding the responsible
agent.

If Hazard Exists
• Immediately stop the outbreak:
–
–
–
–
–

Communicate with supervisor and CD
Hold or Embargo questionable food
License Suspension
Menu Limitation
Identify and implement corrective interventions.

Communication (continued)
• Coordinate a unified response for public
notification (phone calls, media interviews,
etc.) using a Public Information Officer (PIO)
• Consider using Incident Command System
from the beginning

Sample Collection
“inspect at reasonable times and within reasonable limits,
and in a reasonable manner… and to obtain samples
necessary to the enforcement of this Act.” Illinois Food,
Drug, and Cosmetic Act
410 ILCS 620/22

• You must use sterile containers and instruments to collect
samples, using sterile techniques
• In some situations even a compromised sample taken from
an opened container may provide information to help
identify the source of the outbreak.
• Obtain the original commercial container if it is available
even if it is in the trash. It can be used to identify
microorganisms, toxins, and the lot code or processing code
can be identified to provide info about place and time of
processing.

Step 4 - Communication
• When the environmental outbreak investigation
has been completed, conduct another outbreak
investigation team meeting to inform both LHD
and IDPH CD
• Continue communicating frequently with IDPH
CD as additional information about the outbreak
becomes available
• Coordinate food and clinical lab testing
• Once results are received, a hypothesis will likely
be developed

Step 5 - Prevention
• To prevent future occurrences, revisit the
establishment. Education and prevention
measures should be discussed to ensure that
the establishment serves food that is safe and
prepared by healthy food handlers.
• Long term strategies to prevent recurrence:
–
–
–
–

HACCP
Risk Control Plans [“Mini-HACCP”]
Training
Menu/Supplier/Recipe Modifications
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Prevention (continued)

Step 6 - Report

Follow-up Environmental Assessment
• If a specific food item is identified as causing
illness, the inspector will want to determine:





Who prepared implicated food?
What is their illness history?
Food flow of implicated item?
Likely or possible explanations for contamination,
amplification, survival or other factors
contributing to outbreak?

• CD should send EH a draft of the outbreak
investigation report for comments/edits
and may need additional information from
EH to complete the report
• Once finalized, it can be shared with the
establishment

Characteristics of
Foodborne Pathogens

Infections vs. Intoxications
Infections

Intoxications

Bacteria

Viruses

Parasites

Organism

Bacteria, viruses, parasites

Toxin

Cause Infections

X

X

X

Mechanism

Cause Intoxications

X

Invade and multiply within
the lining of intestines

No invasion or
multiplication

Survive in environment

X

X

X

Incubation period

Hours to day

Minutes to hours

Multiply in environment

X

Symptoms

Multiply in host

X

Multiply in food

X

Form spores

X

Diarrhea, nausea,
vomiting, abdominal
cramps, fever (lack of fever
in intoxications may aid
investigation)

Vomiting, nausea,
diarrhea, double vision,
weakness, respiratory
failure, numbness, sensory
and motor dysfunction

Product toxins

X

Transmission

Can be spread person-toperson via the fecal-oral
route

Not communicable

Factors related to food
contamination

Inadequate cooking, crosscontamination, poor
personal hygiene, bare
hand contact

Improper holding
temperatures

Form cysts

X

X

X

Often Transmitted by
Infected Food Handlers
- Norovirus
- Hepatitis A virus
- Salmonella Typhi1
- Shigella spp.1
- Staphylococcus aureus
- Streptococcus pyogenes

Occasionally Transmitted by Infected
Food Handlers
- Campylobacter jejuni
- Cryptosporidium parvum
- Entamoeba histolytica
- Enterohemorrhagic Escherichia coli
- Enterotoxigenic Escherichia coli
- Giardia lamblia
- Non-typhoidal Salmonella
- Taenia solium
- Vibrio cholerae
- Yersinia enterocolitica
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Suspect Norovirus
• CD will interview customer cases
• EH will interview employees and manager
•
•
•
•
•

Current or recent GI illness?
Ill family members?
Try to interview before begin next shift
Job duties (especially on implicated date)
Exclusion based on current IDPH CD requirements

Bacterial

Suspect Norovirus
Checklist of areas to assess:
• Food worker illness
• Handwashing
• Bare hand contact with ready-to-eat foods
• Do ready-to-eat foods need to be discarded?
• Does establishment need to be closed?
• Cleaning/disinfection of all surfaces (chlorine)
• Cleaning of vomit/diarrheal events

Complexity of Salmonella
in Restaurants

Checklist of areas to assess
• Food worker illness, duties, meals at establishment
• Handwashing, bare-hand contact with ready-to-eat
foods
• Undercooking of foods of animal origin
• Cross contamination from raw foods of animal origin
• Do ready-to-eat foods/ice need to be discarded?
• Cleaning/disinfection of surfaces, utensils
• Product information (e.g., invoices)

Salmonella Food Worker Testing
• Coordinate with CD. If any indication that
outbreak is not point source (specific
food), or any indication of food worker
illness, test everyone
− Regardless of job duties
− Regardless of illness status
− Until 2 stool specimens collected 24-hrs
apart test negative for Salmonella

• Exclude any food workers that report
illness (current or recent)
• Exclude any food workers that test
positive

Medus C, Smith
KE, Bender JB,
Besser JM,
Hedberg CH.
Outbreaks of
Salmonella in
Restaurants in
Minnesota, 19952003: Evaluation
of the Role of
Infected
Foodworkers. J
Food Prot
2006;69(8):18701878.

Resources
• Council to Improve Foodborne Outbreak Response
Toolkit has been developed to help public health use
the CIFOR Guidelines to improve foodborne illness
investigation response. (www.cifor.us)
• FDA ORAU has 10 web courses on foodborne illnesses
and investigations. (www.compliancewire.com)
• IDPH web portal/Communities/Communicable Disease
Control
• IDPH Principles and Procedures for Investigating
Suspected Outbreaks of Foodborne and Waterborne
Illness, 2004 (available on portal, under revision)
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Sources for Presentation

Contact Information

• Foodborne and Waterborne Disease Outbreak
Investigation Resource Manual, Arizona
Department of Health Services (2010)
• Foodborne Disease Outbreak Detection in
Minnesota, Minnesota Department of Health
(2015)
• IDPH Principles and Procedures for Investigating
Suspected Outbreaks of Foodborne and
Waterborne Illness (2004)

Illinois Department of Public Health
Division of Food, Drugs and Dairies
Jessica McAnelly
Food Program Training Manager
jessica.mcanelly@illinois.gov
217-785-2439

IDPH overview
• Vision
Foodborne Illness Outbreak Investigation
Clinical Microbiology
Robert F. Cox, MPH, MT(ASCP)
June 21, 2016

IDPH overview
• Organized 1877, one of state’s oldest agencies
• Headquarters in Springfield and Chicago
– 7 regional offices
– 3 laboratories
– 1,100 employees

– Communities of Illinois will achieve and maintain
optimal health and safety.

• Mission
– Protect the health and wellness of the people in
Illinois through the prevention, health
promotion, regulation, and the control of disease
and injury.

Division of Laboratories
• Three locations:

• Over 200 programs, affecting health &
wellbeing of every Illinois resident & visitor
–
–
–
–
–
–
–
–
–
–

Childhood immunization
Food, water and drug testing
Hospital and nursing home licensure
Infectious and chronic disease control
Vital records
Health statistics collection and evaluation
Newborn screenings
Women’s health promotion
Emergency Preparedness
Workforce development

Springfield

Chicago

Carbondale
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Division of Laboratories
• Mission Statement
– The mission of the Illinois Department of Public
Health’s Division of Laboratories is to support
public health epidemiology programs by providing
surveillance data.

Contact Information for Lab Testing
Test
Carbondale
Enteric Pathogen Culture - Salmonella, NA
Shigella, Shiga Toxin Producing E. coli,
Vibrio, Yersinia, (includes identification,
serotyping, pulsed field gel
electrophoresis (PFGE), and molecular
shiga toxin)
Listeria – PFGE only.

Springfield
Robert Cox
217-524-6238

Chicago
Carlos Morales
312-793-0276

Norovirus (Norwalk-like virus, NLV)

Robert Cox
217-524-6238
Andrea Stadsholt
217-524-6236
Andrea Stadsholt
217-524-6236
Andrea Stadsholt
217-524-6236

Carlos Morales
312-793-0276
NA

Food Testing
Water Testing

Leslie Chapman 618457-5131
Leslie Chapman 618457-5131

Dairy Testing

Outbreak Investigation
• Division of Laboratory specimen submission
guidelines and submission forms for Enteric
outbreak specimens can be found in the
Division of Laboratories Manual of Services.
– http://dph.illinois.gov/topics-services/lab-testingservices

Outbreak Investigation
• They all present to a health care professional
within the next 72 hours for nausea and
diarrhea.
– Sam sees her family practitioner who sends her
stool sample to LabCorp.
– Jenna visits the emergency room at Blessing
Hospital in Quincy.
– Nancy goes to OSF prompt care in Bloomington.

Leslie Chapman 618457-5131
NA

Kalifa Shabazz
312-793-4760
Kalifa Shabazz
312-793-4760

Outbreak Investigation
• Scenario:
– Sam, Jenna and Nancy are in Springfield for a local
conference. They all visit Billie Bob’s Subs for
lunch.
– After completion of the conference, they all head
back to their home towns. Sam lives in
Schaumburg. Jenna lives in Quincy and Nancy lives
in Bloomington.

Outbreak Investigation
• Specimens are all tested at reference and hospital
laboratories and found to have Salmonella
present.
– Specimens for Salmonella, Shigella and Shiga Toxin
producing E. coli do not require submission
authorization since submission is required by Illinois
Control of Communicable Disease Code Part 690.
• An isolate of Sam’s Salmonella is sent to the IDPH Chicago
Laboratory.
• An isolate of Jenna and Nancy’s Salmonella is sent to the
IDPH Springfield Laboratory.
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Outbreak Investigation
• Specimen Acceptance Criteria:
IDPH Specimen Collection and Acceptance Criteria

Specimen Type

Acceptance Criteria

Isolate
Cary Blair fecal vial

Submitted on appropriate media for transport. This sample
produces the best results.
Must be received at IDPH within 96 hours of collection.

Cary Blair fecal swab

Must be received at IDPH within 72 hours of collection.

Unpreserved stool

Must be received by IDPH laboratory within 2 hours of
collection. Applicable for outbreak situations.

Outbreak Investigation
• Culture and Biochemical identification
– Use of enrichment, selective and differential
medias

– Use of automated and tube tests for biochemical
identification

Outbreak Investigation
• Slide & Tube method: Suspension of
salmonella is added to known antisera.
• O Group Identification: Somatic antigen
– Group A, B, D, 35, etc.

Outbreak Investigation
• IDPH confirmation of Salmonella
– Sam, Jenna and Nancy’s specimens will follow two
pathways upon arrival: Culture confirmation and
Pulsed Field Gel Electrophoresis (PFGE).

Outbreak Investigation
• Serotyping
– Testing for Somatic and Flagellar antigens
• Somatic is the O antigen: Group A, B, C, D, 35, etc.
• Flagellar antigens: Most Salmonella have two flagellar h
antigens: a, b, i, d, 1, 2, 5, etc.

– Two methods
• Conventional slide & tube method – antigen antibody
reaction
• Molecular – looking for set of somatic and flagellar
genes

Outbreak Investigation
• Tube serotyping: Flagella h antigens – 2
phases
– Identify first flagella antigen. Suppress first flagella
antigen to express second flagella antigen.
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Outbreak Investigation
• Serotyping: Brining it all together
– There are over 2500 serotypes
– Use the Kauffmann-White scheme to determine
serotype antigenic formula.
• Salmonella Typhimurium – Salmonella enterica
subspecies enterica I 4,5,12:i:1,2

Outbreak Investigation
• Sam, Jenna and Nancy’s specimens are all
biochemically identified as Salmonella and
serotype identified as Salmonella
Typhimurium.
– Is this significant? Sort of, there are many variants
of Salmonella Typhimurium. Their Salmonella may
or may not be of the same variant.

Outbreak Investigation
• PFGE overview
–
–
–
–
–

Outbreak Investigation
• Antigenic formula examples:
– Salmonella Enteritidis – Salmonella I 9,12:g,m:– Salmonella enterica subspecies arizonae IIIa
38:g,z51:– Salmonella I 4,5,12:i:• Frequently questioned if this is S. Typhimurium

Outbreak Investigation
• Pulsed Field Gel Electrophoresis
– Uses enzymes to cut genomic DNA
– PFGE facilitates the differential migration of DNA
fragments through agarose gels by constantly
changing the direction of the electrical fields
during electrophoresis.

Outbreak Investigation
• Plug slices being added to agarose gel

Bacterial suspension
Mixing suspension with agarose
Making plug from agarose
Plugs chemically lysed and washed
Slices of plugs are restricted with specific enzymes
and placed within a gel
– Electrophoresis performed
– Gel stained and image captured.
– Data analyzed
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Outbreak Investigation

Outbreak Investigation

• Electrophoresis of agarose gel in CHEF
(contour-clamped homogenous electric field).

• After electrophoresis, gel is stained,
photographed using ChemiDoc XRS System,
analyzed using Bionumeric, and uploaded into
PulseNet. CDC PulseNet assigns PFGE pattern.

Outbreak Investigation

Outbreak Investigation

• PulseNet – National Database used to
compare PFGE data.
– Sam’s PFGE information uploaded into PulseNet
by Chicago IDPH Laboratory.
– Jenna and Nancy uploaded into PulseNet by
Springfield Laboratory

• Sam, Jenna and Nancy’s specimens are all
biochemically identified as Salmonella. They
all were serotype identified as Salmonella
Typhimurium and 100% match by PFGE.
– Is this significant? Yes.
– Next step? Infectious Disease contact LHD,
interviews, possible food samples, Isolate &
Identify Salmonella in food, serotype, PFGE of
food isolate and compare PFGE pattern of
Salmonella from stool isolate with food isolate.

• Sam, Nancy, and Jenna data assigned pattern name by
CDC, S. Typhimurium JPXX01.0257.

Outbreak Investigation

Outbreak Investigation
•

• Timeframe:
–
–
–
–
–
–

Culture and ID at hospital/reference lab: 3-5 days.
Culture ID and conventional serotyping 3-7 days.
Molecular serotyping 1-3 days
PFGE 3-5 days
Interviews ?
Food collection, isolation and identification of
Salmonella by Env. Microbiology ?
– Serotyping and PFGE of Salmonella from food sample:
3-5 days

Frequent Questions:
– Culture-Independent Diagnostic Test (CIDT)
• Biofire FilmArray GI Panel
– Enterotoxigenic E. coli (ETEC):
» Produces 1 or both of two enterotoxins: heat-labile (LT) and heat-stable (ST)
» Common O serogroups are O6, 8, 15, 20, 25, 27, 49, 63, 78, 128ac, 148, 153, 159, 167, and 169.
» Do not send to IDPH laboratory.

– Enteropathogenic E. coli (EPEC) – Seen predominantly in children <1 yrs old.
» Do not produce any toxins.
» Common O serogroups are O55:NM, 55:H6, 55:H7, 86:NM, 86:H34, 111:NM, 111:H2, 111:H12,
111:H21, 114:NM, 114:H2, 119:H6, 125:H21, 126:NM, 126:H27, 127:NM, 127:H9, 127:H21,
128:H2, 128:H7, 128:H12, 142:H6, O157:H45
» Do not send to IDPH laboratory.

– Shiga toxin producing E. coli (STEC) stx1/stx2
» Produces 1 or both of two cytotoxins: Shiga toxin 1 (stx1) and Shiga toxin 2 (stx2)
» Common O serogroups ) 26, 45, 103, 111, 121, 145, 157, and 104.
» Send all to IDPH laboratories.

– Shigella/Enteroinvasive E. coli (EIEC)
» Do not produce any toxins.
» Common O serogroups are O28ac, 29, 112, 124, 136, 143, 144, 152, 164, and 167.
» Send all to IDPH laboratories to rule out Shigella.

– Enteroaggregative E. coli (EAEC)
» Believed that they produce cytotoxin/enterotoxins
» Common O serogroups are O3:H2 and 44:H18
» Do not send to IDPH laboratories.
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Outbreak Investigation
• CIDT
– Specimen submission
• Prefer isolate
• If sending stool, must follow IDPH stool submission
requirements
IDPH Specimen Collection and Acceptance Criteria

Specimen Type
Isolate
Cary Blair fecal vial
Cary Blair fecal swab
Unpreserved stool

Acceptance Criteria
Submitted on appropriate media for transport. This
sample produces the best results.
Must be received at IDPH within 96 hours of
collection.
Must be received at IDPH within 72 hours of
collection.
Must be received by IDPH laboratory within 2 hours
of collection. Applicable for outbreak situations.

Outbreak Investigation
• Frequent Questions cont.:
– Shiga Toxin not detected
• Our EIA was positive for Shiga toxin and your results are
negative. Why?
– Not all E. coli colonies are Shiga toxin producers. Be sure you
are sending a Shiga toxin positive colony. Sweep of plate may
be better.
– Toxin expression may be lost upon serial passage.

Outbreak Investigation

THANK YOU
Robert F. Cox
Springfield Laboratory
217-557-2623

SAMPLE COLLECTION,
PRESERVATION, AND STORAGE
Foodborne Illness Outbreak Investigation
Environmental Microbiology
Andrea N. Stadsholt, BS, MT(ASCP)
June 21, 2016

• Food samples and environmental swabs/sponges
are accepted only from regional, county, or city
sanitarian personnel
• Sanitarian contacts the epidemiologist of the
IDPH Food and Dairy Division and/or the
Infectious Disease Division to receive assistance
in determining the necessity of testing food
samples
• The IDPH Springfield Lab provides supplies for
Foodborne Illness Kits
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• Contact the Springfield
Laboratory to obtain
supplies for your
Foodborne Illness Kit
(217) 782-6562

SAMPLE COLLECTION,
PRESERVATION, AND STORAGE
• The Environmental Laboratory is contacted by
IDPH Food and Dairy Division and/or the
Infectious Disease Division with when and
how sample(s) will arrive
• Notification of the IDPH Springfield Lab
– Allows for preparation
– Allows scheduling of personnel

SAMPLE COLLECTION,
PRESERVATION, AND STORAGE
• Sample should be representative of the food being
tested
• Sample size should be at least 25 grams
– 200-400 grams of sample
– The larger the sample portion allows the lab to test different
parts of a sample. Organisms are not always uniformly
distributed in a food sample.

SAMPLE COLLECTION,
PRESERVATION, AND STORAGE
• Always treat samples as if they are
contaminated
• Use aseptic sampling technique

• Submit microbiologically unchanged from the time of
sampling
– Temperature can significantly alter microflora
• Frozen samples should remain frozen
• Refrigerated samples should remain refrigerated

SAMPLE COLLECTION,
PRESERVATION, AND STORAGE
• Transportation/Shipping
– Driven to lab
– Shipped overnight

SAMPLE COLLECTION,
PRESERVATION, AND STORAGE
• Sample form and instructions for submitting
samples may be found on the intranet
http://intra.idph.il/IDPH+Intranet/Food+Drugs+an
d+Dairies/lab+forms.htm
• Necessary information on the form includes
sample source, location, temperature, date and
time of collection, collectors name, symptoms,
and tests requested
• chain of custody information on the back of the
sample form must be completed
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SAMPLE COLLECTION, PRESERVATION,
AND STORAGE
• Upon receipt in Lab
– Assign sample number, Used throughout analysis
on all records
– General condition is noted
– Pictures are taken

CDC 2011 Estimates of Foodborne
Illness in the United States
• CDC estimates that each year roughly 1 in 6
Americans (or 48 million people) gets sick,
128,000 are hospitalized, and 3,000 die of
foodborne diseases.
• http://www.cdc.gov/foodborneburden/pdfs/fact
sheet_a_findings_updated4-13.pdf

8 Known Pathogens Account for
the Vast Majority of Illnesses,
Hospitalizations, and Deaths.

Two Major Groups of
Foodborne Illnesses
• Known foodborne pathogens
–31 pathogens known to cause illness.

• Unspecified agents

Top five pathogens causing
domestically acquired foodborne
illnesses
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Top five pathogens causing
domestically acquired foodborne
illnesses resulting in hospitalization

Top five pathogens causing
domestically acquired foodborne
illnesses resulting in death

Laboratory Testing for
Foodborne Diseases

Listeria monocytogenes

• IDPH Division of Laboratories Environmental
Microbiology Food Lab
– Listeria monocytogenes
– E. coli O157:H7
– Salmonella species

The genus Listeria contains 6 species
β-hemolytisis
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Listeriosis
• Listeriosis is caused by an infection with the
bacterium Listeria monocytogenes
• Two Forms of Listeriosis
– Febrile Listerial Gastroenteritis
– Invasive Listeriosis
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Listeria species
• Widely distributed in nature
• Found in such foods as raw milk, pasteurized
fluid milk, cheeses (particularly soft-ripened
varieties), ice cream, raw vegetables,
fermented raw-meat sausages, raw and cooked
poultry, raw meats, and raw and smoked fish.
Source: Freitag, N. E. et. Al. (2009) Listeria monocytogens- from saprophyte to intracellular pathogen. Nature
Reviews Microbiology 7:623-628

Listeria is hardy
• Grows at temperatures ranging from 4o C
(refrigerator temperature) to 37o C
• Can initiate growth in the pH range of 4.4-9.4
• Grows well aerobically and anaerobically
• Can survive high salt concentrations

Listeria species Cultural Method
• Modified procedure based on Bacteriological
Analytical Manual(BAM) Chapter 10
• Will detect other Listeria spp.
• Method focuses on L. monocytogenes by
including chromogenic media

Detection of Listeria species in Food
and Environmental Swab/Sponge
Samples
• IDPH Division of Laboratories methods:
–Listeria Culture
–Listeria VIDAS

Listeria species Cultural Method
Enrichment
• 25 gram food sample is added to 225 ml
Buffered Listeria Enhancement Broth (BLEB)
plus pyruvate
• Mix in stomacher or blender
• Pre-Enrichment-BLEB supplement can be
added initially or after preincubation of 3.5-4.5
hours at 29.5-30.5oC
• Incubate the enrichment mixture at 29.530.5oC for 44-46 hours.
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Listeria species Cultural Method
Screening VIDAS (Optional)
• Automated Food
Pathogen Detection
System
• Enzyme-Linked
Fluorescent Immunoassay
• SPR (Solid Phase
Receptacle) coated with
highly specific antibodies
captures Listeria antigens
in 500ul of boiled test
broth.

Listeria species Cultural Method
Selective Agars

Listeria species Cultural Method
Screening VIDAS (Optional)
• Captured antigens are bound to a conjugate
which is then fluoresced with a substrate.
• Fluorescence is measure by the VIDAS
instrument automatically and a positive or
negative report printed for each sample.
• VIDAS result is negative testing is complete.
Report result as “Not Detected”.
• VIDAS is positive, proceed to confirmation.

Listeria species Cultural Method
Examine Selective Agars

• Two plate system
– One esculin based plate
• MOX

– One Chromogenic agar
• ALOA
• EZ Chrom Listeria
• CHROMagar Listeria

• 10ul loop from BLEB streak for isolation
• Incubate plates at 35 ± .5°C for 22 to 26 hours.

Listeria species Cultural Method
MOX
• Bluish-gray to gray colonies
with darkening of the
surrounding agar
• Differentiation based on
esculin hydrolysis

Selective Media

Typical Colonies
L. Mono

Listeria spp.

ALOA, EZ Chrom Listeria,
CHROMagar Listeria

Blue to Blue-Green with
Halo

Blue to Blue-Green without
Halo

MOX

Black with Black
precipitate

Black with Black precipitate

• Look for typical and atypical colonies
– Typical colonies= L. mono or other Listeria spp.

• If colonies are too small, atypical, or no
growth, reincubate plates for an additional 2226 hrs at 35oC +/- 0.5

Listeria species Cultural Method
Chromogenic agars
• Allows for the differentiation
of L. monocytogenes from
other Listeria spp.
• Listeria monocytogenes and
Listeria ivanovii
– Blue to Blue-Green with
Zone or Halo
• Other Listeria spp.
– Blue to Blue-Green without
Zone or Halo
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Listeria species Cultural Method
Examine Selective Agars
• no growth or growth not typical of L. mono or
other Listeria spp. after 44-52 hours testing is
complete
• pick five typical colonies per sample, transfer
to TSAYE plates for isolation, incubate at 30 ±
.5ºC for 18-24 hours
ALOA
CHROMagar Listeria
EZ-CHROM Listeria

Listeria species Cultural Method
TSAYE
• Trypticase Soy Agar with
0.6% Yeast Extract
• Pick two colonies of each
type
• VITEK, Gram Stain, &
Catalase

Listeria species Cultural Method
Confirmation
Inoculate VITEK GP card
VITEK 2 Compact
• Automated microbiological
identification system
• Reagent card 64 wells that each
contain an individual test
• L. monocytongenes identified by
VITEK 2

Listeria species Cultural Method
Confirmation
• Gram Stain- Listeria
species are short Gram
positive rods with
rounded ends
• Catalase Test- Listeria
species are catalase
positive
• Hemolysis- L. ivanovii
strongly beta hemolytic,
L. mono subtle beta
hemolysis

Listeria species Cultural Method
Reporting and Follow Up Testing
• “Not Detected”, “Listeria monocytogenes
detected”, “Listeria spp. detected, Listeria
monocytogenes not detected”
• Samples positive for Listeria monocytongenes
are forwarded to the IDPH Division of
Laboratories Diagnostic Micro Section for
PFGE (Pulse Field Gel Electrophoresis)
Testing
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E. coli

E. coli O157:H7

Pathogenic E. coli 6 Types
• Shiga toxin-producing E. coli (STEC)
– STEC may also be referred to as Verocytotoxinproducing E. coli (VTEC) or enterohemorrhagic E.
coli (EHEC).

•
•
•
•
•

Enterotoxigenic E. coli (ETEC)
Enteropathogenic E. coli (EPEC)
Enteroaggregative E. coli (EAEC)
Enteroinvasive E. coli (EIEC)
Diffusely adherent E. coli (DAEC)

• Most types of E. coli are harmless
• E. coli that cause disease in healthy hosts are
referred to as pathogenic E. coli
• Worst type E. coli O157:H7

Shiga toxin-producing E. coli
(STEC)
• Characterized by production of , or the ability to
produce Shiga Toxin (Stx)
– Stx 1
– Stx 2

• Not all STEC cause illness or disease
• Within the STEC group lies a subset of E. coli
referred to as Enterohemorrahagic E. coli (EHEC)
– EHEC causes serious illness
– E. coli O157:H7 is the predominant source of EHEC
infections

Shiga toxin-producing E. coli
(STEC)
• Symptoms-duration of illness typically last 2-9
days
– Severe stomach cramping
– Diarrhea, often bloody
– Vomiting

• Hemolytic uremic syndrome (HUS)
–
–
–
–

Life threatening
May cause kidney failure
Can lead to permanent damage
Elderly adults and very young children more
susceptable

E. coli O157:H7
Sources
• Contaminated Food- undercooked ground
beef, unpasteurized milk and juice, soft
cheeses, raw fruits and vegetables
• Contaminated Water
• Animals and their environment
• Person to person
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Detection of Escherichia coli 0157in
Food and Environmental
Swab/Sponge Samples
• IDPH Division of Laboratories methods:
–E. coli O157 Culture
–E. coli O157 VIDAS

Escherichia coli 0157 Cultural
Method Enrichment
• 25 gram food sample is added to 225 ml of
FERN Modified Buffered Peptone Water
(FERN - MBPW)
• Mix in stomacher or blender
• Incubate enrichment 5 ±0.5 hours at 37°C
±0.5°C
• Add antibiotic supplements-Acriflavin,
Cefsulodin, Vancomycin
• Incubate 18-24 hours at 42°C ± 0.5°C.

E. Coli O157:H7 Cultural Method
Screening VIDAS (Optional)
• Captured antigens are bound to a conjugate
which is then fluoresced with a substrate.
• Fluorescence is measure by the VIDAS
instrument automatically and a positive or
negative report printed for each sample.
• VIDAS result is negative testing is complete.
Report result as “Not Detected”.
• VIDAS is positive, proceed to confirmation.

Escherichia coli 0157
Cultural Method
• Modified procedure based Bacteriological
Analytical Manual (BAM) Ch. 4A and Food
Emergency Response Network (FERN)
MIC.003.00

E. Coli O157:H7 Cultural Method
Screening VIDAS (Optional)
• Automated Food
Pathogen Detection
System
• Enzyme-Linked
Fluorescent Immunoassay
• SPR (Solid Phase
Receptacle) coated with
highly specific antibodies
captures antigens in 500ul
of boiled test broth.

E. Coli O157:H7 Cultural Method
• Two plate system
– CT-SMAC
– One Chromogenic agar
• CHROM ID O157:H7
• CHROMagar O157

• 10ul loop from FERN-MBPW streak for
isolation
• Incubate plates at 37°C ± 0.5° C for 18 to 24
hours.
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E. Coli O157:H7 Cultural Method
Examine Selective Agars

E. Coli O157:H7 Cultural Method
Examine Selective Agars

Typical Colonies of E. coli O157:H7

Typical Colonies of E. coli O157:H7

CT-SMAC
• E. coli O157:H7 is differentiated
from other organisms by its inability
to ferment sorbitol
• Highly selective for E. coli
O157:H7
• E.coli O157 → colorless colonies
with tan-dark centers
• Other bacteria → Pink-red
• Rare sorbitol positive E. coli
O157:H7

E. Coli O157:H7 Cultural Method
Examine Selective Agars
Typical Colonies of E. coli O157:H7

Chrom ID E. coli
O157:H7
• E.coli O157 → turquoise,
blue-green
• Other bacteria → Purple,
colorless

E. Coli O157:H7 Cultural Method
ColiComplete

CHROMagar O157
• E.coli O157 → mauve
• Other bacteria → steel blue,
colorless or inhibited

E. Coli O157:H7 Cultural Method
Latex Agglutination
• Pick five typical isolates per sample
• Perform latex agglutination for O157
– Use portion of isolated colony
– Wellcolex kit, RIM kit, or equivalent

E. Coli O157:H7 Cultural Method
ColiComplete

• Positive latex agglutination, streak rest of
colony onto TSAYE
• Place ColiComplete disc in primary streak
• Incubate at 37°C ± 0.5°C for 18-24 hours
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E. Coli O157:H7 Cultural Method
ColiComplete

E. Coli O157:H7 Cultural Method
• E. coli O157:H7
– x-gal positive= Blue color around disc
– MUG negative= No Fluorescence

• Proceed to H7 latex agglutination

E. Coli O157:H7 Cultural Method
Biochemical Analysis
Inoculate VITEK GN card
VITEK 2 Compact
• Automated microbiological
identification system
• Reagent card 64 wells that
each contain an individual
test
• E. coli O157:H7 identified
by VITEK 2

E. Coli O157:H7 Cultural Method
Reporting and Follow Up Testing
• “Not Detected”, “E. coli 0157:H7 Detected”,
• Samples positive for E. coli 0157:H7 are
forwarded to the IDPH Division of
Laboratories Diagnostic Micro Section for
PFGE (Pulse Field Gel Electrophoresis)
Testing, Serotyping, and Shiga Toxin PCR

Salmonella spp.

Salmonella

• There are two recognized species of
Salmonella
– Salmonella enterica (six subspecies)
•
•
•
•
•
•

Enterica (I)-99% of human illness
salamae (II)
arizonae (IIIa)
diarizonae (IIIb)
houtenae (IV)
indica (VI)

– Salmonella bongori
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Salmonella spp.
• Over 2500 serotypes of Salmonella
• Designated according to the Kauffmann-White Scheme
• The Big Five: Most Common Salmonella Strains in
Foodborne Illness Outbreaks
– Salmonella Enteritidis- poultry meat, eggs
– Salmonella Typhimurium- chicken, beef, pork, other
poultry products
– Salmonella Newport- turkey, cantaloupe, alfalfa sprouts
– Salmonella Javiana- exposure to amphibians
– Salmonella Heidelberg- chicken, eggs

Salmonellosis
• Systemic infections- more rarely, can enter the
bloodstream and produce more severe illness
– Arterial infections, endocarditis or arthritis
– Can cause death unless the person is treated
promptly with antibiotics
– elderly, infants, and immunocompromised

Salmonella in the Food Environment
•
•
•
•
•
•

Survive in wide range of environments
Not heat resistant
Does not grow at low temperatures
Can survive freezing
Survives well in acidic foods
Survives in low moisture food

Salmonellosis
• Discovered by American scientist named Dr.
Salmon and has been know to cause illness for
over 125 years
• Gastroenteritis- experience fever, diarrhea,
nausea, abdominal pain, and vomiting
–
–
–
–

12-72 hours after infection
lasts 4-7 days
self limiting
diarrhea may be so severe that the patient needs to be
hospitalized

Salmonella
• Widespread in nature
• Found in intestinal tracts of warm-blooded
animals- Cattle, Swine, Poultry
• Causes intestinal infections in humans and
warm-blooded animals, but may be carried
without causing symptoms

Detection of Salmonella in Food and
Environmental Swab/Sponge
Samples
• IDPH Division of Laboratories methods:
–Salmonella Culture
–Salmonella VIDAS
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Salmonella Culture Method
• Modified procedure based on
Bacteriological Analytical Manual
(BAM) Chapter 5

Salmonella Culture Method
Pre-Enrichment
• 25 gram food sample is added to 225 ml of preenrichment broth
– Pre-enrichment broth used is dependent on the food
matrix

• Mix in stomacher or blender
• Allow pre-enrichment mixture to sit at room
temperature for one hour
• Test pH of pre-enrichment mixture
– pH 6.6-7.0

• Incubate pre-enrichment mixture 35oC ± 0.5ºC for
24 ± 2 hours

Salmonella Cultural Method
Enrichment and Screening VIDAS (Optional)
• Transfer 0.1 ml of pre-enrichment mixture to
Salmonella Xpress 2 broth (SX2) tubes
• Incubate SX2 tubes in a 42°C ± 0.5°C
incubator for 22-26 hours

Salmonella Cultural Method
Enrichment and Screening VIDAS (Optional)
• Captured antigens are bound to a conjugate
which is then fluoresced with a substrate.
• Fluorescence is measure by the VIDAS
instrument automatically and a positive or
negative report printed for each sample.
• VIDAS result is negative testing is complete.
Report result as “Not Detected”.
• VIDAS is positive, proceed to confirmation.

Salmonella Cultural Method
Enrichment and Screening VIDAS (Optional)
• Automated Food
Pathogen Detection
System
• Enzyme-Linked
Fluorescent Immunoassay
• SPR (Solid Phase
Receptacle) coated with
highly specific antibodies
captures antigens in 500ul
of boiled test broth

Salmonella Culture Method
Selective Enrichment
Rappaport-Vassiliadis (RV) Broth
• Exploit Salmonella’s advantages
over other bacteria
• Transfer 0.1 ml pre-enrichment
mixture

Tetrathionate (TT) Broth
• Inhibit coliforms and Gram
positive microorganisms while
allowing Salmonella to grow
• Transfer 1 ml pre-enrichment
mixture

• Incubate RV and TT tubes at 41-42°C in
a circulating water bath for 22-26 hours
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Salmonella Culture Method
Selective Agars
• Two plate system
– Hektoen Enteric Agar (HE)
– Xylose lysine Tergitol 4 (XLT4)

• 10ul loop from Enrichment broth, streak for
isolation
• Incubate plates at 35ºC ± 0.5ºC for 24 ± 2
hours

Salmonella Culture Method
Selective Agars
Xylose lysine Tergitol 4 (XLT4)
• Highly selective for Salmonella
• Differentiates by lactose and
sucrose fermentation and by H2S
production
• Typical colonies will appear
black or black center with a
yellow periphery

Salmonella Cultural Method
Biochemical Analysis
Inoculate VITEK GN card
VITEK 2 Compact
• Automated microbiological
identification system
• Reagent card 64 wells that
each contain an individual
test
• Salmonella identified by
VITEK 2

Salmonella Culture Method
Selective Agars
Hektoen Enteric Agar (HE)
• Moderately selective
• Differentiate by lactose and
sucrose fermentation and by
H2S production
• Typical colonies- will appear as
blue-green to blue colonies with
or without a black center or as
completely black colonies

Salmonella Culture Method
Biochemical Analysis
• Transfer five typical colonies per sample to
Sheep Blood Agar (SBA)
• Incubate at 35ºC ± 0.5ºC for 18-24 hours

Salmonella Cultural Method Reporting
and Follow Up Testing
• “Not Detected”, “Salmonella Detected”,
• Samples positive for Salmonella are forwarded
to the IDPH Division of Laboratories
Diagnostic Micro Section for PFGE (Pulse
Field Gel Electrophoresis) Testing and
Serotyping
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THANK YOU
Andrea Stadsholt
Springfield Laboratory
(217)782-6562
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