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Outline

What is an outbreak? 

How does public health detect and investigate outbreaks?

Case study of a salmonellosis outbreak investigation
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More cases of a particular disease than expected in a given area, or 
among a specific group of people, over a particular period of time
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Outbreak

CDC: https://www.cdc.gov/measles/cases-outbreaks.html



Foodborne Outbreak

Two or more cases of a similar illness 
resulting from ingestion of a common food
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Classic local or 
event-related

Widespread or 
dispersed
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How does public health become aware of an outbreak?



Laboratory Surveillance

Can detect increases in a specific 
subtype or strain of a pathogen

• Serotyping, speciation, genogroups

• DNA fingerprinting

• Molecular subtyping of viruses 
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Laboratory Surveillance



9

Laboratory Surveillance
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Laboratory Surveillance



Public Health Follow-Up

Collect exposure information to identify possible sources of infection: 

• Travel 

• Contact with animals

• Contact with other ill people 

• Sources of food (restaurants, vendors, stores)

• Foods consumed

• Occupation



Implicated Meal to Outbreak Recognition

12Source: CDC Timeline for Reporting Cases of Salmonella Infection
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2018 Enteric or Waterborne Outbreaks, Wisconsin
By Mode of Transmission 
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2018 Foodborne Outbreaks, Wisconsin
By Etiology
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2022 Enteric or Waterborne Outbreaks, Wisconsin
By Mode of Transmission 

0 50 100 150 200 250

Water

Animals

Food

Other/Unknown

PTP 234

13

2

24

3



2022 Foodborne Outbreaks, Wisconsin
By Etiology
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Initiation of an Outbreak Response
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Establish Existence of an 
Outbreak

Do case numbers exceed baseline levels?

Is there an unusual clustering in space or 
time?

Is there a common source or exposure?

Could increases be an artifact?
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Describe and Orient Data: Time, Place, Person 
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❑ Line list

❑ Epidemic curve or “epi curve”



Describe and Orient Data 
Epi Curve: Norovirus Outbreak Example 1
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Person-to-person transmission



Describe and Orient Data 
Epi Curve: Norovirus Outbreak Example 2
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Point-source transmission

?



Describe and Orient Data 
Epi Curve: Norovirus Outbreak Example 2
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Cook



Develop, Evaluate, and Refine Hypotheses
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Conduct an Analytic Study

• Help identify the vehicle, source or behavior associated with 
illness

• Test the hypothesis

oCohort study

oCase-control study

• Collect data (interviews) from both ill and well individuals 
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Conduct an Analytic Study
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Yes

No

Exposure Disease Analysis



Analytic Study: 2 x 2 Table

27

Ill 

(Cases)

Well

(Controls)

Exposed a b

Unexposed c d



Analytic Study: 2 x 2 Table
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Ill 

(Cases)

Well

(Controls)

Exposed a b

Unexposed c d

Odds ratio (OR) = (a/b) / (c/d) = (a × d) / (b × c)



Analytic Study: 2 x 2 Table Example
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Ill Well Attack Rate

Ate food item 6 77%

Did not eat 
food item

1 15 6%



Analytic Study: 2 x 2 Table Example
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Ill Well Attack Rate

Ate food item 6 77%

Did not eat 
food item

1 15 6%



Analytic Study: 2 x 2 Table Example
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Ill Well Attack Rate

Ate food item 6 77%

Did not eat 
food item

1 15 6%

OR = (20 × 15) / (6 × 1) = 50.0      

p-value < 0.001



Evaluate and Refine Hypotheses
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Traceback and Testing of Suspected Source



Implement Prevention and Control Measures 

• Interrupt disease transmission

o Remove contaminated food or source of exposure

o Restrict activities

o Treat (vaccine, antimicrobials)

o Require tests of cure 

o Mitigate the environment

• Identify preventable risk factors

o Develop illness policies and train employees

o Address contributing factors

o Develop new food processing guidelines 33



Communicate Findings

• Communicate regularly with investigation team

• Communicate with the public during the outbreak

oDevelop messages as a team (most outbreaks don’t require 
public notification)

• Summarize investigation when complete

oDescribe methods and compile results

oMake recommendations

oDisseminate report to all participants
34



Communicate with the Public
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Provide clear advice 
to the public on how 
to protect themselves 
and prevent illness.



CASE STUDY:
OUTBREAK OF SALMONELLOSIS
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Outbreak Detection
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November 6

Patient A diagnosed with 
salmonellosis was contacted by 
local or tribal health department 
(LTHD) in county A. 

Patient A reported six other 
friends were also ill.

Su M Tu W Th F Sa

1 2 3 4

5 6 7 8 9 10 11

12 13 14 15 16 17 18

19 20 21 22 23 24 25

26 27 28 29 30

November



Outbreak Detection
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These group of friends shared a 
meal on October 28 at a 
restaurant in County B.

Illness onset was on October 31.  

Su M Tu W Th F Sa

1 2 3 4 5 6 7

8 9 10 11 12 13 14

15 16 17 18 19 20 21

22 23 24 25 26 27 28

29 30 31

Su M Tu W Th F Sa

1 2 3 4

5 6 7 8 9 10 11

12 13 14 15 16 17 18

19 20 21 22 23 24 25

26 27 28 29 30

November

October



Outbreak Detection
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Patient A could not complete the 
interview at the time of initial 
contact and then was lost to 
follow-up. 

Public health nurse who spoke to 
the patient notified the LTHD in 
County B. 

Su M Tu W Th F Sa

1 2 3 4 5 6 7

8 9 10 11 12 13 14

15 16 17 18 19 20 21

22 23 24 25 26 27 28

29 30 31

Su M Tu W Th F Sa

1 2 3 4

5 6 7 8 9 10 11

12 13 14 15 16 17 18

19 20 21 22 23 24 25

26 27 28 29 30

November

October
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Common Meal: “Murder Mystery” Dinner



Outbreak Detection
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November 16

Patient B diagnosed with 
salmonellosis was reported to the 
LTHD in County B. 

Illness onset was on November 1.

Patient B had a meal at the same 
restaurant on October 26.   

Su M Tu W Th F Sa

1 2 3 4 5 6 7

8 9 10 11 12 13 14

15 16 17 18 19 20 21

22 23 24 25 26 27 28

29 30 31

Su M Tu W Th F Sa

1 2 3 4

5 6 7 8 9 10 11

12 13 14 15 16 17 18

19 20 21 22 23 24 25

26 27 28 29 30

October

November



What do we know about salmonellosis?

Incubation period: 12–72 hours

Duration of illness: 4–7 days

Symptoms: diarrhea, fever, and abdominal cramping
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Increased risk of illness and severe outcomes 
among infants, older adults, and 
immunocompromised people 

Severe illness and 
hospitalizations can occur. 



Suspect Meal
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Restaurant hosted an annual special event three 
times over a 3-day period: October 26, 27, 28



What did we do next?
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✓ Review exposure information for all reported cases

✓ Obtain list of attendees with contact information

✓ Obtain list of staff and their schedules

✓ Obtain menu items with detailed ingredients

✓ Develop a detailed questionnaire

✓ Interview ill attendees and staff

✓ Interview well attendees and staff

✓ Perform a restaurant inspection

❑ Test all staff for Salmonella

❑ Shut down the restaurant



Suspect Meal
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Same meal served each day

Buffet style

Craft cocktails, wine, beer



Menu
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Kabobs:                            
chicken, beef, shrimp

Roasted vegetable medley

Crab cakes

Risotto balls

Puffed pastry with cheese and 
vegetables (vol au vent)



Menu
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Assortment of desserts

Craft cocktails                 
Raw egg whites?

Beer

Wine

Water (ice)



Outbreak Investigation Questionnaire
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Separate questionnaires for patrons and employees

Section 1: Demographic information and occupation



Outbreak Investigation Questionnaire
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Section 2: Clinical information and ill contacts



Outbreak Investigation Questionnaire
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Section 3: Exposures at the restaurant 



Outbreak Investigation Questionnaire
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Section 3: Exposures at the restaurant 



Outbreak Investigation Questionnaire
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Section 4: Meal companion contact information 

Section 5: Other activities with meal companions



Outbreak Investigation Questionnaire
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Section 6: Other exposures at the same restaurant



Public Health Interviews
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Employee interviews – LTHD environmental health specialists 

Patron interviews – LTHD and DPH staff

Contact attempted with 99 patrons

Interviews completed with 52 
patrons and 5 staff 



OUTBREAK INVESTIGATION RESULTS



Case Summary
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Interviewed 52 patrons and 5 staff

18 people had an illness that met the case definition:

Cases linked to each of three meal dates

5 laboratory-confirmed cases

PFGE-matching Salmonella Enteritidis 



Case Summary

Onset dates: 

October 27 – November 3

Mean age: 40 years

67% female

Residents from 6 counties

One hospitalization 

Outpatient visits: seven patients 



Reported Signs and Symptoms 

Diarrhea

Body/muscle aches, fatigue 

Abdominal cramps, nausea, sweats, chills 

Fever

Vomiting



Epidemic Curve of Salmonellosis Cases 
By Illness Onset and Meal Dates

59October November 

Meal date:  10/26

10/27

10/28

Secondary case:

26 27 28

SE+

SE+

SE+

SE+

SE+

SE+: Culture positive for Salmonella Enteritidis



Case-Control Study
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Odds ratio = 39.0
p-value <0.001

Ill Well

7

1 18

Ate chicken kabobs

Did not eat chicken 
kabobs



Case-Control Study
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No other foods had a statistically 
significant association with 
developing illness.



Case-Control Study
Attack Rate Table
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Ill Well Total %Ill Ill Well Total %Ill OR p-value p-value type LL 95% CI UL 95% CI

Chicken kabob 15 7 22 68% 1 18 19 5% 38.6 <0.0001 Fisher's Exact 4.3 349.7

Shrimp kabob 15 17 32 47% 2 11 13 15% 4.9 0.088 FE 0.9 25.5

Beef kabob 15 19 34 44% 1 5 6 17% 3.9 0.373 FE 0.4 37.5

Vegetable medley 14 13 27 52% 3 9 12 25% 3.2 0.168 FE 0.7 14.6

Risotto croquette 13 16 29 45% 4 8 12 33% 1.6 0.729 FE 0.4 6.6

Crab cake 14 16 30 47% 3 10 13 23% 2.9 0.187 FE 0.7 12.8

Vegetables vol au vent 8 12 20 40% 9 12 21 43% 0.9 1.000 FE 0.3 3.1

Blueberry cheesecake 5 17 22 23% 12 8 20 60% 0.2 0.027 FE 0.1 0.7

Chocolate cake 9 14 23 39% 8 12 20 40% 1.0 1.000 FE 0.3 3.3

Apple Tart 8 9 17 47% 8 14 22 36% 1.6 0.531 FE 0.4 5.6

Cocktail 11 11 22 50% 6 15 21 29% 2.5 0.215 FE 0.7 8.8

Beer 6 3 9 67% 11 24 35 31% 4.4 0.068 FE 0.9 20.7

Wine 5 12 17 29% 12 14 26 46% 0.5 0.347 FE 0.1 1.8

Food / Drinks: 

Case-Control Analysis

Persons who 

ATE foods

Persons who 

did NOT eat foods
Statistical Analysis: Univariate



Environmental Health Findings
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Chicken kabob was the only food item that was prepared in quantity 
prior to the event and then served all three days of the event. 

All other menu items were prepared during the day of service. 



Preparation Method

Chicken was prepared using an 
unapproved sous vide method that 
included a cook-chill-reheat process.

Sous vide requires a variance to the 
Wisconsin Food Code.

Variance requires demonstration of a 
kill step. 



Prep day 1 

10/24

Prep day 2

10/25

Meal 1

10/26

Meal 2 

10/27

Meal 3 

10/28

Whole 
chicken 
thighs 
brined in 
cooler

Removed from brine

Vacuum packed

Sous vide 1.5 hours

Chilled in ice bath (in 
vacuum pack)

Chicken thighs cut in half and 
skewered

Grilled for marks

Baked on top of roasted vegetable 
medley in the oven

Temperatures were not taken 
throughout the preparation process

Implicated Food Preparation Method



Interventions and Lessons Learned



Thank you!

Questions? 
anna.kocharian@dhs.wisconsin.gov

608.267.9004

mailto:anna.kocharian@dhs.wisconsin.gov
https://www.dhs.wisconsin.gov/
https://www.facebook.com/DHSWI/
https://www.instagram.com/dhs.wi/
https://twitter.com/DHSWI/
https://www.youtube.com/user/dhswi

