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Session Outline

• Introduce the concept of outbreaks and 
epidemics;

• Overview of the systems and processes 
involved in identifying and investigating 
outbreaks;

• Explore the public health interventions or 
actions that can be used to control 
outbreaks.



Learning Objectives

1. To define an outbreak;

2. To understand why outbreaks are investigated;

3. To describe how outbreaks are identified;

4. To describe the steps in an outbreak 
investigation;

5. To understand the role of public health 
interventions in outbreak control.



What is an Epidemic?

• An increase, often sudden, in the number of 
cases of a disease above what is normally 
expected in that population in that area

Principles of Epidemiology in Public Health Practice, 3rd Edition. Atlanta, GA: CDC; 2006
Available from: http://www.cdc.gov/osels/scientific_edu/SS1978/SS1978.pdf



RCGP: Influenza-like illness, 1987 onwards 
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Prior to 2004/05 season 
Epidemic Threshold : 400 per 100,000 
Higher than average activity: 200 - 400 per 100,000 
Normal seasonal activity: 50 - 200 per 100,000 
 
 

After 2003/04 season 
Epidemic Threshold : 200 per 100,000 
Normal seasonal activity: 30 - 200 per 100,000 
 

See Goddard et al; Commun Dis Public Health. 
2003 Sep;6(3):238-45 
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Why Do Epidemics 
Occur?

• A recent increase in the amount or virulence of the 
agent;

• The recent introduction of the agent into a setting 
where it has not been before;

• An enhanced mode of transmission so that a larger 
number of susceptible persons are exposed;

• A change in the susceptibility of the host to the agent;

• Factors that increase host exposure or involve 
introduction through new portals of entry.
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What is a Pandemic?

• An epidemic that has spread over several 
countries or continents, usually affecting a 
large number of people.

Principles of Epidemiology in Public Health Practice, 3rd Edition. Atlanta, GA: CDC; 2006
Available from: http://www.cdc.gov/osels/scientific_edu/SS1978/SS1978.pdf















What is an Outbreak?
• An incident in which two or more people experiencing 

a similar illness are linked in time or place;

• A greater than expected rate of infection compared 
with the usual background rate for the place and time 
where the outbreak has occurred;

• A single case for certain rare diseases such as 
diphtheria, botulism, rabies, viral haemorrhagic fever or 
polio;

• A suspected, anticipated or actual event involving 
microbial or chemical contamination of food or water.

The Communicable Disease Outbreak Plan. London, UK: Health Protection Agency; 2012.
Available from: http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1317135166228 

http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1317135166228
http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1317135166228


Famous Outbreaks
• 1955:

- Paralytic polio in children who received polio vaccine – the ‘Cutter 
Incident’

• 1976:

- Pneumonia at the Convention of the American Legion in Philadelphia – 
Legionnaire’s Disease

• 1976:

- Outbreak of haemorrhagic fever near the Ebola river

• 1981:

- Pneumocystis Carinii Pneumonia (PCP) in gay men in the USA

• 2009:

- Influenza A(H1N1)



Other Outbreaks
• Biological:

- Salmonella outbreak linked to Cadbury’s chocolate, UK 
2006

- E.coli linked to a petting farm, UK 2009 

• Chemical:

- Scrotal cancer in Chimney sweeps, first described by Potts 
in 1775

• Radiological:

- Acute radiation syndrome, Goiania, Brazil, 1988



Why Do We Investigate 
Outbreaks?

?



Why Do We Investigate 
Outbreaks?

1. Prevent primary cases:

‣ Identify and control source

2. Prevent secondary cases:

‣ Identify cases and take action

‣ Identify those at risk and take action

3. Prevent similar events in the future:

‣ Learn from outbreak and implement strategies to reduce risk

4. Learn about the disease and its epidemiology



Identifying Outbreaks

• Potential sources of information:

- Report from a clinician or laboratory

- Report from a patient(s) or member(s) of the 
public

- Routine surveillance systems

- Media reports



Communicable Disease 
Surveillance

The continuous monitoring of the frequency 
and the distribution of disease, and death, due 

to infections that can be transmitted from 
human to human or from animals, food, water 

or the environment to humans, and the 
monitoring of risk factors for those infections.

Health Protection Agency – Surveillance.
Available from: http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1195733739153

http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1195733739153
http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1195733739153


Types of Surveillance

• Passive:

- Routine, ‘always on’ systems

- Notifications from clinicians and / or returns from laboratories

- e.g. RCGP influenza-like illness returns (weekly reports)

• Active:

- Often bespoke, disease-specific and in response to a current or 
potential threat to health

- Surveillance team actively seeks out cases

- e.g. as part of an outbreak investigation



Purposes of Surveillance

• Monitor burden and distribution of 
infectious disease:

- Inform priorities for control and prevention 
activities

- Inform targeting of control and prevention 
activities by time, place and person



Purposes of Surveillance

• Detect the occurrence of outbreaks or 
epidemics:

- Identify and control the source (e.g. food 
poisoning)

- Prepare services for responding to increased 
demand (e.g. influenza epidemics)



Purposes of Surveillance

• Evaluate the impact of control and 
prevention activities

- e.g. rates of childhood infectious diseases that 
are routinely vaccinated against



Surveillance – Mumps 
Notifications
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Approaches To 
Surveillance

• UK:

- Statutory notification of infectious diseases 
(NOIDs)

- Laboratory reports

- Sentinel surveillance (e.g. RCGP ILI)

- Enhanced surveillance (e.g. invasive 
pneumococcal disease)



Notifiable Diseases - 
England

• Acute encephalitis

• Acute meningitis

• Acute 
poliomyelitis

• Acute infectious 
hepatitis

• Anthrax

• Botulism

• Brucellosis

• Cholera

• Diphtheria

• Enteric fever 
(typhoid or 
paratyphoid fever)

• Food poisoning

• Haemolytic 
uraemic syndrome 
(HUS)

• Infectious bloody 
diarrhoea

• Invasive group A 
streptococcal 
disease and scarlet 
fever

• Legionnaires’ 
Disease

• Leprosy

• Malaria

• Measles

• Meningococcal 
septicaemia

• Mumps

• Plague

• Rabies

• Rubella

• SARS

• Smallpox

• Tetanus

• Tuberculosis

• Typhus

• Viral 
haemorrhagic 
fever (VHF)

• Whooping cough

• Yellow fever



Approaches To 
Surveillance

• European Centre for Disease Prevention 
and Control (ECDC):

- Co-ordinate surveillance across EU member 
states

- Monitor trends of diseases across Europe to 
provide rationale for public health actions

- Support strengthening of national surveillance 
systems



Approaches To 
Surveillance

• World Health Organisation (WHO):

- Integrated disease surveillance programme

- Aims for all member states:

- timely, complete, regular and high quality information

- early detection and prediction of epidemics (early 
warning systems)

- objective assessment of interventions during 
epidemics; 

- efficient monitoring of intervention programmes.



Outbreak Investigation



Tasks in an Outbreak 
Investigation

• Epidemiological investigation

• Environmental investigation

• Control measures (action)

• Communication



Tasks in an Outbreak 
Investigation

‣ Epidemiological investigation

• Environmental investigation

• Control measures (action)

• Communication



Epidemiological 
Investigation

• Confirm whether an outbreak actually 
exists!

- ≥ 2 cases linked by time, place or person

• If there is an outbreak, form an outbreak 
control team (OCT):

- Public Health and Health Protection doctors 
and nurses, administrative support, 
communications, environmental health etc.



Epidemiological 
Investigation

1. Case definition

2. Confirm cases

3. Case finding

4. Collect information

5. Describe the epidemiology of cases

6. Generate a hypothesis

7. Test the hypothesis



An Outbreak of Salmonella 
typhimurium 108/170 at a Privately 
Catered BBQ at a Sydney Sports 

Club
Jardine et al. Foodborne Pathogens and Disease 

2011;8(11):1215–1219



The Scenario

• 1st February 2009

- 2 Public Health Units in Sydney notified by 2 
Accident & Emergency Departments of multiple 
cases of diarrhoea

- Cases had a common history of attending a BBQ 
on 30th Janurary 2009

• Is this an outbreak?

• What should the PHUs do immediately?

YES!

Convene an Outbreak Control Team



Case Definition

• Usually specific to a particular outbreak

• Describes the characteristics that cases should have if 
they are part of the outbreak

• Includes:

- Person

- Place

- Time

• Often changes as more information becomes available



Case Definition

• What was the case definition used in this 
outbreak investigation?



Case Definition

• Suspected case:

- Person: 

- Attended the BBQ and experienced symptoms 
(diarrhoea + ≥1 of nausea, vomiting, abdominal 
cramps, fever, arthralgia, headache)

- Place:

- Sydney Sports Club

- Time:

- 30th January 2009



Confirm Cases

• The criteria needed to convert a suspected 
case to a confirmed case

• For example:

- Positive culture for a specific infectious agent

• Lab quality assurance is essential



Confirm Cases

• How was a confirmed case defined in this 
outbreak?



Confirm Cases

• Confirmed case:

- Met criteria for being a suspected case

- Stool sample positive for S.typhimurium with 
phage type 108/170



Case Finding

• Need to be sure that you have captured as 
many cases as possible

- Often requires a proactive approach

- Especially important if disease is readily 
transmissible!



Case Finding

• Ask to be informed of cases that fit the case 
definition

- e.g. GPs, laboratories, schools

• Case finding allows for:

- Determining actual scale of an outbreak

- Identify the range of clinical presentations

- Meaningful descriptive and analytic epidemiology as 
part of investigation



Case Finding

• How was active case finding performed in 
this investigation?



Case Finding

• GPs and Emergency Departments contacted

• Local surveillance system

• Advert in local paper

• Information poster at venue

• ‘Snowballing’

- Ask suspected cases to provide details of other 
attendees



Collect Information from 
Cases

• Why?

- Looking for links between cases

• How?

- Questionnaire (face-to-face or over the ‘phone)

• What?

- Basic information about case (age, sex, occupation, travel)

- Specific questions related to type of outbreak:

- Food borne → food diary

- Airborne → location of home, work and recent travel

- Person-to-person → contact history (e.g. household contacts)



Collect Information from 
Cases

• How was information collected in this 
scenario?

- Telephone questionnaire:

- Demographic information

- Food history

- Clinical syndrome / symptoms



Describe The 
Epidemiology of Cases
• Time

- Dates of symptom onset and resolution

• Person

- Demographic information and clinical 
syndrome / symptoms

• Place

- Where they live, work and recent travel history



Epidemic Curves

• Quick and easy to interpret way to visualise 
time-course of outbreak

• Plot the date that each case became 
symptomatic

• Shape of curve can indicate nature of outbreak:

- Point source

- Continuing source

- Propagated source



Point Source
• All cases exposed 

over a short period

• Single peak

• All infections within 
one incubation period

• e.g. Food poisoning 
from a contaminated 
BBQ
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Propagated Source
• Infection can spread 

from one person to 
another

• Multiple peaks

• Infections occur over 
multiple incubation 
periods

• e.g. Measles outbreak at 
a school
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Continuing Source

• Ongoing source

• Infections have no 
relation to 
incubation period

• e.g. Legionella from 
a contaminated air 
conditioning unit
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Epidemic Curve
Sydney BBQ

gastroenteritis in attendees. The Public Health Real-time Emer-
gency Department Surveillance System (Muscatello et al., 2005)
was also used to detect suspected cases in all metropolitan EDs.
An advertisement was placed in the Spanish media, and a notice
was displayed at the club asking anyone returning to the club
who had attended the event to contact the PHU whether they
were ill or not. Finally, all attendees were asked when inter-
viewed to provide contact details for people they knew who
attended the barbeque to increase cohort ascertainment.

A standard questionnaire was used to conduct telephone
interviews with people who had attended the event. In-
formation collected included demographics, food history, and
the illness profile (onset time and date, duration, nature of
symptoms) of suspected cases. A member of the outbreak
investigation team was a Spanish speaker who conducted
interviews for those with limited English.

Data were entered into and the univariate analysis was
performed using SPSS version 17.0 (SPSS Inc., Chicago, IL).
Information on all interviewed attendees was included in the
analysis. Univariate risk ratios (RRs) were calculated for each
food item, and the Fisher’s exact test was used to determine
statistical significance ( p < 0.05). All implicated food items
from the univariate analysis were entered into a multiple
logistic regression model using proc logistic in SAS version 9.1.3
(SAS Institute Inc., Cary, NC) to estimate the odds of illness for
individual items adjusted for all other implicated foods.

Laboratory investigation

Stool specimens were cultured to identify the presence of any
enteric pathogens. Specimens where Salmonella Typhimurium
was identified were sent to the Institute of Clinical Pathology and
Medical Research at Westmead Hospital, Sydney, for multiple
loci variable number of tandem repeats analysis (MLVA) (Lind-
stedt et al., 2004; Wang et al., 2008) and to the Microbiological
Diagnostic Unit at The University of Melbourne for phage typing.

Environmental investigation

The NSWFA visited the family residence of the caterers
and obtained several leftover food samples as well as a cloth

that was used to cover cooked barbeque meats. An initial
inspection of the club was made, and while confirming that
there were no leftover foods from the barbeque in storage,
several swabs of the kitchen and outside the barbeque fa-
cility were obtained. The grocery store from where the eggs
used to prepare the mayonnaise had been purchased was
identified, and egg samples were obtained. The eggs were
traced back through the supplier to the originating egg farm,
which was also inspected. A range of samples and envi-
ronmental swabs were obtained at the premises and sub-
mitted for Salmonella testing.

Results

Setting

The barbeque was a community gathering held every Fri-
day evening and run by a family who provided entertainment
and a selection of salads and barbequed meats. It was initially
reported that all foods were prepared in the club kitchen on
the night of the event. However, the environmental investi-
gation indicated that at least some storage of the salad items
had occurred before the event in the kitchen of the family’s
private residence. Estimates of the number of people attend-
ing the event provided by the organizing family and the club
staff ranged between 100 and 180 guests.

Epidemiological investigation

A total of 87 attendees were identified; however, two con-
firmed cases were unable to be interviewed and excluded
from the epidemiological investigation. Of the 85 interviewed
attendees, 38 (45%) were men and 47 (55%) were women. The
median age of the interviewed attendees was 35 years (range
1–70 years), the same as that of the cases. Seventy-one (84%)
interviewed attendees met the suspected or confirmed case
definition.

The incubation period was used to plot the epidemic curve
for this outbreak. The epidemic curve was consistent with a
point source outbreak (Fig. 1), with a median incubation pe-
riod of 17 hours and a range of 4–82 hours.

FIG. 1. Cases of gastroenteritis (n = 71), by incubation period, among attendees of a barbeque at a sports club, Sydney,
January 30, 2009.

1216 JARDINE ET AL.

Epidemic curve compatible with a point source



Generate a Hypothesis

• Use the information currently available to you 
to construct the most likely scenario that 
would lead to the observed outbreak

• What’s a reasonable hypothesis for this case?

- This outbreak of gastrointestinal illness as a result of 
S.typhimurium infection was due to consumption of 
contaminated food by guests at the BBQ held at 
Sydney Sports Club on 30th January 2009.



Test The Hypothesis

• Cohort Study:

- Groups defined by 
exposure

- Outcome is 
estimate of relative 
risk

• Case Control:

- Groups defined by 
outcome

- Outcome is 
estimate of the 
odds ratio



Test The Hypothesis

• What kind of study was used to test the 
hypothesis that a common exposure at the 
BBQ was the cause of the outbreak?

- Cohort study

- 85 attendees completed questionnaire

- 71 suspected/confirmed cases

- 14 controls



Questionnaire

• Respondents asked:

- Which food items they had put on their plate

- Which food items they had eaten



Questionnaire Results

OutcomeOutcome

Unwell 
(Cases)

Well 
(Controls)

Total

Exposure

Salad

Exposure

No Salad

Total

59 5 64

12 9 21

71 14 85



Calculating Odds

• Basically:

- The ratio of the probability of the event 
happening (illness) to the probability of the 
event not happening (no illness)

odds = p
(1− p)



Questionnaire Results

OutcomeOutcome

Unwell 
(Cases)

Well 
(Controls)

Total

Exposure

Salad

Exposure

No Salad

Total

59 5 64

12 9 21

71 14 85



Calculating Odds

• Odds of illness in those who ate salad:

• Odds of illness in those who did not eat salad:

oddsS =
(59 ÷ 64)
(5 ÷ 64)

= 11.8

oddsNS =
(12 ÷ 21)
(9 ÷ 21)

= 1.3



Odds Ratio

• An odds ratio describes the effect that a 
given exposure has on the outcome of 
interest

• In this outbreak, the exposure is eating salad 
and the outcome is gastrointestinal illness

OR = oddsS
oddsNS

= 11.8
1.3

= 8.85



Tasks in an Outbreak 
Investigation

• Epidemiological investigation

‣ Environmental investigation

• Control measures (action)

• Communication



Environmental 
Investigation

• In this outbreak investigation:

- Environmental sampling in kitchen, food storage 
area and BBQ venue

- Food samples, surface swabs, samples of 
materials in contact with food



Environmental 
Investigation

• Findings:

- S.typhimurium 108/170 isolated from raw egg 
mayonnaise

- Eggs traced back to supplier and farm

- No S.typhimurium detected at either location



Tasks in an Outbreak 
Investigation

• Epidemiological investigation

• Environmental investigation

‣ Control measures (action)

• Communication



Control

Source SusceptiblesRoute of Transmission

• Each outbreak will have a 
specific:

- Source

- Route of transmission

- Susceptible population

• Control Measures Must be:

- Safe

- Effective

- Appropriate (vs. risk)

- Timely



Control

Source SusceptiblesRoute of Transmission

• Alternative 
water supply

• Disinfection

• Treat cases

• Isolate cases

• Handwashing

• Needle 
exchange

• Vaccination

• Prophylactic 
antibiotics

X X X



Control Activities

Outbreak Scenario Immediate Action Definitive Action

Meningitis at a school

Salmonella in food

Measles in a 
community

E.coli in water supply

Prophylactic antibiotics for 
contacts

MenC vaccination

Advise public not to 
consume affected 

foodstuff(s)
Product recall

Vaccination / HNIg
Public information 

campaign / vaccination 
campaign

Issue a ‘boil water’ notice
Water company to find 
fault, decontaminate and 

safeguard for future



Tasks in an Outbreak 
Investigation

• Epidemiological investigation

• Environmental investigation

• Control measures (action)

‣ Communication



Communication

• Between outbreak control team and:

- Other professionals

- Those affected, involved or at risk

- The community and general public

- Media



Communication
• Purpose of communication:

- Inform parties of outbreak

- Inform parties of nature of illness

- Inform parties of investigative and control action 
being taken

- If applicable, advice on how to reduce risk

- Reassurance that the situation is being managed

- Declare the outbreak over

















Learning Objectives

1. To define an outbreak;

2. To understand why outbreaks are investigated;

3. To describe how outbreaks are identified;

4. To describe the steps in an outbreak 
investigation;

5. To understand the role of public health 
interventions in outbreak control.



Questions?
d.gibbons@imperial.ac.uk

mailto:d.gibbons@imperial.ac.uk
mailto:d.gibbons@imperial.ac.uk

