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e Describe the purpose of public health
surveillance

e Differentiate between types of
surveillance systems

e Explain the framework and steps for
outbreak investigation



Introduction to Surveillance
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. Definition: : Surveillance is the ongoing,
systematic collection, analysis,

interpretation, and dissemination of
health-related (already available) data
for planning, implementing, and
evaluating public health practice.
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Information for Action



Introduction to Surveillance

« Surveillance provides the information for descriptive
epidemiology, which is
« Person (age, sex, description)
* Place (where)
« Time (dates, hours, days, months, years)

Most countries mandate reporting of selected notifiable diseases to
ensure early detection and response: o ol
®Vaccine-preventable diseases (e.g., measles, polio) e

® Epidemic-prone infections (e.g., cholera, meningitis)
@®@High-impact communicable diseases (e.g., tuberculosis, hepatitis)
(9 Emerging and re-emerging infections (e.g., COVID-19)

If one case can threaten the

community, it becomes
notifiable




Purposes of surveillance:

Surveillance is the backbone of public health

........

» Detect outbreaks early to initiate a
response
» Monitoring Diseases’ trends: Routine
observation of diseases with
predictable patterns and Forecasting
changes
» Evaluate the effectiveness of
interventions (e.g., vaccination,
hygiene practices).
» Guide allocation of resources (basic L e
for costing studies). (Epidemiological Intelligence)
» Global Health Security: Contributing to
preparedness and response in
international outbreaks (e.g.(COVID)
19).
Example: Surveillance of influenza cases during seasonal outbreaks to identify peaks,
forecast outbreaks and plan vaccination campaigns.

"I spy with my little eye..."



Data Collection:

e Systematic
collection of data

from hospitals,
clinics, laboratories,
and community
health systems.

e |ncludes case
counts and essential
demographic and
clinical information.

e Example: Collection
of COVID-19 cases
from hospitals
worldwide
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e |dentification of
patterns and trends
by person, place,
and time.

e Detection of
unusual increases
that is warning sign
for an outbreak.

e Use of basic
epidemiological
tools and statistical
methods.

Key Components of Surveillance

Sharing analyzed
data with public
health authorities
and stakeholders.

Ensures surveillance
data are translated
into public health
action.

Formats: Reports,
announcement, and
press releases.

Example: Weekly
WHO reports on
global disease
surveillance.

Data that are not analyzed and disseminated are useless for public health
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(Case Surveillance)
Case Reporting Case Notification
[ N R
Local/State/Territorial/Tribal Centersfor Disease
Hospitals PublicHealth Authority Control and Prevention
€-————————— > €———————— >
.
ST - Y A
Healt.hcare P pod Public health events of :
Providers .~ Jid international concern |
& ’ I
7/
’ [
’ I
’ v
7
g WorldHealth
Laboratories 7 Organization

k

b Identified data De-identified data
\ - . =

Based on state reportable conditions Based on nationallynotifiable conditions




: Cafp oS WHAT |
Types of surveillance s |
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1. Passive Surveillance

Passive surveillance depend on routine reporting of cases by healthcare
providers to public health authorities.

Physicians, clinics, laboratories, and hospitals that are required to report
disease are given the appropriate forms and instructions, with the expectation
that they will record all cases of reportable disease that come to their
attention.

It is cost-effective but can lead to underreporting. -a;{:ﬁ
Most public health surveillance systems are passive” 7
Example: Tracking tuberculosis cases through mandatory hospital notifications.

Advantages Disadvantages:
Simple Under-reporting
cost-effective incomplete data
Suitable for routine data Delays in reporting
collection -’g‘s/i



Types of surveillance
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ACTIVE SURVEILLANCE
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Proactively searching for cases through direct contact, field
visits, or surveys.

It is commonly used in elimination or eradication programs.

Smallpox).
'( p ) . . L el sl g )
Negative reporting is also necessary (report of N0 cases)* s as s

Requires periodic telephone calls, electronic contact or = o o
personal visits to the reporting individuals and institutions to
obtain the required data.

Example: Door-to-door polio case identification campaigns

Advantages: Disadvantages:

Accurate (higher quality data) Expensive
and timely.

Identifies unreported or resource-intensive
missed cases. y(,'o;"‘;,



Types of surveillance
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3.(Sentinel Surveillance)
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> Monitors selected sites that represent a larger

population ("sentinel sites“-e.g. GP Clinics).
> Can be active or passive.
> Provides high-quality, detailed data for specific diseases.

> Example: HIV surveillance in sentinel antenatal clinics in
sub-Saharan Africa to estimate population infection
rates.



Types of surveillance
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> Monitoring symptoms and health indicators (cases that meet
a clinical case definition for disease under surveillance) before
diagnosis is confirmed (before laboratory confirmation )

> Helps in Rapid/Early detection of unusual health events.

> Example:

- Monitoring acute fever/rash to monitor measles or rubella.
- STDs

- Using emergency room visits to detect potential bioterrorism
events in the 2001 U.S. anthrax attacks.



1.
2.

3.

Investigation of outbreaks
Why Investigate Outbreaks?

e Control the current outbreak

¢ Prevent future outbreaks (Small Outbreaks May Uncover
Widespread Problems

A localized outbreak can reveal larger systemic issues (e.g.,
contaminated water or unsafe practices).

¢ Improve understanding of disease :

Can be First Clue in Discovery of New Diseases or Organisms
Outbreak investigations often lead to identifying new diseases
or previously unknown infectious agents. Example: HIV, SARS, or
COVID-19 were initially identified through outbreak analysis.

Understanding the Disease and Organisms

Investigations provide insights into: i T
1. Incubation period \

2. Modes of transmission | OO

3. Natural history of the disease ’ l




Investigation of outbreaks

Solving mystery action

Ten principles of investigation

Ll. Determine the existence of an outbreak

,{2. Confirm the diagnosis

,{3. Define and identify cases

/{4. Collect information

/| 5- Describe and Analyze data

—~——
6. Develop a hypothesis

7. Test the hypothesis

s

8. Implement control and prevention measures

.
r

9. Communicate findings

. 7
( Y

10. Prepare a report

. 7




1. Determine the existence of an outbreak
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> Verify whether the observed number of cases
exceeds what is expected (using surveillance
data and comparison to historical trends
considering factors like seasonal variations).

Endemic

In July 2020, a sudden increase in food poisoning cases was
reported in Amman, Jordan, with over 800 individuals affected

and one child tragically dying, encouraging further investigation
into the outbreak.

https://www.theguardian.com/world/2020/jul/30/ more-than-800-hospitalised-in-jordan-food-poisoning-outbreak



Re mem b er. Compare the Observed with the Expected

> Increases in case numbers can be due to factors other than a true
outbreak, including:
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> Changes in case definitions,_7
> Adjustments to the surveillance system,— e 0 P M) Lo a8
> Seasonal trends,—» cawecarss

> Improvements in laboratory testing procedures,

> |ncreased public awareness, or
> Laboratory errors.

A true outbreak cannot be confirmed or ruled out until all these
possibilities have been considered and investigated.— afds ol P
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[2. Confirm the diagnosis

> Confirm the correct diagnosed through clinical assessment
and laboratory testing. This step ensures that the outbreak is
not due to misdiagnosis or laboratory error.

> Samples not only just those affected (blood, stool,
vomit..etc), but also possible sources (such as food or water)
or environment (kitchen surfaces and utensils).

> Example: during the 2019 Campylobacter outbreak in
Norway, laboratory tests confirmed the presence of
Campylobacter bacteria in patients, validating the clinical
diagnosis and confirming the outbreak's etiology.




3. Define and identify cases ]

Establish a Case Definition: A standard set of criteria used to classify
individuals as having the disease under investigation, based on person, place,
time, and clinical features.

> |ncludes four components:

— Information about the event, A 7 9 35181 ey gt
— Characteristics about the people who are affected, o s ey s s
— Information about the location or place, (Pl Y 31 Copeit) cols 6572 £5¥)
— A specification of time during which the outbreak occurred.

d«ot‘ a2l Pople whe ablects) Place.
> Example 1: A group of students studying at university X, who ate at the same
cafeteria experienced diarrheal iliness between the months of January and

£ e
February. e “

MU e =y

> Example 2: In the 2015 Legionnaires' disease outbreak in New York City, the
case definition included individuals with pneumonia onset after a specific
date, residing or working in a particular area, and with laboratory
confirmation of Legionella bacteria.



3. Define and identify cases ]

An ideal case definition includes most true cases while minimizing false
positives (people without the disease who meet the definition).

> Due to diagnostic uncertainty, Cases are often classified as:~ vst o
Confirmed: A case usually must have laboratory verification

Probable: A case has typical clinical features of the disease without laboratory
confirmation

> Possible: A case has fewer of the typical clinical features, epidemiological link
not confirmed.
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Classifying a COVID-19 case using the CSTE definition

Positive
PCR Test ]
No
Positive
e Antigen
Test F Meets Clinical 4

& Epidemiologic — No Positive
Yes t
l Yes

Criteria e Antibody
Test

Yes Yes
l Y

Confirmed Case Probable Case

“Possible




4. Collect information:

> “Line listing”

A line listing is a table that summarizes key information for each identified case
during an outbreak investigation.

The columns represent specific patient information and the rows represent
each case.

Information to be included in the line list:

- Identifying information: name, address, contact information.

- Demographic information: Age, sex, date of birth, current status(dead or alive)
- Clinical information: date of report, date of onset of symptoms, presenting
symptoms, diagnosis, laboratory findings.

- Relevant risk factor information: last meal eaten (what and where), contact
with animal, ingestion of undercooked meat, ingestion of water from
contaminated source.



Line |
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5. Describe and Analyze data ]

Descriptive analysis: Time, Place, person

> Place data can be included in line listing (text).

> Or a map to visualize the outbreak. (mapping)<Z—+ Bste

> | Two types:

- A spot map: A map that marks individual cases at specific locations based on

certain characteristics, such as where they live, work, or were exposed
- An area map: A map that displays the number of cases aggregated by

geographical areas, such as districts, neighborhoods, or regions.
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5. Describe and Analyze data ]
Descriptive analysis: Time, Place, person

Person:

> Age, sex, occupation, education, social class, economic class
(income), marital status, race and ethnicity, underlying
medications, and others. (Table or visually)
|
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Spot Chart: Cases by Age and Sex Bar Chart: Cases by Age Group
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5. Describe and Analyze data ]
Descriptive analysis: Time, Place, person

e I

> An epidemic curve is a histogram showing the number of cases
over time, providing clues about the source and mode of
transmission.

> An epidemic curve (epi curve) is a graphical display of the number
of disease cases (y axis) over time unit (x axis) ®

> . The shape of the curve can give clues to the transmission route and
@source of the epidemic.

> Reports on the time course of an epidemic in a defined population

\(%

A

Time can be weeks, days, hours|according to the incubation period. E.g. Bacillus cereus

incubation period 1-6 hours e




Epi curve: A histogram

Column histogram Stacks of boxes histogram
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Cases of an Unknown Disease by Month of Onset
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Steps to Create an Epidemic Curve

Collect Data: Gather information on symptom onset dates.

Choose an Appropriate Time Interval:
Based on disease incubation period (e.g., hours, days,
weeks..etc).

Plot the Data:
Use bars to represent case counts over time.

Analyze the Shape:
Look for patterns, peaks, and outliers.




Patterns of Epi Curves:

Three common types|of outbreak patterns:

> 1. Common Source Outbreak

Point Source Outbreak

> A single exposure event, all cases occur within one incubation
period.

> Shape: A sharp peak, followed by a decline.

> Example: Food poisoning at a wedding.

Point-Source Epidensc Curve (Histogram)
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Patterns of Epi Curves:

Three common types of outbreak patterns:

> 1. Common Source Outbreak Suile N F2 £ AN orkag & cian

@ Continuous Common Source —» 2%

> Ongoing exposure to the source over a period. Multiple incubation
periods.

> Shape: A plateau or gradual rise and fall.
> Example: Contaminated water supply.

Example of common source outbreak with continuous exposure:
Diarrheal illness in city residents by date of onset and character of stool,
Cabool, Missouri, December 1989-January 1990
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15 8 Wahrlmam i»roaks I T
10 sl ~ i L
5 - -
9 - . 20 1 1
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15 17 19 21 23 25 27 29 31 2 4 6 8 10 12 14 16 18 20

1 4 7 10 13 16 19 22 25 28 31 M 37 DECEMBER JANUARY
Weeks Date of Onset



Patterns of Epi Curves:

Three common types of outbreak patterns:

v

2. Intermittent Common Source

> Exposure to the source occurs intermittently (not
continuous or one-time). s WS b 6 sk i

conkinous  Source
> Shape: Irregular peaks separated by periods with

>  Example: Sporadic contamination of food at a restaurant.

Number of Cases

—
—

Day of Onset




Patterns of Epi Curves:

Three common types of outbreak patterns:

v

3. Propagated (Person-to-Person) Outbreak
> Disease spreads from person to person.

> a single common source cannot be identified - sods P el

> Shape: Multiple peaks (waves) occur, separated by incubation periods.
> Each wave represents new generations of transmission.

> Example: Measles, COVID-19, or influenza.
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I\/leed Epidemic_

Initial Common-Source Exposure:

> Many individuals are exposed to a single source of infection (e.g.,
contaminated food or water).

> Followed by secondary cases caused by (propagated )person-to-person
transmission.

Example: Cholera: People exposed to contaminated water initially (common
source) may later spread the infection within households (propagated).

P

Mixed Epidemic Curve: Common Source with Propagated Transmission

> Shape of the Epidemic
Curve:

> The curve typically shows
a sharp peak (indicating
the common-source
exposure), followed by
successive smaller peaks
as the disease spreads
person-to-person. The
smaller peaks represent
the incubation period
and multiple waves of
transmission &
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Estimating the Time of Exposure: Steps to
Determine the Likely Exposure Period:

Identify the Peak of the
Outbreak: (Find the date with
the highest number of cases on
the epidemic curve.) This
represents the median case.

Count Back the Average
Incubation Period: Look up the
average incubation period for
the disease.

Count backward from the peak
date on the x-axis to estimate
the likely exposure date.

Adjust for Early Cases:

Identify the earliest case on the
curve.

Count backward using the
minimum incubation period to
estimate the earliest exposure
date.

Example

Disease: Hepatitis A

Average Incubation Period: 28 days
Minimum Incubation Period: 15 days
Peak Date (Median Case): June 30
Earliest Case: June 25

Step 1: Peak = June 30 - Count back 28
days - Likely exposure: June 2.

Step 2: Earliest case = June 25 - Count
back 15 days - Earliest exposure: June 10.

Conclusion: The likely exposure period is
between June 2 and June 10.



Frequency distribution of the incubation

infection

I
cases
r

median

period

time

minimu
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incubation period : The difference between maximum and minimum.

maximum

incubation period




Date Number of Cases

e the Date as the X-axis Junel 1
e). June 2 2
e the Number of Cases as June 3 4
Y-axis (frequency of cases). June 4 g
*Plot each date as a bar, where June 5 12
the height of the bar equals the
number of cases. June 6 9
June 7 6
June 8 3
June 9 1

*‘What is the peak date?
*June 5.

*If the incubation period is 3
days, when might the

exposure have occurred?
eCount back 3 days from the peak

(June 5 < June 2)

‘What type of outbreak is
this?

*Point source outbreak (sharp
rise and fall of cases).

Number of Cases

Date of Symptom Onset
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Steps 6, 7, 8, 9 and 10

Develop Hypotheses
» Generate theories about the source of the outbreak, mode of transmission,
and risk factors.
» Example: “The outbreak was caused by contaminated water from Reservoir
X.H

Evaluate Hypotheses
» Test hypotheses using analytic studies like:
* Cohort Study: Compare exposed and unexposed groups.
*+ Case-Control Study: Compare cases (sick individuals) with controls
(healthy individuals).
» Calculate measures like Relative Risk (RR) and Odds Ratio (OR).

Implement Control and Prevention Measures
> Apply measures to stop the outbreak:
* |solation, vaccination, sanitation, or public health messaging.

Communicate Findings
» Prepare and share reports with stakeholders, public health authorities, and
the community.
» Use visual tools like epidemic curves, maps, and tables.

Follow Up and Monitor
Ensure control measures are effective.
Monitor for additional cases to prevent recurrence.



-Thank you

Outbreak Investigations




