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Introduction to Investigating an Outbreak
• Uncovering Outbreaks:

– An outbreak is the occurrence of more cases than expected
– These occur frequently; often they are undetected
– One way to assess for outbreaks is to closely monitor surveillance data; assess for 

commonalities among these data to determine relationships
– Also detected through regular, timely analysis of surveillance data that reveals an 

↑ in reported cases or an unusual clustering of cases by time and place
– Syndromic surveillance found large ↑ in gastroenteritis in NYC in 2003 following 

a large-scale blackout; attributed to eating of spoiled meats
– Infection control practitioners in hospital and clinic settings also collect data to 

ascertain if nosocomial infections are ↑; eg: taking wound isolates to determine ↑in 
MRSA

– Most outbreaks come to the attention of health authorities because they are 
notified by astute and concerned clinicians

– An outbreak of West Nile Virus was detected after an MD treated 2 pts. w/ 
encephalitis in 1999; the same occurred in FL in 2001, when an astute MD notified 
health officials regarding a Dx of inhalation anthrax

– Patients also notify health officials themselves sometimes, reporting illness, for 
example, after consuming food at a particular establishment or reporting an ↑ of a 
particular Dx within a community (eg—CA)
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Introduction to Investigating an Outbreak
• Deciding Whether to Investigate a Possible Outbreak:

– Deciding on whether or not to investigate a potential outbreak depends on 
the severity of the illness, the # of cases, the source, mode of ease of 
transmission, and the availability of prevention and control measures

– Most health depts. are apt to investigate an outbreak if:
• # of persons affected is large; highly severe and life-threatening diseases that are 

easily ID and prevented are somewhat of an exception (botulism)
• The disease is severe (high risk of hospitalizations, complications, or death)
• Effective control measures exist
• The potential to affect others unless prompt control measures are undertaken

– At the state or national level, the unusual presentation of disease may spur an 
investigation; as may occurrence of a new or rare disease

– Field investigation place a burden on health depts.; so, we must also consider 
availability of staff and resources and competing priorities

– Field investigations are justified for one or more of the following reasons:
• Control or prevention of the health problem
• Opportunity to learn (research opportunity)
• Public, political, or legal concerns
• Training



VÉÄÄxzx Éy aâÜá|ÇzVÉÄÄxzx Éy aâÜá|Çz

Introduction to Investigating an Outbreak
– Control and Prevention:

• Most important public health reasons for investigating an outbreak are to help 
guide disease prevention and control strategies

• Control efforts depend on:
– Knowledge of the agent
– Natural course of the outbreak
– Usual transmission mechanism of the disease
– Available control measures

• For example:
– A health dept. learns of an outbreak of Hep A (known agent), in which one of the 

victims is a restaurant cook
– To prevent a second wave of cases (control measures):

» The dept. can offer immunoglobulin within 14 days of exposure (timing)
• Control measures aren’t always necessary; often, if the outbreak follows a time 

cycle and is nearing its end, it is more essential to determine why the outbreak 
occurred and what could be done to eliminate it in the future

• The balance between control measures and further investigation depends on 
how much is known about the cause, the source, and the mode of transmission
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Introduction to Investigating an Outbreak
– Opportunity to Learn (Research Opportunity):

• Because randomized trials can not truly occur in public health, we 
must take advantage when the situation naturally arises

• For a newly recognized disease, field investigation provides an 
opportunity to characterize the natural history– including agent, mode 
of transmission, and incubation period– and the clinical spectrum of 
disease

• Investigators also attempt to characterize the populations at greatest 
risk and to ID specific risk factors

– Acquiring such info. was an important motivation for investigators 
studying such newly recognized diseases as Legionnaire’s disease in 
Philadelphia in 1976, AIDS in the early 1980s, hantavirus in 1993, severe 
acute respiratory syndrome (SARS) in 2003, and avian flu in 2005

• Even for diseases well characterized, an outbreak may provide 
opportunities to gain additional knowledge by assessing the impact of 
control measures and the usefulness of new epidemiology and 
laboratory techniques
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Introduction to Investigating an Outbreak
– Public, Political, or Legal Concerns:

• Important to note: While media and other public or political influences may 
pressure investigations into clusters of disease (eg: cancer in a community), 
RARELY do such investigations identify a causal link between exposure and 
disease

• Public concerns can also be alleviated by documenting and ID the correct
cause of an outbreak instead of popular “theories”

• Some investigations are legally mandated: for example, National Institute for 
Occupational Safety and Health (NIOSH) must investigate risks to health and 
safety in the workplace if requested to do so by a union, three or more workers, 
or an employer

– Program Considerations:
• An outbreak of a disease targeted by a public health programs may reveal a 

weakness in that program and an opportunity to change or strengthen program 
efforts

• ID the outbreaks causes may ID populations that have been overlooked, 
failures in intervention strategies, or changes in the agent

– Training:
• Investigating an outbreak requires a combination of diplomacy, logical 

thinking, problem-solving ability, quantitative skills, epidemiologic know-how, 
and judgment—All of which improves with experience!
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Steps of an Outbreak Investigation
• Once the decision to investigate is made, 

working should be quick and focus on getting 
the right answer

• “Quick and Clean” not “Quick and Dirty”
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Steps of an Outbreak Investigation
• Step 1: Prepare for Field Work:

– Not always the 1st step since some investigations are spurned 
before confirming an ↑ in cases and verifying Dxs

– Preparations to conduct a field investigation are grouped as 
scientific and investigative issues and mgmt. and operational 
issues

– Scientific and Investigative Issues:
• You must have the appropriate scientific knowledge, supplies, and 

equipment to carry out the investigation before departing to the field
• Discuss the situation with an official who might have some experience 

with a similar case—consult the literature about similar cases
• Contact the laboratory that will conduct bio testing—What are the 

appropriate collection, storage, and transportation techniques?
• Determine what kind of protective equipment you’ll need—gowns, 

gloves, masks (N95 vs. droplet mask)
• Define your objectives and design a plan of action defining what will 

be done first, second, and third—”Hit the ground running”
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Steps of an Outbreak Investigation
– Management and Operational Issues:

• Most investigations are conducted by a team—so the primary investigator 
must be a good epidemiologist, leader, manager, and coordinator

• Make up your team based on the needs of the investigation; do you need 
a:

– Laboratorian?
– Veterinarian?
– Translator/ Interpreter?
– Computer specialist?
– Entomologist?
– What is the role of each? Who is in charge? 
– If you are the consultant, are you expected to lead the investigation? What is 

your precise role expectation?
– Who are your potential collaborators?:

» If the outbreak has an animal source = Food & Drug Administration
» If bioterrorist/ criminal intent suspected = Fed. Bureau Inves (FBI)
» If a natural disaster is involved, Federal Emergency Management 

Agency (FEMA)
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Steps of an Outbreak Investigation
– Communication plans  (including how often and when to 

provide conference calls or press sessions) must also be 
established to ensure fast and effective dissemination of 
information to public health officials and clinicians; this was 
highlighted in the West Nile, SARS, and anthrax outbreaks

– When a federal agency is involved in the survey of 10+ 
individuals, the White House Office of Management and 
Budget must provide clearance

– Operational and logistics are also essential:
• Bring a phone card, cell phone, laptop computer, camera
• Arrange where and when to meet local officials if traveling to a new 

area
• Follow the strict budgetary constraints of the paying agency to 

arrange travel, lodging, and local transport
• Obtain a passport, visa, etc. for international investigations
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Steps of an Outbreak Investigation
• Step 2: Establish the Existence of an Outbreak:

– In an outbreak or an epidemic, the cases are presumed to have a 
common cause or to be related to one another in some way

– Note that an outbreak is an epidemic limited to localized ↑ in the 
incidence of a disease

– A cluster is an aggregation of cases in a given area over a 
particular period without regard to whether the number of cases 
is more than expected

– Clusters aren’t always true ↑ in the incidence of a disease; for 
example, if cancer is more common in a particular 
neighborhood, the denominator reflecting the entire community 
or the prevalence of a certain type of cancer might be an 
expected level of prevalence
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Steps of an Outbreak Investigation
– To determine if a true cluster of a condition is occurring, compare observed 

with expected
– The “expected” # is usually the # from the previous weeks or months, from a 

comparable period during the previous few years; but it can also come from 
hospital DCs, state/national data, registries, etc.

– Outbreaks are not always defined by ↑ in #s; severity of illness, potential for 
spread, availability of control measures, politics, public relations, resources, 
etc. also play a role

– ↑ in the # of reported cases (exceeding expected #s) doesn’t always indicate 
true ↑:

• Changes in local reporting?
• Changes in case definitions?
• ↑ awareness due to national/local press attention?
• ↑ due to a new MD or infection control nurse reporting?
• Misdiagnosis or lab errors?
• Is there a change in the denominator? Eg: ↑ in pop. size in migrant areas, college 

towns, etc.
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Steps of an Outbreak Investigation
• Step 3: Verify the Dx:

– Addressed at the same time as verifying the outbreak
– Significant because it ensures proper ID of the disease and verified 

control measures and r/o lab error as the basis for ↑ error
– First, review the clinical findings and lab data; if the lab data is 

inconsistent with the epidemiologic data, ask a laboratorian to review the 
lab techniques

– Second, visit an actual pt. with the disease; bring a specialist with you if 
necessary; ask them:

• What were their exposures before becoming ill?
• What do they think caused the illness?
• Do they know anyone else with the illness?
• Do they have anything in common with others who have the disease?

– Third, summarize the clinical features using frequency distributions; these 
are essential in characterizing the spectrum of illness, verifying the Dx, 
and developing case definitions
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Steps of an Outbreak Investigation
• Step 4: Construct a Working Case Definition:

– A case definition is a standard set of criteria for 
deciding whether an individual should be classified 
as having the health condition of interest:

• Contains clinical criteria and—in an outbreak setting–
restrictions by time, place, and person:
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Steps of an Outbreak Investigation
– The case definition must not include the exposure of risk factor

you are interested in evaluating
– EG: If a hypothesis is that persons on the west wing are at 

greater risk of disease, structure the case definition as: “illness 
among persons who worked in the facility between ___ and 
___.”

• Then conduct the appropriate analysis to determine whether or not those 
on the west wing really do have higher prevalence

– Usually, due to a degree of uncertainty, cases are defined as 
confirmed, probable, possible, or suspect; this is helpful when 
lab results are pending:

• Complete confirmation usually requires laboratory verification
• Probable = clinical features without lab confirmation
• Possible = fewer of the typical clinical features
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Steps of an Outbreak Investigation
– In an outbreak setting, time and place must be 

specified in the case definition
– For example, looking at an outbreak of meningitis 

must have a defined time period, as well as meeting 
PAHO case definitions:
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Steps of an Outbreak Investigation
– Few case definition are 100% accurate in their classifications
– Sometimes, those with S/S are included but not true cases while those with 

similar S/S may be included
– However, epidemiologists must always strive for few or no false-positives
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Steps of an Outbreak Investigation
• Step 5: Find Cases Systematically & Record Data:

– Because such a small % of cases brought to the attention of 
health depts. are determined to be real cases, public health 
workers must look for additional cases to determine the true 
geographic extent of the problem and affected pop.

– Enhanced passive and active surveillance are typically the first
efforts

– Sometimes, the media is alerted regarding a potential outbreak 
(contaminated turkey w/ listerosis in 2002) 

– If cases are more restricted, often a survey is conducted of the
entire population via questionnaire

– Regardless of what instrument is used to collect the data, it is
essential to obtain certain information 
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Steps of an Outbreak Investigation
• Step 6: Perform Descriptive Epidemiology:

– After ID and gathering basic information on the persons 
with the disease, systematically describe some of the 
key characteristics of those persons

– This process of characterizing an outbreak by time, 
place, and person is descriptive epidemiology

– This step is crucial for several reasons:
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Steps of an Outbreak Investigation
– Time:

• The time course of an epidemic is plotted on a graph called an 
epidemic curve, which displays the outbreak’s magnitude and 
time trend

• The classic epidemic curve graphs the number of cases by date 
or time of onset of illness:
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Steps of an Outbreak Investigation
• Interpreting an Epidemic 

Curve:
– 1st step is to look at the 

overall shape, determined by 
the epidemic pattern, the 
period of time over which 
susceptible persons are 
exposed, and the min., avg., 
and max. incubation periods 
for the disease

– An epidemic curve that has a 
sleep upslope and a more 
gradual down slope is point 
source, persons are exposed 
to the same source over a 
relative brief period: any ↑ in 
cases suggests sudden 
exposure to a common 
course one incubation period 
earlier:
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Steps of an Outbreak Investigation
– Cases that stand apart may be just an important as the overall pattern
– An early case may represent a background or unrelated case, a source of the 

epidemic, or a person who was exposed earlier than most of the cases
– Late cases may represent unrelated cases, or persons exposed later than most 

other; or can be miscoded or erroneous data
– All outliers are worth examining carefully because if they are part of the 

outbreak, they may have an easily identifiable exposure that may point 
directly to the source

– In a point-source epidemic of a known disease with a known incubation 
period, the epidemic curve can be used to ID a likely period of exposure

– To ID the likely period of exposure from an epidemic curve:
• Look up the avg. and min. incubation periods of the disease (available on the 

WWW from CDC or Control of Communicable Diseases Manual)
• ID the peak of the outbreak or the median case and count back on the X-Axis 

one avg. incubation period, note the date
• Start at the earliest case of the epidemic and ct. back the min. incubation period 

and note this date as well
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Steps of an Outbreak Investigation
– Ideally, the 2 dates will be similar, which is the probable period 

of exposure
– Widen the probable period of exposure 20-50% on either side 

of the dates; ask about exposures during this widened period in 
an attempt to ID the source

– If the time of exposure and the times of onset of illness are 
known but the cause is not known, the incubation period can be 
estimated from the epidemic curve:

• Subtract the time of onset of the earliest cases from the time of exposure 
to estimate the min. incubation period

• Subtract the time of onset of the median cases from the time of exposure 
to estimate the median incubation period

• Compare the incubation period with those of established diseases which 
might be the possible etiology
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Steps of an Outbreak Investigation
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Steps of an Outbreak Investigation
– Place:

• Demonstrates geographic extent of the problem and 
demonstrated clusters or patterns that provide important 
etiologic clues

• Spot Maps are excellent at pinpointing exposure locations 
and assessing geographic trends:

– If the spot map shows s cluster pattern, look for possible 
explanations– water supplies, wind currents, or proximity to 
restaurant or store

– Clustering of cases in a wing of a nursing home = either focal 
source or person-to-person spread; scattering of cases throughout 
a facility is probably common source, like water or dining hall
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Steps of an Outbreak Investigation
• To assess for an outbreak of surgical wound 

infections in a hospital, cases may be plotted by OR, 
recovery room, and ward room

• To assess “Sick Building Syndrome” and problems 
r/t airflow patterns, cases should be plotted by work 
location

• Limitation of spot maps is that they do not take 
geographic size into acct.

• Area maps showing area-specific rates are better at 
looking at incidence between different areas with 
different population densities

• Divide the # of cases within a county by the 
population of the county to determine the county-
specific rates can be calculated
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Steps of an Outbreak Investigation
– Person:

• Provides a description of whom the case-patients are and who is 
at risk

• Person characteristics are both host (age*, race, sex*, medical 
status) and exposure (occupation, leisure activities, Rx/ilicit-Rx, 
ETOH, tobacco)—Both influence susceptibility to disease and 
opportunities for exposure

• * = most described host characteristics due to ease of collection 
and often r/t exposure to and risk of disease

• Raw numbers are OK at first when looking at overall extent of 
outbreak or those affected; but focus will eventually be needed:

– Classify Hep B cases by IV vs. Non-IV Rx users or by sexual 
contacts; school-based gastroenteritis classified by grade, class, or 
student vs. teacher/staff

• Raw numbers indicate the burden of disease and useful for 
planning service delivery

• Rates are essential for identifying groups with ↑ disease risk
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Steps of an Outbreak Investigation
– Summarizing by Time, Place, and Person:

• After characterizing by time, place, and person, take a look at what 
data you have:

– What does the epidemic curve tell us? Where are we in the epidemic—
start, middle, end???

– Who has higher rates? Women, men, young, old, black, white? Smokers? 
Clustering by residence or worksite? 

• Step 7: Develop Hypothesis
– This step actually occurs very early—i.e., during the first 

interaction with suspected cases
– The hypothesis may address the source of the agent, the mode of 

transmission, and the exposures causing disease
– Remember that the hypothesis needs to be testable
– First consider what you already know:

• What is the agent’s usual reservoir?
• How is it usually transmitted?
• What vehicles are commonly implicated?
• What are the known risk factors?
• “Round up the usual suspects”
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Steps of an Outbreak Investigation
– Go back to interviewing the case-patients:

• If possible, round them up! Put them in a short meeting and interview them 
together, assessing for common characteristics

• Ask them for the right to inspect their homes, look through their refrigerators, 
etc.

– If the epidemic curve points to a narrow exposure period:
• What events occurred around that time?
• Why do people living in one area have the highest attack rate?
• Why are some people with certain characteristics (age, sex, etc.) at greatest 

risk than people with differing (or even similar) characteristics
– Due to ↑ risk of bioterrorism, be on the suspicion for this in any outbreak:

• When the epidemiology doesn’t match the usual or natural patterns of 
transmission, think about intentional methods of spread

• Salmonella poisoning of those in The Dalles, Oregon, 1984
– Outliers also essential to examine: In 1985, a breakout of thyrotoxicosis

occurred in Luverne, Minn. One case was found 60 miles away—in 
Sioux Falls, DK. This person obtained ground beef from Luverne when 
visiting her father!
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Steps of an Outbreak Investigation
• Step 8: Evaluate Hypotheses Epidemiologically:

– Hypotheses are usually tested using a combination of environmental 
evidence, laboratory science, and epidemiology

– Evaluate hypotheses by comparing the hypotheses with the 
established facts:

• Used when clinical, laboratory, environmental, or epidemiologic 
evidence obviously supports the hypothesis

• Formal hypothesis testing becomes unnecessary
• EG: Hypervitaminosis D in Mass in 1991

– Or by using analytic epidemiology to quantify relationships and
assess the role of chance:

• Conducted when evidence is not compelling or circumstances not as 
straightforward

• Involves comparison of expected pattern with a non-exposed control 
group with observed pattern of an exposed experimental group

• Allows ability to quantify relationships between exposures and disease 
and test hypotheses about causal relationships

• Most common are retrospective cohort studies and case-control studies
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Steps of an Outbreak Investigation
– Retrospective Cohort Studies:

• Study of choice in a small, well-defined population
• Investigator contacts each member of the defined population, 

determines each person’s exposure to possible sources/ vehicles, and 
notes whether the person later became ill with the disease in question

• Next, an attack rate is calculated for those exposed and those not 
exposed:
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Steps of an Outbreak Investigation
• Relative and Attributable Risk:

– Comparison of the attack rate in the exposed vs. non-exposed 
group (Risk Ratio or Relative Risk):

» When the attack rate for the exposed group is the same as 
that of the unexposed group, it is equal to 1.0 (the 
exposure is not associated with the disease)

» The greater the difference in attack rates between the 
exposed and unexposed groups, the larger the relative risk 
and stronger the association between exposure and 
disease
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Steps of an Outbreak Investigation
– Another way to assess risk more quantitatively is through 

attributable risk for each exposure:
» The proportion of illness in the entire study population 

that could be attributable to a given exposure, assuming 
those who became ill in the unexposed group must be 
attributable to something else

» May actually underestimate in many outbreaks, since it 
does not take into acct. such common occurrences as 
cross-contamination of foods or sampling from partner’s 
plate
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Steps of an Outbreak Investigation
• Statistical Significance Testing:

– Start with a null hypothesis:
» The relative risk = 1.0; exposure is not related to disease

– Next, compute a measure of association (risk or odds ratio)
– Calculate a chi-square, which indicates the probability of finding an 

association as strong or stronger than the one you observed if the null 
hypothesis were really true (i.e., the exposure does not cause 
disease):

» If the p value is very small (<.05), discard or reject the null 
hypothesis (i.e., the exposure DOES cause the illness)

» Note that a Chi-Square value > 3.84 corresponds to a p value 
<.05; thus reject the null if Chi-Square > 3.84

» P value is not always absolute; in small studies with relatively 
few persons, p tends to be >.05 although the null may actually 
be true; p can also be <.05 by chance and not be a true 
explanation of an outbreak

» Chi-Square good for studies w/ > 30 participants
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Steps of an Outbreak Investigation
• Confidence Intervals:

– An alternative to calculating p values
– Confidence Interval of 95% = p <.05

– Case-Control Studies:
• Because during an outbreak the population is not well-defined and because speed of 

investigation is so important, case-control study becomes the design of choice
• Questions are asked about exposures to the case-patients and to a comparison group 

(controls—without the disease)
• Next, an odds ratio is calculated to quantify the relationship between the various 

exposures and disease
• Finally, a p value is calculated; 
• Choosing Controls:

– Controls should be similar to the cases, but not with the disease
» Population-based controls from random telephone/household surveys
» Neighbors of case-patients*; pts. from same MD/hospital w/o disease*; friends of 

case-pts.* (* = greater risk of bias)
– Logistical issues must also be considered:

» How to contact controls, gain their cooperation, ensure they are free of disease, and 
obtain appropriate exposure data

» Size of the sample needed (In outbreaks of 50+, use a 1:1 ratio of controls to cases; 
in smaller outbreaks, ↑ this to 2, 3, or 4+ controls per case
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Steps of an Outbreak Investigation
• Odds Ratios:

– In most case-control studies, the population is not well defined, 
and the total # of people exposed/unexposed is not known; thus, 
attack rates cannot be calculated

– An odds ratio is selected 
– Approximates the relative risk found if a cohort study had been 

feasible
– Perform Chi-Square
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Steps of an Outbreak Investigation
• Step 9: Reconsider, Refine, and Re-Evaluate Hypotheses:

– Analytic epidemiology doesn’t work if hypotheses aren’t solid
– When analytic epidemiology is unrevealing, rethink hypotheses:

• Convene a meeting of case-patients together and look for links
• Visit homes of case-patients and look at shelves!
• An outbreak of Salmonella Muenchen in OH occurred; no food-

source could be determined yet only 41% of controls has people aged 
15-31in the home; re-examination looking at risk factors for young 
adults found contaminated marijuana was the culprit

• Focus the hypothesis and narrow it down: 
– Although a grocery store was implicated in an outbreak of Legionnaire's 

–what about the store was significant. Cases walked investigators
through the store and all purchased vegetables sprayed with a 
contaminated ultrasonic mist machine

• Sometimes, controls need to be more closely matched to cases:
– Initially, a restaurant was implicated in an outbreak of Clostridium; 

eaters identified a common sandwich—radio ads recruited eaters who 
didn’t become ill—they didn’t eat sautéed onions on the sandwich 
(which were contaminated)
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Steps of an Outbreak Investigation
– Keep in mind that beyond initiating control 

measures, “experiments of nature” (i.e. 
outbreaks) are excellent research opportunities:

• The pts. Infected with West Nile Virus in NYC in 
1999 were followed for 2 years to determine 
sequelae of the disease

• Step 10: Compare and Reconcile with Laboratory and Environmental Studies:

– Coordinate with the laboratory, take pictures of 
conditions, and bring back physical evidence to 
be analyzed to confirm associations
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Steps of an Outbreak Investigation
• Step 11: Implement Control and Prevention Measures:

– In practice, implement as early as possible, even before 
investigation if feasible

– Confidentiality is critical in many situations; failure to 
maintain confidentiality can doom effective 
investigation/Tx

– Control measures are directed at one or more segments 
of the chain of transmission (agent, source, mode of 
transmission, portal of entry, or host)

– Often, cases need to be cohorted (quarantined) to avoid 
transmission to others

• Step 12: Initiate or Maintain Surveillance:
– Begin, continue, and maintain active surveillance to ensure:

• The outbreak is improving 
• The outbreak hasn’t extended beyond its original area
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Steps of an Outbreak Investigation
• Step 13: Communicate Findings:

– Final task is to summarize the investigation, its 
findings, and its outcomes in a report, and to 
communicate the report to appropriate health authorities 
via:

• An oral briefing for local authorities:
– Should be in easy to understand terms
– Should provide appropriate control/ Tx implementations

• A written report:
– Prepared in scientific format:

» Introduction
» Background
» Methods
» Results
» Discussion and Recommendations
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Summary
• Most important reason to investigate outbreaks is 

to learn about situations to implement control and 
prevention efforts

• Investigations are conducted quickly and should 
be well-coordinated with clear communication 
and a precise plan

• The steps of investigation include:
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