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Presenter
Presentation Notes
This is Topic 5 of our Veterinary Services, Outbreak Investigation training course. In this short PowerPoint we will discuss the key aspects of generating an initial hypothesis during an outbreak investigation. My name is Mark Camacho and I am a Regional Epidemiologist with Veterinary Services located in Raleigh, North Carolina. I will be your narrator throughout this presentation and will briefly guide you through the course material. I have also included some references at the end that you can find online if you would like to read further on the topic.




After completing this Lesson you should:   
 

 
◦ Use “descriptive & analytical epidemiology” of outbreak 

to guide your hypothesis generation 
◦ Review the literature, talk to experts, interview owners, 

and examine previous case histories before generating a 
hypothesis 

◦ Know where to find the clues for determining 1) 
disease, 2) route of exposure, and 3) population at risk 

◦ Know that your hypothesis is an educated guess…                           
…based on available data…                                                                             
…that will generate further investigation and 
clarification 
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The objectives of this presentation are pretty straight forward. In order to generate a hypothesis as to what caused a particular outbreak, you must first gather and organize all the available data and then describe the outbreak by person, place and time. Then you want to analyze your data to begin pointing you towards the most likely causative agents, routes of exposure, key events and contributing factors. If need be, review the literature, talk to experts, interview owners or producers, and examine previous cases before generating a hypothesis.
Know where to find the clues that will assist you in determining the causative agent, route of exposure and population at risk. I have listed some of these clues and where to find them at the end of the presentation. 
And finally, remember that your hypothesis is simply your best guess at summarizing the outbreak. Whatever you decide will lead to actionable items like mitigation strategies, the spending of some resources, and a testing phase that will try to confirm that the hypothesis you chose is correct.




 An increase in the number of disease cases over 
and above an “expected” number per given place 
or time period 

 In rare diseases, one case may be considered an 
outbreak  

 Some reportable, highly contagious or damaging 
diseases may warrant an investigation by law 

 Clusters  are an aggregation of relatively 
uncommon events or diseases in space or time in 
amounts  

   believed or perceived to be greater  
   than could be expected by chance 
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So quickly, What is an outbreak? Well an outbreak is simply defined as an increase in the number of disease cases over and above an “expected” number per given place and time period. In some instances, one case of a rare disease would be considered an outbreak and warrant a full-blown investigation. Many FADs would fall under this category. Finally, cases that can be grouped together by disease or by syndrome may sound an alarm to the epidemiologist to investigate if these cases are possibly related in any way and might represent an outbreak in need of intervention.




 Disease detection or pathogen specific 
detection 

 Notification/complaint systems from 
hospitals, markets, kill plants, farms, clinics, 
labs, other places 

 Syndromic surveillance  
◦ Oral ulcers, highly contagious 
◦ Diarrhea 
◦ Abortions 
◦ Respiratory 
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So, how are outbreaks detected? Outbreaks can be detected in a few different ways. In general, outbreaks are usually detected by human or veterinary health monitoring organizations that are looking for:
Specific cases of certain diseases or injuries, or
From notifications and complaints made to state or federal officials of certain diseases or syndromes by primary care practitioners or health inspectors. These notifications can come in from astute personnel at hospitals, livestock markets, slaughter plants, health clinics, labs and other places where diagnostic work or inspections are being done.




1. Defined population, but unknown pathogen.                      
May be associated with an event like a picnic                         
or a cattle sale.  

2. Defined pathogen, but unknown population. 
Must use case-control approach and best clues 
for exposure may be demographic distribution 
of cases. 

3. Defined pathogen in a known population. You 
must look for the source… and subsequent 
exposures (traces) 

4. Unknown population and pathogen. A cluster of 
syndromic cases within a large geographical 
area. May or may not be related. 
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There are several different ways that outbreaks present themselves to the epidemiologist. The first two types are common among food-borne outbreaks and are well recognized in the literature. The first type is where a defined population, say, animals at a show or people at a picnic, become sick due to an unknown pathogen. The second type is where a defined pathogen, like, say, E. coli 0157-H7 or “Lyme’s disease” is detected, but it’s in an unknown population. The third type of outbreak is more common to livestock disease outbreaks, as livestock are usually maintained in groups or herds. It involves knowing the pathogen and the basic production unit where the animal resides, but the source and spread of the outbreak is unclear. Any detection of a particular pathogen in production livestock will usually lead you back to a group of animals, and from there the epidemiologist must determine a source or subsequent exposures from this group. And the last type of outbreak is where a cluster of syndromic cases comes to your attention and you must determine if they are somehow related and thus meet the definition of an outbreak.

Depending on the type of outbreak you are presented with, the answers you are looking for may vary slightly. However, in the end, your hypothesis will still need to describe the outbreak in terms of pathogen, population at risk and route of exposure.



A common model used in 
public health illustrates 
the relationships among 
an agent, a host and the 
environment. It applies to 
biological, chemical and 
physical agents. For a 
disease or injury to 
occur, these basic 
elements must be 
present. 

Disease occurs 
when an outside 
agent capable of 
causing the 
disease or injury 
meets a host 
that is vulnerable 
to the agent in 
an environment 
that allows the 
agent and host 
to interact. 

Source: University of Minnesota Center for Public Health Preparedness in 
conjunction with Centers for Disease Control 
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A common model of disease causation is known as the Epidemiologic Triad. It illustrates the interrelationships between a host, an agent, and their environment. This model works for not only biological agents, but for chemical and physical agents as well. As the box on the right of the slide shows ‘Disease occurs when an outside agent capable of causing the disease or injury meets a host that is vulnerable to the agent in an environment that allows the agent and host to interact.’




Outbreak 
investigations boil 
down to three basic 
questions: 
 Agent  
◦ What is the 

causative agent? 
 Environment 
◦ What is the route                      

of transmission? 
 Host 
◦ What is the 

population at risk 

Introduction to Outbreak 
Investigation 7 

 

Presenter
Presentation Notes
So using the Epidemiologic Triad as a guide, any outbreak of disease must also have the same basic components of the disease triad:
For Host we think in broader terms as to “What is the population at risk?”
Agent is still “What is the causative agent?”
And for Environment, we think in terms of “What factors brought the agent and host together in order to allow disease?” or “What is the route of transmission?”




The hypothesis 
must answer these 
basic questions in 
the context of a 
particular 
outbreak. Other 
important aspects 
of the outbreak 
will be related to 
these questions. 
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Furthermore, most aspects of an outbreak that need to be explained, like contributing factors, traces, mitigating strategies, and recommendations will also be related to these three basic factors:
Population at risk, causative agent, and route of exposure.



 Identify disease or etiologic agent 
 Identify animals/persons at risk 
 Identify mode or vehicle of transmission 
 Identify source of exposure 
 Identify subsequent exposures 
 Identify contributing factors  
 Identify mitigation procedures 
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Here is a list of the most common questions asked when investigating an outbreak of some kind:
What is the disease or etiologic agent?
What are the animals or persons at risk?
What is the mode or vehicle of transmission?
What is the source of exposure?
What are the subsequent exposures?
What are the contributing factors?
And, what mitigation procedures should be recommended?
 



 What 3 basic questions does every hypothesis 
need to address in order to accurately explain 
an outbreak? 
1. What is the causative agent? 
2. What is the population at risk? 
3. What is the route(s) of transmission? 
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1. A supposition, arrived at from observation or 
reflection, that leads to refutable 
predictions.  

2. Any conjecture cast in a form that will allow 
it to be tested and refuted. 
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The definition of a hypothesis is: any supposition, arrived at from observation or reflection, that leads to refutable predictions. This is a good working definition because it implies that in an outbreak, you should arrive at your hypothesis after gathering your observations and data, then, after careful reflection, you would come up with a scenario that has refutable predictions that can be tested.




1. Review “descriptive epidemiology” (person, 
place, time, type of outbreak, clinical signs) 

2. Review literature, conduct interviews and 
formulate your best guess as to most likely 
◦  cause or agent,  
◦ route of exposure and  
◦ population at risk. 

3. Try to come up with a scenario  
     that incorporates as much data  
     as possible 
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So, what are the steps for generating your hypothesis? First review your outbreak investigation data and consider what it is telling you in regards to causative agent, route of exposure and population at risk. If you need to, review the literature and conduct interviews or surveys in order to gather more data that might help you formulate your hypothesis. Try to develop a scenario that is reasonable, coherent and consistent with what is currently known on the particular type of outbreak.




4. Pay particular attention to unusual cases as 
they may turn out to be the index case and 
provide information on initial exposure 

5. Consult with experts from the lab, 
experienced epidemiologists and trusted 
colleagues to help formulate your best initial 
hypothesis. There is strength and wisdom in 
a group effort 
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Don’t forget to pay attention to cases that look like they don’t belong to the overall scenario. These may be the index cases in a given outbreak and may help you determine how the outbreak began. 

And finally, consult your colleagues and other experienced professionals if you have any doubt about your hypothesis. There is much to be gained by sharpening your ideas during discussions with others.




 Laboratory  
◦ Confirm diagnosis 
◦ DNA fingerprints? 
◦ Presence in 

environment 
 Environment 
◦ Fomites 
◦ Feed 
◦ Soil, water, pasture 

 Epidemiology 
◦ Person, place, time 
◦ Formulate hypothesis 
◦ Test hypothesis 
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This slide simply illustrates the three investigative arms of any outbreak investigation: 
The laboratory analysis
An environmental assessment, and
The epidemiologic investigation 

And like the Epidemiologic Triad, these investigative components are interrelated. So don’t forget to consider all three of these investigative branches before formulating your hypothesis.




1. Diagnostic tests and laboratory information 
2. Necropsy 
3. Clinical signs 
4. Incubation period 
5. Type of transmission or epidemiology curve 
6. Host animal/person signalment 
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Where does one look for clues as to the type of disease they might be working with? Well obviously you would want to start with your signalment (age, sex, species of affected individuals). Then you would want to pay attention to the clinical signs and the appearance of the disease and how it seems to spread in order to determine what kind of agent you might be dealing with. Next you can look to necropsies and diagnostic tests and laboratory assistance to help you narrow the possible causative agents. Finally, you want to do a literature search of similar outbreaks and review similar cases in order to point you in the right direction.



1. Line listing of cases 
2. Case-control approach 
3. 2X2 Table odds ratios and relative risk ratios 
4. Type of disease (if known) 
5. Type of transmission or the epidemiology 

curve 
6. Known contacts with cases 
7. Sales records, purchase records, adjacent 

farms, visitors to farm, local market records, 
farm employees 
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The clues for trying to determine route of exposure are found by using some of the most classic epidemiological investigation techniques known to the epidemiologist. They involve using a case-control approach to compare exposures between cases and controls in order to identify the most likely exposure pathway. This approach requires construction of a 2x2 table and the calculation of odds ratios and relative risks. You should also look at the line listing of cases to see if that points to some common source or exposure. Furthermore, the type of disease and the epidemiology curve would also assist you in determining a possible exposure pathway. Finally, much of veterinary outbreak investigation is based on records of commercial business transactions and financial activities regarding sales and movement of animals and related human activity associated with the animals.



1. Line listing of cases 
2. Signalment of cases (species, age, breed, 

sex) 
3. Type of disease (if known) 
4. Type of transmission or epidemiology curve 
5. Known contacts with cases or exposed 
6. Interviews and records of possible contacts 

with cases or exposed 
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The clues for determining the population at risk are pretty straight forward. The most helpful information would be to know the specific disease and then determine contacts with cases or exposed gathered from interviews or records. With this information you could estimate susceptible contacts and determine who needs to be tested for disease. Without this information, veterinary investigators are sometimes forced to use a less specific, ‘shotgun’ type approach of having to test everything that might have been exposed over a given period of time. This approach involves prioritizing groups of contacts as to likely exposure and testing them in a step by step sequence according to estimated risk of exposure. This also usually means testing far more individuals than if you had better information pointing towards a specific population at risk. But again, you are bound by the quality of the information from your investigation and you can only proceed based on the data and your experience.




 Remember that your hypothesis is only as good 
as your epidemiologic investigation 

 Your hypothesis is your best educated guess 
 Hypothesis should summarize three basic 

questions: 
◦ Host (population at risk) 
◦ Agent (biological, chemical, physical) 
◦ Environment (route of exposure,  interaction between 

agent and host) 
 Know the clues for determining agent, population 

at risk and route of exposure 
 Sharpen your hypothesis by discussing it with 

colleagues  
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So, in summary:
Remember that your hypothesis is only as good as your epidemiologic investigation
Your hypothesis is your best educated guess
Hypothesis should summarize three basic questions:
Host (population at risk)
Agent, and
Environment 
Know the clues for determining agent, population at risk, and route of exposure, and
Discuss your hypothesis with your colleagues 
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