
Introduction to Outbreak Investigation 
Module 2 – Confirming the Diagnosis 

Module 3 – Case Definitions 
 

Presenter
Presentation Notes
This is Brian McCluskey, Chief Epidemiologist for Veterinary Services.  Welcome to Module 2 and 3 of the “Introduction to Outbreak Investigation” course.  These modules  will provide information on how to  answer the following questions during an outbreak investigation:  “Are we certain there is disease?”  and  “What should we call a case?



 Steps to confirm the diagnosis to include:  
◦ Diagnostic testing as it relates to confirming the 

diagnosis 
◦ Sensitivity and specificity as they relate to 

diagnostic testing 
 Define case definitions  
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When you have completed this module you should understand the importance of choosing the right test for the right situation to confirm a diagnosis, understand how sensitivity and specificity of diagnostic tests may affect how to proceed with an investigation, and know how to develop and use a case definition during and outbreak investigation.    



  Clinical findings 
   
Laboratory results and methods  
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Time course of infection: Test selection 
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Let’s get started with the steps involved in confirming a diagnosis.  Clinical findings and laboratory results play a major role in diagnosis of disease.  Obtaining the appropriate sample and employing the appropriate diagnostic test are key to getting the right information.  For example:  The graphic here titled the “Time Course of Infection” is a general layout and not all organisms follow it, but it gives us a good place to start to discuss the appropriate connection between clinical signs and diagnostic testing. The graphic depicts when detection of the agent and when detection of the response to the agent, usually the production of antibodies, are best attempted during disease progression.  Clinical findings or observations are often the initiating event in an outbreak investigation.  Experienced clinicians know that in most situations it is not prudent to jump to a diagnosis based on initial clinical signs alone.  There may not be clinical signs in animals with certain diseases.  Tuberculosis is a good example of a disease where clinical signs are usually not evident until late stage disease.  	Careful evaluation of laboratory results and methods is important in confirming a diagnosis.  There are many questions you can ask yourself: Did you get a good sample?  Never be afraid to consult the testing laboratory prior to obtaining laboratory samples.  Do the lab results corroborate the clinical signs observed?  Is additional evidence needed to corroborate laboratory and clinical findings? Was the appropriate test performed?



 Species, Sample, and Purpose for which 
test was designed and validated 

 What is measured?  Does this relate to risk? 
◦ Antibody may reflect prior exposure or 

vaccination and not present risk  
 Screening test or Confirmatory test?  
◦ Sensitivity/Specificity 

 Individual test or Herd test? 
◦ Significance of single result in a group of 

animals 
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Assume you are investigating a case where oral lesions are observed in a goat. There are several things to consider for the application of the appropriate diagnostic test.  What are the nature of the lesions? Are they vesicles or erosions with an acute appearance or are they old, crusted and healing?  Is the goat febrile?  Are there other clinical features that may not be associated with the oral lesions?  If there are clinical signs consistent with a recent infection, isolation of a viral or bacterial agent may be successful. But if the lesions are old, and healing looking for antibody through serological testing would fit the purpose better. Antibody titers to pathogens can be maintained for long periods of time so a positive serologic test result may reflect prior exposure or even vaccination.  Also keep in mind that the sensitivity and specificity of tests affect the accuracy of a positive or negative result as do whether a test is being applied to a population of animals or to an individual animal.  



 Situation:  100 horses 
  
◦ 90 horses are healthy 

 
◦ 10 horses have the disease 

 
◦ Positive test result 

 
◦ Negative test result 
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To review sensitivity and specificity of diagnostic tests and how these test attributes affect diagnosing disease, the next several slides will use a scenario where in a population of 100 horses,  90 of them are healthy and 10 of them are diseased.  Positive test results are represented as pink squares and negative tests as blue squares.



Infected Not Infected 
 
Test Positive 
 
 

True Positive False Positive 

 
Test Negative 
 
 

False Negative  
 

True Negative 
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When a diagnostic test is applied there are four possible test outcomes:  True positives (these horses are infected), false positives (these horses are not infected), false negatives (these horses are infected), and true negatives (these horses are not infected).  
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 Sensitivity is the ability of a test to 
identify individuals who have a given 
disease or condition. 

 If a test is 100% sensitive, all infected 
horses will be found by a positive test 
result.  
◦ Horses testing negative do not have the 

infection.  There will be no “false negative” 
tests  
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The sensitivity of an assay is the proportion of infected animals that test positive.  Applying an assay or test that is 100% sensitive to the population of horses in our scenario would result in all infected horses being identified by a positive test result, which is displayed in the next slide.
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All ten infected horses test positive.  The issue of course with a test that is 100% sensitive is that it captures all the truly infected horses but also results in disease negative horses testing positive. 



 If a test is not 100% sensitive, some of the 
infected horses will not have a positive test 
result.    

 There will be some “false negatives”  - 
horses with the infection that have a 
negative test result 
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When an assay is less than 100% sensitive, which is true for most assays, some of the infected horses will test negative. That is, there will be some false negatives (horses with the infection that have a negative test result).  This is depicted in the next slide.
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 If sensitivity is low, infected horses may not be 
identified in testing 
◦ Risk spread of disease either within a population or 

between populations if infected horses contact naïve 
horses 

 Examples  
◦ Tests that rely on culture of bacteria or viruses:  e.g. 

CEM, equine arteritis virus 
◦ Tests that are easily affected by sample quality:   

e.g. PCR  
◦ Methods that lack amplification of reaction:   

e.g. agar gel immunodiffusion  
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When an assay is less than 100% sensitive, some infected horses will not test positive.  There will be some false negatives (horses with the infection that have a negative test result). Low sensitivity in an assay can impact the spread of disease by allowing infected horses in contact with naïve horses to transmit the disease.  This may result in more rapid spread of disease than is anticipated based on the diagnostic testing.  



 If sensitivity is high, infected horses will likely 
be identified in testing provided the test is fit 
for purpose 
◦ Tests with high sensitivity are desirable to exclude 

introduction of infected animals 
 Highly sensitive tests may not accurately reflect 

risk for transmission 
◦ Could unnecessarily exclude horses that are not 

infectious 
 Example:  PCR that detects nucleic acid fragments beyond 

the time when the horse is shedding the pathogen 
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A highly sensitive test is desirable in controlling outbreaks in that few infected animals are missed following testing allowing for some control of transmission.  The trade off of course is that non-infected animals will test positive and may be prohibited from moving or in a worse case scenario culled due to perceived infection.  



 Specificity is the ability of a test to 
correctly exclude individuals who do not 
have a given disease or condition. 

 If a test is 100% specific, all negative 
results will represent uninfected horses.   

 There will be no false positives. 
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The specificity of an assay is the proportion of non-infected animals that test negative.  Applying an assay or test that is 100% specific to the population of horses in our scenario would result in all non-infected horses being identified by a negative test result. 



 If a test is not 100% specific, some of the 
horses that are not infected will be falsely 
identified as positive. 

 There will be false positives. 
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As with sensitivity, specificity follows that tests are not usually 100% specific and so some non-infected horses will test positive or be false positives.   This is depicted on the following slide.



Introduction to Outbreak Investigation 16 



 If specificity is low, animals that are not infected 
may be labeled as positive  
◦ May result in perception that outbreak is larger than it 

really is   
 
 If specificity is high and the test is fit for 

purpose, there will be false negative test results 
◦ May result in perception that outbreak is not as large as it really is 

 
  
 

17 Introduction to Outbreak Investigation 

Presenter
Presentation Notes
A diagnostic assay with low specificity will result in some non-diseased animals testing positive.  This may result in an incorrect assumption that an outbreak is larger than it really is if cases are determined by diagnostic test results alone. A diagnostic assay with high specificity will result in some diseased animals testing negative.  This may result in the perception that the outbreak is not as large as it really is if cases are classified based on diagnostic tests alone. 



 Individual outbreaks require standardized case 
definitions 
 

 Case definitions should include criteria for: 
◦ Animal/Farm 
◦ Place 
◦ Time 
◦ Diagnostic criteria 
 

 APHIS-Veterinary Services’ Outbreak Surveillance 
Toolbox is a good resource for case definitions 
 

 Do not include potential risk factors in the case 
definition 
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The previous slide referenced the idea that how a “case” of disease in an outbreak is determined is important to outbreak investigation and response. Outbreak investigations require standardized case definitions. These definitions should include criteria for animal or farm, place, time, and the diagnostic criteria of the disease.  Standardized case definitions should be used whenever possible.  A subsequent module in this series will provide information about the Outbreak Surveillance Toolbox where a listing of standardized case definitions is available. You should not include potential risk factors in your case definition or you may lose the ability to understand whether those potential risk factors are truly risk factors for disease. 



 Can have suspect, presumptive positive, confirmed positive  
 

 Case Definition for Equine Piroplasmosis 
 
◦ Suspect case: Any equid with: 
 Clinical signs consistent with equine piroplasmosis; OR 
 History of exposure; OR 
 An inconclusive or positive test (Giemsa-stained blood film, or CF, or IFA, or c-

ELISA, or PCR) performed on sample taken during routine screening or surveillance 
for equine piroplasmosis. 
 

◦ Presumptive positive case: Any suspect case with: 
 Epidemiological information consistent with equine piroplasmosis; AND 
 A positive test for equine piroplasmosis (Giemsa-stained blood film, or CF, or IFA, 

or c-ELISA, or PCR). 
 

◦ Confirmed positive case: Any equid tested positive for equine 
piroplasmosis by NVSL or a laboratory designated by the Secretary of 
Agriculture by at least one of the following methods: CF OR cELISA. 
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It may be useful to have suspect, presumptive positive and confirmed positive classifications which can help with tracking cases through time and in estimating the burden of disease by knowing the ratio of definite to probable and/or possible cases. It’s also not necessary to confirm every case in an outbreak investigation. Only a proportion of cases in a cohort of animals with disease that meet other criteria, such as the probable or possible case classifications, need to be laboratory confirmed. An example of a case definition for equine piroplasmosis is presented here.  These definitions were used during the investigation of a piroplasmosis outbreak in 2009-2010.



 Confirm the diagnosis 
o Identify clinical signs 
o Diagnostic testing 

o Select test that is fit for purpose 
o Choose test with appropriate sensitivity and specificity 
o Understand limitations of test 

o Farm visits 
o Consult with experts 

 
 Case Definition 
◦ Utilizes type of animal, clinical sings, diagnostic test results, 

place and time to set up criteria for classifying animals with the 
disease in question. 
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In summary, a disease diagnosis must be confirmed through reviewing the clinical findings, epidemiologic information, and laboratory reports. Do they make sense for the disease being reported? Review the laboratory results and methods, interview owners of diseased animals cases, and consult with subject matter experts when the disease is unusual or the clinical manifestations or laboratory data are unclear or confusing.  It is important to understand the attributes of available tests including sensitivity and specificity estimates, and also the underlying test limitations.  A case definition is a set of uniform or standardized criteria that classify animals investigated during a disease outbreak.  Case definitions are critical to the successful determination of what is and is not a case. These definitions should include criteria for animal or farm, place, time, and the diagnostic criteria of the disease but should not include potential risk factors associated with the disease.  
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