How do | test my
hypothesis?

Introduction to Outbreak Investigation
Module 7 - Analytical Epidemiology



Presenter
Presentation Notes
Welcome to module seven in the introduction to outbreak investigations. My name is Jason Lombard, and I’m a veterinary epidemiologist with the National Animal Health Monitoring System.  In module seven, we will discuss analytical epidemiology - how do I test my hypothesis?


Outline

» Objectives for this module
» Review the steps in an outbreak
(epidemiological) investigation
» Analytical epidemiology
- Type of studies

» Hierarchy of evidence
» Data sources

» Quiz
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This is the outline of what we will cover in this module. First we’ll review the objectives for this module and review the steps in an outbreak investigation. We will then focus on analytical epidemiology and the types of studies that are used; we’ll explain the hierarchy of evidence and which types of evidence are needed in order to prove causation; we’ll review data sources and end the module with a short series of quizzes.


Analytical epidemiology

Learning objectives for this module:

1. Understand the role of analytical
epidemiology in an outbreak investigation

2. Become familiar with the types of analytical
studies and which type to use depending on
the situation.

3. Understand the benefits and limitations of
analytical epidemiology.

4. Review sources of data.
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There are four learning objectives for this module. The first objective is to understand the role of analytical epidemiology in an outbreak investigation; we’ll then become familiar with the types of analytical studies and which type should be used depending on the outbreak; understand the benefits and limitations of the different types of analytical epidemiological studies and review sources of data.


O steps of outbreak investigation

Confirm the existence of an outbreak
Confirm the diagnosis

Develop a case definition

Establish disease monitoring and surveillance
Perform descriptive epidemiology

Generate hypotheses

v Perform analytical epidemiology

» Implement control and prevention measures
»  Communicate findings

vV VvV Vv VvV Vv V9
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This slide reviews the process of an outbreak investigation, and where analytical epidemiology is applied. The first step is to verify that an outbreak is occurring. The  second step is to confirm a diagnosis and then to define cases. The fourth step is to establish disease monitoring and surveillance activities. Next we perform descriptive epidemiologic analyses and from them, generate one or more hypotheses. In this module we will discuss analytical epidemiology and testing hypotheses. The remaining steps in outbreak investigation include application of control and prevention measures and finally, communicating the findings of the investigation.


Analytical epidemiology

An analytical study is typically done after a
descriptive study is completed

»  Remember descriptive studies: ecologic, case
report, case series and surveys

» Hypothesis generation/ development

»  Analytical epidemiology will evaluate/ test the
hypothesis
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An analytical epidemiologic  study is typically done after descriptive epidemiology is completed. Recall from the descriptive epidemiology module, we talked about the different types of studies including ecologic studies, case reports, case-series, and surveys. We will use analytical epidemiology to test hypotheses that were developed based on findings from the descriptive epidemiology phase.


Describes:

Epidemiology

o Who?
what population?

o What?
o Where?
o When?
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As a review, epidemiology seeks to answer multiple questions. These include who, or in veterinary epidemiology, which animals, operations, or populations of animals are infected, what they are infected with; where the cases are located and the relative timing of when the cases were detected. Eventually, it is important to identify the cause of the disease, which involves answering the questions why and how.


®

Descriptive
epidemiology

Describes:

o Who?
what population?

o What?
o Where?
o When?
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At this point, then, we will have data from our descriptive epidemiologic study or studies to characterize the who, what, where, and when of the outbreak.


Analytic Describes:
epidemiology
o Who?
what population?

o What?

o Where?

o When?

0 W’IY?
Cause = Effect= o How?
BVD vaccination Bovine

neonatal

pancytopenia
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In analytical epidemiology our goal is to perform hypothesis testing based on the information we learned in the descriptive epidemiology phase. As an example, recently a new disease referred to as “bovine neonatal pancytopenia” was discovered in Germany and the surrounding countries. Through the use of descriptive and analytic epidemiology, a specific bovine viral diarrhea vaccination was shown to be the cause of this new disease. In the case of bovine neonatal pancytopenia, the why and how of the disease were determined using analytic epidemiology. 


Analytical epidemiology
benefits

» Useful to identify the cause of the
disease but not always conclusive
> Provides evidence

» Establishes estimates of risk (odds ratio
or relative risk) of a particular exposure
leading to the disease of interest
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There are two benefits to using analytical epidemiology during or after an outbreak. The first is that it is a useful tool for identifying causation of disease, although not all epidemiological studies will provide conclusive evidence. Often, analytical epidemiology provides evidence and only via multiple studies can causation be proven. The other benefit of analytical epidemiology is that it establishes some estimates of risk, usually expressed in terms of an odds ratio, or relative risk of a particular exposure leading to the disease of interest.


Analytical epidemiology
limitations

» More consuming than descriptive
epidemiology - resource intensive (time,
personnel, etc.)

» Requires hypothesis, case definition and
potential exposure(s)

» Studies also require unaffected animals
which make studies more costly
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Along with the benefits of analytical epidemiology, there are also limitations. These studies tend to be more resource intensive than descriptive epidemiology in terms of time and personnel. Analytical studies also require a hypothesis, case definitions, identification of potential exposures, and assignments of case and exposure status to animals or herds. Analytical epidemiology usually requires enrollment of a comparison or control group, that is, unaffected animals. This requires enrollment of a larger sample, and makes analytical studies more costly than descriptive studies.


Purpose of analytical studies

A study considers two types of variables:
exposure and outcome

» Exposure refers to factors that might
influence one’s risk of disease

» Outcome refers to case definitions
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The purpose of analytical epidemiological studies is to evaluate a hypothesis. Hypothesis testing typically involves two types of variables: exposures and outcomes. Exposure refers to those factors that might influence an animal’s risk of contracting a disease while the outcome refers to disease status based on our case definition. The type of study chosen depends on whether we know the outcome and want to evaluate possible exposures, or have an exposure of interest and follow those animals to see if the outcome occurs.


Purpose of analytical studies

» To statistically show a relationship between
exposure and disease outcome

EYERVEBODY WHO WENMT TO
THE MOOM WAS EATEMN

CHICKEMN!

i
CoCch GQRIEF.
CRICKEN MAKES

You o TO

THE HMoON!
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The purpose of analytical studies is to statistically evaluate relationships between exposure and disease outcome.



Types of epidemiology studies

» Descriptive epi: studies the occurrence and
distribution of disease

» Analytical epi:

- Observational: More in depth studies to validate (or
reject) a hypothesis about the occurrence of disease

- Experimental Epi: Deliberate control of an exposure
to evaluation the response and monitor it’s effect
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There are two types of analytical epidemiological studies; one is observational and the other is experimental. Observational analytical epidemiologic studies are used to evaluate hypotheses about the natural occurrence of disease or other aspects of population health. The second type of analytical epidemiological study is experimental in which one or more exposures or interventions are deliberately controlled to evaluate the response. Clinical trials are common types of experimental epidemiological studies. Often, experimental epidemiological studies cannot be conducted because of ethical reasons, costs, or other considerations. Can you think of a clinical trial that could not be conducted because of these reasons? For some diseases or disorders, we need to rely on observational epidemiological findings.


Observational studies

» Investigators try not to influence the natural
course of events, but make observations with
attention paid to exposure and outcome

» These type of studies “allow nature to take its
course” and the results are obtained

» Because researchers are not controlling all
the risk factors or exposures, confounding
may be an issue
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In this module we will focus on observational studies. As the name implies, during observational studies, investigators do not influence the natural course of events, but record observations on exposure and outcomes. In these types of studies, we allow nature to take its course and the results are obtained. Investigators do not manipulate the group or assign treatment or exposure but because researchers are not controlling all the risk factors or exposures, confounding may be an issue. When confounding is suspected it must be addressed in the analysis.


Analytical studies

Prospective vs. Retrospective

» Prospective: Only the exposure has occurred
at the start of the study

» Retrospective: Both the exposure and
outcome have occurred when study begins,
these require prerecorded data or secondary
sources of data
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Analytical studies can be performed prospectively or retrospectively. During prospective studies, animals or herds are assigned to a group based on exposure status at the beginning  of the study and they are followed over time to determine whether a specific outcome occurs. In retrospective studies, both the exposure and outcome have already occurred when the study begins. Retrospective studies are generally quicker to conduct and the data easier to obtain than in prospective studies.


Observational studies

Three main types:

1. Cross-sectional study
2. Cohort study

3. Case-control study

Introduction to Outbreak Investigation
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There are three main types of observational studies; cross-sectional, cohort, and case control studies. We will review these three types of studies and the advantages and limitations of each. First, we'll start with a brief overview of cross-sectional studies.


Cross-sectional studies

» Primarily used to determine prevalence

» Both exposure and disease status are
determined at the same time in the sample
population

» Temporality is not established based on a
cross-sectional study
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Cross-sectional studies are primarily used to determine prevalence. They are designed to take a snapshot of the sample population regarding disease and exposure at one point in time. Since the exposure and outcome, or disease status, are determined at the same time, temporality cannot be established between the exposure and the outcome.


Cross-sectional Study Design

Population at risk

Disease Risk factor

Representative sample

No disease Risk factor

Disease No risk factor

No disease No risk factor

%

Concurrent assessment of disease and risk factor status

Study population=Survivors
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This figure depicts a cross-sectional study design. A representative sample is chosen from the population at risk.  Animals or herds are placed into one of four mutually-exclusive categories: disease positive with the risk factor or exposure present, disease negative with the risk factor or exposure present, disease positive with no exposure or risk factor, and disease negative with no exposure. To reiterate, there is concurrent assessment of disease and risk factor status. It is important to note that in a cross-sectional study design, our study population typically is represented by survivors. This may be important if the disease of concern commonly results in death.


Prevalence of fecal shedding of Salmonella spp
in dairy herds

Carla L. Huston, pvM, PhD; Thomas E. Wittum, phD; Brenda C. Love, DVM, PhD, DACVM;
James E. Keen, DvM, PhD

Objective—To estimate prevalence of Salmonella
spp in Ohio dairy farms and to identify potential risk
factors for fecal shedding of salmonellae.

Design—Cross-sectional study.
Sample Population—105 Ohio dairy farms.

Procedure—Individual fecal samples from all mature
cows in study herds were tested for Salmonella spp
by use of standard bactericlogic culture procedures.
Herds were identified as infected if at least 1 cow
was shedding Salmonella spp. Information regarding
herd characteristics, management practices, and
health history were collected. Potential risk factors for
herd-level Salmonella infection were identified.

Results—In 31% of the study herds (95% confidence
interval, 22 to 40%), at least 1 cow was shedding
Salmonella spp. Six percent of 7,776 fecal samples
contained Salmonella organisms; prevalence within
infected herds ranged from < 1 to 97%. Herd size,
use of free stalls for lactating and nonlactating cows,
and use of straw bedding in nonlactating cows were
significantly associated with fecal shedding of
Salmonella spp, as determined by use of univariate
analysis. By use of multivariate analysis, large herds
were more likely to be infected than smaller herds;
however, no other factors were associated with
Salmonella infection after adjustment for herd size.

Conclusions and Clinical Relevance—Subclinical
shedding of Salmonella spp 1s common in Ohio dairy
herds, although we could not identify specific inter-
ventions that may influence the prevalence of
Salmonella spp on dairy farms. It appears that large
herd size and intensive management may provide an
environment conducive to Salmonella shedding and
chronic dairy herd infection. (J Am Vet Med Assoc

2002;220:645-649)

culling rates, reduced feed efficiency, decreased weight
gain, and decreased milk production.

Cattle infected with Salmonella spp may shed large
numbers of the organism in their feces either continuous-
ly or intermittently, with subclinical shedding of the organ-
ism being more common than clinical disease.’” Stress, as
is often encountered during calving, lactation, and inten-
sive rearing, may induce fecal shedding and propagate the
infection within a herd.”™ In addition, the organism sur-
vives for prolonged periods in animals and the environ-
ment, which can lead to chronic herd infection.”"

Dairy cattle infected with Salmonella spp can pose a
substantial risk to public health when they are culled and
enter the food supply as beef products. The 1996 USDA
survey of dairy cattle, National Animal Health Monitoring
System (NAHMS) Dairy '06, reported that 14.9% of cull
dairy cows were shedding Salmonella spp, and 66.7% of
dairy cull markets had at least 1 animal shedding
Salmonella spp. In addition, several documented cases of
human illness have been traced back to dairy farms.""
Thus, the control of Salmonella infections on dairy farms
may have important public health implications.

Little is known about the actual prevalence of
Salmenella infection in dairy herds or about herd charac-
teristics or management practices that may protect against
or predispose to infection. ldentification of preventive
practices and risk factors for dairy operations may lead to
herd intervention strategies that protect human and ani-
mal populations. Thus, the objectives of this study were
to estimate the prevalence of Salmonella infection among
dairy herds in Ohio and identify potential herd-level risk
factors for fecal shedding of this organism.

Materials and Methods

‘Study pppulatipn—“’holfﬁl%f;rod acca%lsgnm_ };5 rﬁ;clbdai

reak Investigation 19


Presenter
Presentation Notes
Here is an example of a cross sectional study published in the “Journal of the American Veterinary Medical Association” that evaluated the prevalence of Salmonella on dairy farms. The authors report at least one cow was shedding Salmonella in 31% of the herds. When investigators evaluated for associations with Salmonella presence in a model considering all factors, only the size of the herd was associated with Salmonella being detected on the farm, that is, larger herds were more likely to be infected than smaller herds. Investigators use demographic data to better understand the distribution of the disease and although the size of the herd is associated with Salmonella presence, it is not an exposure that can be easily modified.



Cross-sectional study

» The familiar 2 X 2 table

Diseased Non Total
Diseased

Exposed Total
Exposed
Non C d Total
Exposed Non
Exposed
Total Total Total Total of

Diseased Non All in study

Diseased group
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Data from cross-sectional studies can be evaluated using the familiar 2 x 2 table. In this table, it is clear how to categorize diseased animals that have been exposed or not exposed and non-diseased animals that have been exposed or not exposed based on case definitions. 
 


Cross-sectional study- results

» Results from a cross-sectional study allow
calculation of prevalence and odds ratios

» Prevalence in population

- the number of cases at a single point in time in the
population of interest.

a-+-c
a+b+c+d

Prevalence =
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Results of cross-sectional studies then allow calculation of prevalence and odds ratios. Prevalence of the disease in the population is the number of cases at a single point in time in the population of interest divided by the total population of interest. Using the terminology from the 2 x 2 table, prevalence is calculated as the number of total diseased animals (cell a + cell c) divided by the total animals in the study (cell a + cell b + cell c + cell d).


Cross-sectional study- Results

» Results from a cross-sectional study allow
calculation of Prevalence and Odds ratios

» Odds ratio

> the ratio of the odds of an event occurring in an
exposed population to the odds of it occurring in
the unexposed population

Odds ratio (OR) =

axd

bxc
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Odds ratios can also be calculated from cross-sectional studies. The odds ratio is the ratio of the odds of disease in the exposed population to the odds of disease occurring in the unexposed population. Odds ratios are calculated by multiplying the number of diseased animals in the exposed group (cell a) by the number of non-diseased animals in the nonexposed group (cell d) and dividing this by the product of the number of exposed animals in the nondiseased group (cell b) times the number of nonexposed, diseased animals (cell c). Animals in groups (a) and (d) are concordant for exposure and disease, whereas those in groups (b) and (c) are considered discordant. 



Cross-sectional studies

» For cross-sectional studies: OR is a ratio of the
odds of disease in exposed animals to the odds
of disease in unexposed.

» Interpretation of OR

- OR > 1: Increased odds of disease among those with
exposure

- OR < 1: Decreased odds, or protective effects from
disease, among those exposed

- OR = 1: No association between disease and exposure
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Again, the odds ratio is the ratio of odds of disease in exposed animals compared with the odds of disease in unexposed animals. If the odds ratio is greater than one, this suggests there's an increased odds of disease among those with the exposure or risk factor. Alternatively if the odds ratio is less than one, then there is a decreased odds or protective effect from the disease among those with exposure. If the odds ratio is equal to one, then there was no association detected between the disease and exposure. Odds ratios must be considered with their confidence intervals to evaluate whether the risk factor or exposure is significant for disease. 


»
Cross-sectional study

advantages

« Easy to implement

- Study population is chosen

- Exposure and disease status are obtained at one
point in time

«  QOutcome measured is prevalence of exposures
and disease

 Short time frame

« Lower cost

« Can assess multiple exposures and
outcomes
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There are many advantages to cross-sectional studies. In general these studies are easy to implement. The study population is chosen, exposure and disease are obtained at one point in time, and the outcomes measured are prevalence of exposure and disease. These studies can generally be conducted in a shorter time frame and a lower cost than other analytical epidemiological studies. A single cross-sectional study can assess multiple exposures and outcomes, and by using appropriate statistical methods can assess those exposures concurrently.


»
Cross-sectional study

disadvantages

. Population sampling and response rate
» Selection bias
» External validity
. Reverse-causation

» Unable to determine if the exposure occurred
before the outcome

. Survival bias
» May impact response rate

. Not good for rare diseases
»  Random selection
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There are also disadvantages when conducting a cross-sectional study. These studies are limited by the sampling method (whether you used questionnaires vs. interviews) and response rates. These studies are subject to selection bias and potential issues with external validity. External validity relates to whether the findings are relevant to populations other than the sample population. Although these studies may provide some evidence as to disease causation, it commonly cannot be determined when the exposure occurred relative to the outcome of interest. This may lead to an example of reverse causation, where the exposure is implemented because of the presence of disease. For example, vaccination against a specific pathogen may be associated with an increased prevalence of disease. Another disadvantage of cross-sectional studies is survival bias. Survival bias can occur in diseases with high mortality. The last disadvantage of cross-sectional studies is that they are not good to use for rare diseases since the participating sample is random and it may be difficult to compile an adequate number of diseased animals for meaningful analysis. 


Observational studies

Three main types:

1. Cross-sectional study
2. Cohort study

3. Case-control study

Introduction to Outbreak Investigation
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The second type of observational study we will discuss is the cohort study.


Cohort studies

» Study population is grouped by exposure
status in a non-diseased population

» Diseased animals are excluded from
enrollment

» Groups are studied to determine if individuals
develop the outcome of interest (i.e., disease)
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In a cohort study, the study population is grouped by exposure status in a non-diseased population. Animals with disease at the onset of study are excluded. These groups are then followed and studied over time to determine which individuals develop the outcome of interest, generally a disease. 


Cohort studies

» Prospective cohort study: Exposure is known,
participants are followed over a future time
period to determine if they develop the
disease

» Retrospective cohort study: Cohort is
compiled from past history/records of
exposure and followed forward.
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There are two types of cohort studies: prospective and retrospective. In a prospective cohort study, the exposure is known and participants are followed over time to determine if they develop disease. In a retrospective cohort study, the cohort is compiled from past history or records of exposure and followed forward.


Cohort Study Design

Populationat risk | —— > | Representative sample

Initial classification Disease
- Risk factor
—> | No disease
No disease
Disease
—> | Disease No risk factor
excluded No disease

v

Prospective time sequence

Study population=Disease-free subjects
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This figure shows the design of a prospective cohort study. As with the cross-sectional study, a representative sample of the population at risk is evaluated. Animals with disease at enrollment in the study are excluded. Animals without disease are then categorized as either having the exposure (or risk factor) or no exposure (or risk factor). These two cohorts, those with the risk factor and without are then followed prospectively and monitored for disease. An important point to remember in a cohort study is that our population begins with disease-free animals.


»

A cohort study to examine maternally-associated risk factors
for bovine spongiform encephalopathy

J. W. Wilesmith, G. A. H. Wells, J. B. M. Ryan, D. Gavier-Widen, M. M. Simmons

Veterinary Record (1997) 141, 239-243

This long-term cohort study, initiated in July 1989, was
designed to examine maternally-associated risk factors for
bovine spongiform encephalopathy (BSE), forming part of the
epidemiological research programme to assess the risks of
non-feedborne transmission of BSE. In this study, the incidence
of BSE in offspring of cows which developed clinical signs of
BSE is compared with that in offspring, born in the same calv-
ing season and herd, of cows which had reached at least six
years of age and had not developed BSE. All offspring were
allowed to live to seven years of age. The results indicate a sta-
tistically significant risk difference between the two cohorts of
9-7 per cent and a relative risk of 3-2 for offspring of cows
which developed clinical BSE. However, there is some evidence
that this enhanced risk for offspring of BSE cases declined the
later the offspring was born, but was increased the later the
offspring was born in relation to the stage of the incubation
period of the dam. The results presented cannot distinguish
between a genetic component and true maternal transmission
or a combination of both risks, but they do not indicate
either that the BSE epidemic will be unduly prolonged or that
the future incidence of BSE in Great Britain will increase
significantly.

Although a necessarily long-term cohort study had been initiat-
ed in July 1989 (Wilesmith 1996a), the opportunity to conduct a
further within-herd matched case-control study of cases born after
this ban was taken in 1994 to examine the potential roles of mater-
nal and/or horizontal transmission of BSE. The results of this study
indicated that neither of these means of transmission could
explain the majority of the cases in animals born after the feed ban
(Hoinville and others 1995). The offspring of animals that were
subsequently affected with BSE were not found significantly more
often among the cases. Additional studies indicated that obser-
vance of the feed ban had been imperfect resulting in a continued,
but much reduced, risk from the feedborne source, notably as a
result of cross-contamination within feedmills (Wilesmith 1996b,
c¢). This paper describes the initial results of the cohort study to
examine the possibility of maternally-associated risk factors in the
occurrence of BSE.

Materials and methods
Study animals

The main BSE epidemiological database (Wilesmith and others
1992b) was used to identify offspring of confirmed cases of BSE
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This is an example of an article from the journal “Veterinary Record”  describing a cohort study of bovine spongiform encephalopathy. In this study, researchers enrolled calves born to cows with and without clinical signs of BSE and determined if the calves became affected. This was a resource intensive study because the calves were followed for seven years or until they showed clinical signs of BSE. The dams of the non-exposed cohort, that is, the cows not showing clinical signs of BSE, also had to be monitored to evaluate whether they developed BSE during the course of the trial. 

As is commonly the case, a definitive conclusion about disease causation, in this case maternal transmission of BSE, wasn’t reached from a single research finding. The authors  reported “The results presented cannot distinguish between a genetic component and true maternal transmission or a combination of both risks, but they do not indicate either that the BSE epidemic will be unduly prolonged or that the future incidence of BSE in Great Britain will increase significantly.” This 1997 report provided one piece of evidence that BSE wouldn’t continue to be a  significant problem in Great Britain. 




Cohort study

» The familiar 2 X 2 table

Exposed Total
Exposed
Non C d Total
Exposed Non
Exposed
Total Total Total Total of
Diseased Non All in study
Diseased group
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As was the case of cross-sectional studies, we can use a 2x2 table to evaluate a cohort study. Disease incidence and relative risk are two parameters than can be calculated from a cohort study.


Cohort studies-results

v Incidence is the number of new cases per
population in a given time period. It is
calculated as the number of new cases of
disease divided by the total number of
animals in the study during the study period.

a+c

Incidence = per study period
a+b+c+d

Incidence is a rate (time is important) as opposed to
prevalence which is a proportion

Introduction to Outbreak Investigation 32


Presenter
Presentation Notes
Disease incidence is the number of new cases per population in a given time period and is calculated as the number of new cases of disease divided by the total number of animals in the study during the study period. It is important to distinguish between prevalence, which is a proportion of disease in the population at a point in time, and incidence, which is a rate and a measure of how fast a disease is spreading through a population.


Cohort studies-results

» Relative risk is the probability of developing the
disease if exposed compared to the probability if
not exposed.

a/(a+h)
c/(c+d)

Relative risk (RR) =

» If RR > 1, exposed have more probability of
developing disease than the unexposed

» If RR < 1, exposed have less probability of
developing disease than the unexposed

» If RR = 1, exposed and unexposed have the same
risk of developing disease
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Another parameter that can be calculated from a cohort study is the relative risk. This defines the risk of developing disease among the exposed compared to the risk of developing the disease among the unexposed. The equation to calculate the relative risk is provided with the letters representing cells in the 2 x 2 table. If the relative risk is greater than one, the exposed have a higher probability of developing disease than the unexposed. If the relative risk is less than one, exposed animals have a lower probability of developing disease then the unexposed. If the relative risk is equal to one then there is no increased risk of disease in either the exposed or unexposed group. As with odds ratios, statistical significance of the relative risk should be assessed as well. 


Cohort studies-
advantages

» Allows calculation of disease incidence

» Follows logical clinical course of disease
- “If exposure occurs, will disease follow?”

» May establish a risk associated with the exposure
of interest

» Results are high on hierarchy of evidence
- High “proof” of causal association

Wikt
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There are multiple advantages to cohort studies. Disease incidence or the number of new cases of disease that develops during a specified time interval can be determined. Another advantage is that it follows a logical clinical course of disease. That is, if an exposure occurs, how likely is it that disease will follow? Cohort studies may also be able to establish an estimate of risk associated with the exposure of interest. Results from cohort studies are higher on the hierarchy of evidence than cross-sectional and case-control studies, and provide more evidence or proof of causal association.
 


Cohort studies-
disadvantages

» More resource intensive than other studies

» Studies may take a long time for disease to
occur

» Inappropriate for rare diseases

» Prospective cohort generally not feasible
during an outbreak; retrospective may be
feasible
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The disadvantages of cohort studies include being more resource intensive than other studies since the cohorts have to be followed over a period of time. Depending on the natural history of the disease, incubation period, and other factors, with prospective cohort studies it may take a long time for the disease to manifest or be detected in animals. Cohort studies would be inappropriate for rare diseases because the number of animals needing to be enrolled may be prohibitive. In most outbreak situations, prospective cohort studies are generally not feasible to conduct, but retrospective cohort studies may be feasible during an outbreak situation.


Observational studies

Three main types:

1. Cross-sectional study
2. Cohort study

3. Case-control study

Introduction to Outbreak Investigation
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We will now review our final type of observational study-case-control study. Although it's beyond the scope of this module we note there are also mixed studies such as case-cohort and case-case studies with additional benefits and uses.


Case-control study

» The disease outcome defines the study group

» Cases (based on case definition) have the
disease

» Controls (based on case definition) do not
have the disease

» The 2 groups are compared based on
previous exposures
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In a case-control study, the disease outcome defines the study groups. Cases, which are based on the case definition, have the disease while controls, also based on the case definition, do not have the disease. Cases and controls are compared based on previous exposure to determine whether the exposure influences the development of cases or not.



Case-control Study Design

Initial classification

Risk factor
Disease

No risk factor

Risk factor
No disease

No risk factor

v

Retrospective time sequence

Study population=Cases and controls
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This figure outlines the design of case-control studies. Animals are first classified as to their disease status - diseased or not diseased, and then evaluated whether the exposure occurred for each of the groups. Because of the design, it is not always clear whether the exposure occurred prior to disease. This lack of temporality reduces the amount of evidence case-control studies can provide in determining causation.


®)

J Vet Intern Med 2013:27:339-346

Case—Control Study of a Multistate Equine Herpesvirus
Myeloencephalopathy Outbreak

J.L. Traub-Dargatz, A .M. Pelzel-McCluskey, L.H. Creekmore, S. Geiser-Novotny, T.R. Kasan,
A.M. Wiedenheft, E.J. Bush, and K.E. Bjork

Background: A large multistate outbreak of equine herpesvirus mycloencephalopathy (EHM) occurred m May 2011
among horses that participated in a competitive event.

Objective: To identify EHM nisk factors among horses with a common exposure venue.

Animals: A total of 123 horses: 19 horses with EHM, 14 equine herpesvirus-1 cases with no reported neurologic signs,
and 90 control horses.

Methods: EHM case survey data were compared with data from EHV-1 cases with no neurologie signs and healthy
controls usmg univanable and multivanable methods.

Results: Sigmificant factors associated with higher nisk for EHM compared with EHV-1 cases with no neurologe signs
were (1) greater number of biosecunity nisks at the event, (2) female sex, (3) increasing number of classes competed m at
the event, and (4) an interaction between sex and number of classes competed . In the EHM versus controls companson,
in addiion to sex and biosecurity risks, factors associated with higher EHM nisk included EHV-1 vaccmation in the
5 weeks before the event and increasing number of events attended in April 2011; anc dietary supplementation was associ-
ated with decreased nisk. An interaction between sex and the number of events attended m April 2011 also was significant.

Conclusions and Clinical Importance: Findings from this study sugpest that dietary zine supplementation may be associ-
ated with decreased nsk of EHM. Several factors were associated with increased nsk of EHM. Addihonal investigations
of factors assoaated with nsk of EHM are warranted to evaluate the importance of these factors m this complex disease
of horses.

Key words: EHM nisk; Neurologic disease.
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Presentation Notes
This article from the “Journal of Veterinary Internal Medicine” is a report of an epidemiological investigation that was conducted by VS during an equine herpes myeloencephalopathy outbreak that occurred in 2011. The first step in the construction of the case-control study was to define cases and then assign horses participating at the shows into either the case or control group. After the information regarding disease status was collected, the investigators collected other relevant information to evaluate potential exposures.  



Case-control study

» Will lead you to the familiar 2 X 2 table

Diseased Non Total
Diseased

Exposed a Total
Exposed
Non C d Total
Exposed Non
Exposed
Total Total Total Total of
Diseased Non All in study
Diseased group
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As is the case with cross-sectional and cohort study designs, results from a case-control study can also be used to populate the familiar 2x2 table.


Case-control studies

» Disease prevalence cannot be calculated
because the population at risk is not known

» OR is the measure used with case-control
studies

axd

Odds ratio (OR) =

bxrc
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In a case-control study, disease prevalence cannot be calculated because the population at risk is not enumerated. In the sample selection for a case-control study, we chose diseased animals or cases, based on availability, which precludes us from determining the prevalence. Odds ratios, which we revisited in the cross-sectional study design section, can be calculated in case-control studies. 


Case-control studies

v For case-control studies: OR is a ratio of the
odds of exposure in cases to the odds of
exposure in controls.

» Interpretation of OR

> OR > 1: Increased odds of exposure among those with
outcome

- OR < 1: Decreased odds, or protective effects, among
those with outcome

- OR = 1: No association between exposure and outcome
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The odds ratio in case-control studies is the ratio of the odds of exposure in the cases to the odds of exposure in the controls. If the odds ratio is greater than one, interpretation is that there are increased odds of exposure among cases. If the odds ratio is less than one then there are decreased odds or a protective effect, among those with the outcome. In other words, if the odds ratio is greater than one the exposure was more prevalent in the cases and if the odds ratio is less than one the exposure was more prevalent among the controls. If the odds ratio is equal to one, then there was no association between exposure and outcome. As with other estimates of risk, statistical significance, such as via a confidence interval, should be considered along with the point estimate. 


Case-control study
advantages

» Shorter time frame (disease has already
occurred)

» Fewer resources than a cohort study
» Smaller sample sizes may be okay

» Good for rare disease
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Advantages of case-control studies include a shorter timeframe since the disease has already occurred. These studies generally require fewer resources than a cohort study, and can be conducted with smaller sample sizes. In contrast to cross-sectional and cohort study designs, case-control studies are better for evaluating rare diseases.


»

Case-control study
disadvantages
» Difficulty finding appropriate controls

» Possible survivor bias
- Those who die quickly can’t be counted as cases

» Retrospective time sequence
» Difficult for rare exposures

» Generally restricted to one outcome
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Disadvantages of case-control study designs include difficulty finding appropriate controls. When selecting controls for a case-control study, the goal is to find animals that resemble cases without having the disease. Matching of cases and controls may be one way to avoid introducing bias. One bias that can be introduced in case-control study design is survivor bias. For those diseases with high mortality, it may be difficult to find typical cases. Case-control studies also rely on a retrospective time sequence which may result in recall bias when determining exposures. Although case-control studies are good for evaluating rare diseases, they are difficult to conduct for rare exposures. Since we try to find control animals that are very similar to cases but haven't experienced the disease, we are generally restricted to only one outcome.


Analytic- observational studies

Summary

1. Cross-sectional study
2. Cohort study

3. Case-control study
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In summary, we have discussed three observational – analytic studies in this module; cross-sectional, cohort and case-control.


Increasing
evidence
strength

Hierarchy of Evidence

Randomized

clhinical trials y

Systematicreview/

meta—-analysis
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This slide shows the hierarchy of evidence based on the type of study conducted. As we move toward the top of the pyramid, we have increasing evidence or increasing strength of proving causality. In module five, we discussed descriptive epidemiology involving case reports and case series. In this module we have talked about cross-sectional, cohort, and case-control studies. Of these, cohort studies provide the most strength in terms of evidence of causation. Randomized clinical trials and systematic reviews or meta-analyses provide the highest level of evidence but are not likely to be conducted during a disease outbreak situation.


So, you want to conduct a study?

» What type of study?
- Cross-sectional
- Case-control
- Cohort

» Determined by your objectives and resources
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If you were in a disease outbreak situation and wanted to conduct a study, what type of study would you conduct? We have just discussed cross-sectional, cohort, and case-control studies. The type of study you choose to conduct is primarily determined by your objectives and by the available resources.


Cross-sectional study

» Sampling is done without regard to disease
status

» Relatively quick and easy to perform
» Estimate prevalence

» Associations between diseased and non-
diseased populations

» No causation determination - temporal issue
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As we have discussed earlier, in cross-sectional studies, sampling is done without regard to disease status. The studies are generally relatively quick and easy to perform, allow the estimation of prevalence, and can be used as a first line of evidence to evaluate associations between diseased and non-diseased populations. Unfortunately, cross-sectional studies don't allow the determination of causation, primarily due to the temporality issue.


Case-control study

» Sampling is done based on disease status
» Relatively quick and easy to perform

» Can’t determine prevalence

» Best design for rare diseases

» Selection of control population is critical
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With case-control studies, sampling is done based on disease status. These studies are relatively quick and easy to perform but can’t be used to determine prevalence. Case-control studies are the best design for the evaluation of rare diseases but not for rare exposures. The selection of our control population is critical, with control animals resembling cases as close as possible but without having the disease of interest.



Case-control study «ony

» Associations between diseased and non-
diseased populations

» Can’t determine causation alone but can
provide evidence

» Potential biases
> Selection
- Recall
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Associations between diseased and non-diseased populations can be inferred from a case-control study, but don't provide enough evidence in a single study to determine causation. Potential biases associated with case-control studies include selection bias and recall bias.



Cohort study

» Grouping is assigned based on exposure
» Most resource intensive design
» Can estimate incidence

» Evidence of risk factors and subsequent
causation

» Can’t determine prevalence of exposure
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Cohort studies compile animals or herds into groups based on exposure and are limited to animals without disease. This is the most resource intensive design of observational studies but allows estimation of the incidence of disease in the population. Cohort studies can provide evidence of risk factors and add to the body of evidence regarding causation. One downside of a cohort study is that we can’t determine prevalence of the exposure.


®
What is your population of

interest?

» Target population
> Inference

» Study population
- Sample drawn

» Sample

- Herd, county, state,
region, national?

Target population

Study population
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When planning to conduct a study, one important question to ask is what is the population of interest? The graphic in this slide shows the three populations that might be included in the study. We start with the target population which is our population about which we wish to make inference. The study population, which is a subset of the target population, is the group from which our sample will be drawn. The sample may be drawn at the herd, county, state, regional or even national level.
 


Sample size

» Determined prior to the study

» Power - ability to detect a difference
> Hypothesis: Group A > Group B

» Seek the expertise of a statistician to
determine your sample size or use a sample
size calculator
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An important aspect of study design is determining the sample size, and this must be determined prior to the start of the study. Power, which is the ability to detect a difference between groups, is dependent upon sample size. If you are not familiar with how to calculate the appropriate sample size needed for a study to detect a significant or meaningful difference, it’s best to seek the advice or expertise of a statistician.


Are the data already available?

Examples

» National Agricultural Statistics Service (NASS)
- Demographic, production, price data, etc.

» National Animal Health Monitoring System
(NAHMS)

> Production practices, disease prevalence, etc.
» Veterinary Services data

» Food Safety Inspection Service

> Slaughter plants
- Condemnation data
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Data needed to conduct a study may already be available in one form or another. This slide lists some examples of data sources. They include the National Agricultural Statistics Service, or NASS, which has a wealth of data on agricultural demographics and production prices for almost all livestock and poultry. Another data source would include the National Animal Health Monitoring System, or NAHMS. There are several other sources of data housed within Veterinary Services and from other agencies including the Food Safety Inspection Service which has data on slaughter plants and condemnation.


Are the data already available?

» Be creative!
- Certificates of Veterinary Inspection (CVI)
- Dairy Herd Information Association
> Diagnostic labs
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If the data you need aren't readily available, be creative! Recent sources of data used by epidemiologists in Veterinary Services include Interstate Certificates of Veterinary Inspection, or CVIs, Dairy Herd Information Association data, and data from diagnostic labs.


Conducting a new survey

» Can be conducted via:
- Face-to-face interviews
> Telephone
> |nternet
> Mail

» Methodology can influence response rates

» May be resource intensive
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Surveys can be conducted via multiple routes including face-to-face interviews, telephone, internet, or mail. When designing a survey, response rates can be influenced by the methodology you choose. For example, a face-to-face interview will generally have higher response rates than a mail survey, but it is likely to be more expensive.  New studies might be resource intensive depending on the scope of the study and the sample size needed.


Conducting a new survey

» NAHMS can assist in providing/writing
questions

» Avoid open-ended/fill-in-the-blank
questions

» Office of Management and Budget approval
needed if more than 9 interviews conducted
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If you are interested in conducting a survey, NAHMS can assist in providing and/or writing questions. When writing questions, avoid open-ended or fill in the blank questions whenever possible. Trying to analyze questions that have narratives as answers is very difficult. And just a reminder, if you are planning to conduct more than nine interviews as a Federal government organization, the Office of Management and Budget must give their approval for conducting the survey. NAHMS has approval to conduct emergency epidemiological investigations and this requires approximately one month to receive OMB approval, while OMB approval under normal circumstances may take 9 to 12 months.


O steps of outbreak investigation

Confirm the existence of an outbreak
Confirm the diagnosis

Develop a case definition

Establish disease monitoring and surveillance
Perform descriptive epidemiology

Generate hypotheses

Perform analytical epidemiology

Implement control and prevention measures
Communicate findings

)
)
)
)
)
)
v
)
)
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Congratulations! You have now completed Module 7 - Analytical Epidemiology. The following slide includes references used in creating this module.


Analytical epidemiology -
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