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 In this introductory course, students will learn and 

apply basic concepts of epidemiology to multiple 

domains of public health. 

  

 We will illustrate and practice using epidemiology 

to better understand, characterize, and promote 

health at a population level. 

  

 The class will engage the students in active and 

collaborative learning through team activities, 

individual projects, case studies, group discussion, 

and individual projects. 

 





 Explain the importance of epidemiology for 

informing scientific, ethical, economic and political 

discussion of health issues.  

 

 Identify the principles and limitations of public 

health screening programs.  

 

 Apply concepts, methods, and tools of public health 

data collection, analysis and interpretation, and 

the evidence-based reasoning and informatics 

approaches that are essential to public health 

practice.  

 



 

 01- Students will be able to discuss and explain the 
definition, history, and importance of epidemiology 
for informing public health decisions; 

 

 02- Students will be able to define, and manipulate 
mathematically, the epidemiologic concepts of 
prevalence, incidence, ratio and difference 
measures of association, attributable risk percent, 
population attributable risk, sensitivity, specificity, 
and positive and negative predictive values; 

 

 03- Students will be able to describe a public 
health problem in terms of person, place, and time 

 



 

 04- Students will be able to define epidemiologic study 
designs ‐‐ ecologic (correlational), cross‐sectional, 
cohort, case‐control, and experimental (intervention) 
studies ‐‐ and compare their strengths and weaknesses; 

 

  

 05- Students will be able to assess and choose 
appropriate study designs to evaluate public health 
issues; 

 

  

 06- Students will begin to be able to make an 
epidemiologic decision on a public health issue, even if 
given conflicting research results, exercising your 
critical judgment based on what you have learned in 
this course. 

 



 

 Aschengrau A & Seage GR. Essentials of Epidemiology in 

Public Health. Sudbury, Massachusetts: Jones and 

Bartlett Publishers, 2013 

 

 A copy of Heymann, DL, ed. Control of Communicable 

Diseases Manual, 18th edition, 2004, for reference. 

Available from the American Public Health Association 

(202) 777-2742.  

 

 Essentials of Epidemiology in Public Health, Second 

Edition, Jones and Bartlett Publishers, 2008 

 

 



 

 

https://www.cdc.gov/ophss/csels/dsepd/ss1978/ss1978.pdf 

 

  

https://www.healthknowledge.org.uk/public-health-textbook  

 

 

 http://www.unc.edu/epid600/  

  

  

 







 

  Students will be encouraged to interact and 

discuss.  

 Certificate of appreciation will be given to best 

interacted student (s). 

 

  The material for examinations and quizzes 

will come from lectures, practical, and small 

group sessions.  

 Certificate of appreciation will be given to best 

grade student (s).  

 



 Students will classified into groups of (4 – 6) students, 
and each group will design a power point presentation 
about an epidemiological study of one of these 
diseases: 

Group (1): HIV  

 

Group (2): HCV 

 

Group (3): Influenza 

 

Group (4): TB 

 

Group (5): Diabetes  

 



 

Grading Scheme: Based on a total of 100 points 

  Assignment & Activity        10 Points                 

  Practical exam                     25 points                 

  Oral Exam                              10 Points                

  Final exam                  50 points                

  Participation                          05 points               

 

         Total                                    100 points     

  

 



 

 

A+ =  95  –  100%        correct 

A  =   90   -   94.9 %     correct   

B+ =  85  –  89.9%       correct  

B  =  80  –   84.9 %      correct  

C+ = 75  –  79.9%       correct  

C  =  70  –  74.9 %      correct  

D  =  65  –  69.9 %      correct  

F  =  <   64.9 %           correct 

 

 

 



 

Students are expected to be on time.  

 

Student are expected to close  

   his mobile. 

 

Students are expected to attend all  scheduled 

activities and exams. 

 

 

 



 

  Student evaluations of the course are an 

important way of improving medical education. 

 

Your comments and suggestions valued 
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EPI      DEMOS    LOGOS 

upon   people     science 

 

Epidemiology  

=  

the science which deals 

with what falls upon 

people….. 

 



Epidemiology is the study of 
the distribution and 
determinants of health-
related states or events in 
specified populations, and 
the application of this study 
to the control of health 
problems.  
  



Study;  

Epidemiology is a scientific 

discipline with sound 

methods of scientific inquiry 

at its foundation. 



  
Distribution;  

Epidemiology is concerned 

with the frequency and 

pattern of health events in 

a population. 



  
Determinants;  

Epidemiology is also used to 

search for determinants, 

which are the causes and 

other factors that influence 

the occurrence of disease 

and other health-related 

events. 



  
Application;  

Epidemiology is not just 

“the study of” health in a 

population; it also involves 

applying the knowledge 

gained by the studies to 

community-based practice. 



 1. To describe the distribution 

and magnitude of health and 

disease problems in the 

population. 

 

2. To identify the etiological 

factors – risk factors in the 

population. 

  

 

Objective of 

Epidemiology  

  



 3. To provide the data essential 

to planning, implementation 

and evaluation of services for 

prevention, control and 

treatment of disease and to 

setting up of priorities for these 

services. 

 

Objective of 

Epidemiology  

  



1. To eliminate or reduce 

health problem or its 

consequences  

 

2. To promote health and 

well-being of society as a 

whole. 

 

Aim of  

Epidemiology  

  



  

Purposes of 

Epidemiology (1) 

a. Community diagnosis; i.e., 

what are the major health 

problems occurring in a 

community 

b. Establishing the history of a 

disease in a population; e.g., 

identifying the periodicity of an 

infectious disease 



  

Purposes of 

Epidemiology (2) 

  c. Describing the natural history of 

disease in the individual; e.g., 

natural history of HIV infection in the 

individual  (infection-acute syndrome-

asymptomatic phase-clinical disease-death) 

d. Describing the clinical picture of 

disease; i.e.,                                 

who gets the disease,                   

who dies from the disease,            

and what the outcome of the disease 

is? 



  

Purposes of 

Epidemiology (3) 

  
e. Estimating risk; e.g.,                         
what factors increase the risk of heart 
disease, automobile accidents, and 
violence 
 

f. Identifying syndromes and precursors; 
e.g., the relationship of high blood 
pressure to stroke, kidney disease, and 
heart disease 
 

g. Evaluating prevention/intervention 
programs; e.g., vaccine and clinical trials 
 

h. Investigating epidemics/diseases of 
unknown etiology 



  

Epidemiologists are 
required to have some 

knowledge of the 
disciplines of;   

• Public health, because of the 
emphasis on disease prevention. 

 

• Clinical medicine, because of 
the emphasis on disease 
classification and diagnosis. 

  

• Pathophysiology, because of the 
need to understand basic biological 
mechanisms in disease. 



  

Epidemiologists are 
required to have 
some knowledge of; 
    

• Statistics, because of the need to 
quantify disease frequency and its 
relationships to antecedents. 

 

• Social sciences, because of the 
need to understand the social context 
in which disease occurs and presents. 



  

Public health  

is concerned with health of 

the public; i.e.,  populations.   

 
Epidemiology is the 

method/strategy of studying 

disease/health in human 

populations. 
   

Epidemiology is therefore the 

core science of public health.  



  

Epidemiology Purposes 

in Public Health 

Practice 
    

• Discover the agent, host, and 

environmental factors that 

affect health 

 

• Determine the relative 

importance of causes of 

illness, disability, and death 
 

•   



  

Epidemiology Purposes 

in Public Health 

Practice 
   

• Identify those segments of the 

population that have the 

greatest risk from specific 

causes of ill health 

 

• Evaluate the effectiveness of 

health programs and services 

in improving population 

health 



Solving Health Problems 

Step 1  
Data 

collection 

Action 

Solving health 
problems 

Assessment 

Hypothesis 

testing 

Action 

Step 2  

Step 3  

Step 4  

Step 1 - 

Surveillance; determine 

time, place, and person 

Inference 

Determine how and why 

Intervention 

Step 1 - 

Step 2  

Step 3  

Step 4  
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All of the following illustrate the purpose of 

epidemiology in public health, except 

A. identifying populations who are at risk for certain 

diseases. 

B. assessing the effectiveness of interventions. 

C. providing treatment for patients in clinical settings. 

D. determining the importance of causes of illness 

Knowledge Check 

44 



Epidemiologists use a model for studying infectious disease 

and its spread that involves the microbe that causes the 

disease, the organism that harbors the disease, and the 

external factors that cause or allow disease transmission. 

This is also known as 

A. host, vector, and transmission. 

B. transmission, host, and environment. 

C. host, agent, and environment. 

D. organism, transmission, and environment. 

Knowledge Check 
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MEASURING 
DISEASE 

FREQUENCY IN       
POPULATIONS  



Asking questions  

making comparisons 

  

● Asking questions may provide clues to cause or 
aetiology of disease e.g.  

What is the event? 

       What is its magnitude?  

    Where did it happen?  

    When did it happen?  

    Who were affected? 

    Why did it happen? 

 



Making comparisons will help draw inferences to 

support asking questions.  

 

This comparison may be: 

● Between those with the disease and those without 

the disease; 

● Those with risk factor and those not exposed to risk 

factor; 

 



In the Laboratory: 

 

* Mostly experimental 

* Variables controlled by the investigator  

* All variables known 

* Replication easy  

* Results valid 

* Meaning of results for humans uncertain. 

* Little need for statistical manipulation of data. 

* Highly equipment intensive  



In the Field: 
 

* Mostly observational  

* Variables controlled by nature  

* Some variables unknown  

* Replication difficult; exact replication impossible  

* Results often uncertain  

* Meaning of results for humans clear  

* Statistical control often very important  

* Highly labor intensive  



Disease  
a pattern of response by a living organism to some form of 

invasion by a foreign substance or injury which causes an 
alteration of the organisms normal functioning 

 

 also – an abnormal state in which the body is not capable of 
responding to or carrying on its normally required functions 
 

 

Pathogens  

organisms or substances such as bacteria, viruses, or parasites 
that are capable of producing diseases 

 



 

Pathogenesis  
the development, production, or process of generating a 

disease 
 

Pathogenic  

means disease causing or producing 
 

Pathogenicity  
describes the potential ability and strength of a pathogenic 

substance to cause disease 
 

 Infective  
diseases are those which the pathogen or agent has the 

capability to enter, survive, and multiply in the host 
 



Virulence  
• The extent of pathogenicity or strength of different organisms. 

 
 The ability of the pathogen to grow, thrive, and to develop 

all factor into virulence 
 
 The capacity and strength of the disease to produce severe 

and fatal cases of illness 
 
 

 Invasiveness  
The ability to get into a susceptible host and cause a disease 

within the host 
 
 The capacity of a microorganism o enter into and grow in or 

upon tissues of a host 



 Etiology the factors contributing to the source of or 
causation of a disease 

 

Toxins a poisonous substance that is a specific 
product of the metabolic activities of a living 
organism and is usually very unstable  
 notably toxic when introduced into the tissues, and typically 

capable of inducing antibody formation  

 

Antibiotics a substance produced by or a 
semisynthetic substance derived from a 
microorganism and able in dilute solution to inhibit 
or kill another microorganism  



 Endemic:  the ongoing, usual level of, or 

constant presence of a disease in a given 

population 

 

Hyperendemic:  persistent level of activity 

beyond or above the expected prevalence 

 

Holoendemic:  a disease that is highly 

prevalent in a population and is commonly 

acquired early in life in most all of the 

children of the population 

 



Epidemic:  outbreak or occurrence of one 
specific disease from a single source, in a 
group population, community, or 
geographical area, in excess of the usual 
level of expectancy 

 
Pandemic:  epidemic that is widespread 

across a country, continent, or large 
populace, possible worldwide 

 
 Incidence:  the extent that people, 

within a population who do not have a 
disease, develop the disease during a 
specific time period 
 



 Prevalence:  the number of people within a 

population who have a certain disease at a 

given point in time. 

 

 Point prevalence:  how many cases of a 

disease exist in a group of people at that 

moment. 

 

 prevalence relies on 2 factors: 

 How many people have had the disease in the past 

 Duration of the disease in the population 



Epidemiology Key Terms 

Epidemic or outbreak: disease occurrence among a population that  

is in excess of what is expected in a given time and place. 

Cluster: group of cases in a specific time and place that might 

be more than expected.  

Endemic: disease or condition present among a population at all 

times. 

Pandemic: a disease or condition that spreads across regions. 

Rate: number of cases occurring during a specific period; always 

dependent on the size of the population during that period. 
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A. endemic C. epidemic B. pandemic 

3. HIV/AIDS is one of the worst global 

diseases in history. It is a/an _________. 

B. pandemic 

A. endemic 

C. epidemic 

1. Malaria is present in Africa at all times 

because of the presence of infected 

mosquitoes. Malaria is _____ in Africa. 

2. The Ebola virus in parts of Africa is in 

excess of what is expected for this 

region. This virus is a/an ________. 

Match each term with the correct example. 

Knowledge Check 
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In March 1981, an outbreak of measles occurred 

among employees at Factory X in Fort Worth, Texas.  

 

This group of cases in this specific time and place 

can be described as a  ________________.  

A. distribution B. cluster C. determinant 

Choose the correct answer. 

Knowledge Check 

cluster 
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Epidemiology 

 Unit of study is a defined 
population or population at risk 

 

 Concerned with sick as well as 
healthy  

 

 Investigator goes to the 
community  

 

 identify source of infection, 
mode of spread, an Etiological 
factor, future trend or 
recommend control measures 

 

Clinical medicine 

 Unit of study is case 

 

 

 Concerned with only sick 

 Patient comes to doctor 

 

 Seeks diagnosis, derives 

prognosis, prescribes 

specific treatment 







Epidemiology Study Types 

Epidemiology 

study 

types 

Experimental  

Observational 

Descriptive 

Analytic 
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Descriptive and Analytic  

Epidemiology 

Descriptive 

epidemiology 

Analytic 

epidemiology 

When was the  

population affected? 

How was the  

population affected? 

Where was the population 

affected? 

Why was the  

population affected? 

Who was affected? 70 



Epidemiology data sources 

and study design 

71 



Can be classified as: 
 
1. Observational studies 
    a. Descriptive studies  
       – Cross sectional studies (Prevalence Studies) 
    b. Analytical studies 
       – Case control studies 
       – Cohort studies 
 
2. Experimental/interventional studies 
    – Randomized control studies 
    – Field trials 
    – Community trials 



Descriptive observations pertain to the 
“who, what, where and when of health-
related state occurrence”. However, 
analytical observations deal more with the 
‘how’ of a health-related event occur. 

 

Randomized control trial (often used for 
new medicine or drug testing), field trial 
(conducted on those at a high risk of 
conducting a disease), and community trial 
(research on social originating diseases) 



Descriptive Studies 

    Steps in conducting a descriptive study. 

 Descriptive studies form the first step in any process 
of investigation.  

These studies are concerned with observing the 
distribution of disease in populations. 

1. Defining the population.  

2. Defining disease under study.  

3. Describing the disease.  

4. Measurement of disease 

5. Compare 

6. Formulate hypothesis- 

 

 



1. Defining the population 

* Defined population may be the whole population 

or a representative sample.  

 

* It can also be specially selected group such as age 

and sex groups, occupational groups, hospital 

patients, school children, small community, etc. 



2. Defining disease under study.  

3. Describing the disease.  
     

Disease is examined by the epidemiologist by asking three 
questions: 

 

● When is the disease occurring—time distribution? 

 

● Where is it occurring—place distribution? 

 

● Who is getting the disease—person distribution? 

 



 THE THREE ESSENTIAL 

CHARACTERISTICS OF DISEASE WE 
LOOK FOR IN DESCRIPTIVE 
EPIDEMIOLOGY:      

  

TIME 

PLACE 

PERSON 

 



Changing or stable?    
   

Seasonal variation.    
   

Clustered (epidemic) or evenly 
distributed (endemic)?    
     

Point source or propagated. 



Geographically restricted or 
widespread (pandemic)?   
      

Relation to water or food supply.  
   

Multiple clusters or one?  



Age        
  

Socio-economic status     
  

Gender        
  

Ethnicity/Race      
   

Behavior  



4. Measurement of disease- Mortality/ 
Morbidity 

 

5. Compare- Between different 
population, subgroups 

 

6. Formulate hypothesis. On basis of all 
data epidemiologist form hypothesis. 
 



Cross-sectional study is also called prevalence 

study. 

 

Cross-sectional study is the simplest form of 

observational study.  

 

 It is based on single examination of cross-

section of population at one point of time.  

 

 



 

 If the sampling methodology is accurate, results 

can be projected to the entire population.  

 

 They are more useful for chronic illnesses, e.g. 

hypertension.  

 

 Cross-sectional studies save on time and 

resources, but provide very little information 

about natural history of disease and incidence of 

illness. 

 



Study Design — Cross-Sectional Study  

Subjects are 

selected 

because they are 

members of a 

certain 

population subset 

at a certain time 
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Analytical studies 
        
i– Case control studies 
ii– Cohort studies 
 

  



THE THREE PHENOMENA ASSESSED IN       
ANALYTIC EPIDEMIOLOGY ARE:  

         

      

 

 

HOST 

ENVIRONMENT AGENT 



Nutrients 

Poisons  

Allergens  

Radiation  

Physical trauma  

Microbes  

Psychological experiences  



Genetic endowment    
    

 Immunologic state     
   

Age       
  

Personal behavior  



Crowding       

Atmosphere 

Modes of communication – 
phenomena in the environment that 
bring host and agent together, such 
as: 

 Vector 

 Vehicle 

 Reservoir 

 

 



 It start from effect and then proceed to cause 

 

Both exposure and outcome have occurred before 

start of the study 

 

The study proceeds backwards from effect to cause 



Select subjects based on their disease status.  

 A group of individuals that are disease positive   (the 
"case" group) is compared with  

a group of disease negative individuals                            
(the "control" group).  

 

The control group should ideally come from the 
same population that gave rise to the cases.  
 



Basic steps in a case-control study 

 

1. Selection of cases and controls 

 

2. Matching 

 

3. Measurement of exposure 

 

4. Analysis and interpretation. 



 It is a measure of strength of association between the risk 

factor and outcome. 

  

 The derivation of the odds ratio is based on three assumptions: 

 

● The disease being investigated is relatively rare 

● The cases must be representative of those with the disease 

● The controls must be representative of those without the 

disease. 

     



A 2×2 table is constructed, displaying exposed 

cases (A), exposed controls (B), unexposed cases 

(C) and unexposed controls (D).  

 

 

 

 

To measure association is the odds ratio (OR), 

which is the ratio of the odds of exposure in the 

cases (A/C) to the odds of exposure in the controls 

(B/D), i.e.  

    OR = (AD/BC). 

 

CASE  CONTROLS 

EXPOSED  A B 

UNEXPOSED C D 

http://en.wikipedia.org/wiki/Odds_ratio


Case with lung 
cancer 

Control without 
lung cancer 

Smokers         
(less than 5 ) 

33 (a) 55 (b) 

Non-Smokers 
(less than 5 ) 

2 (c) 27 (d) 

The first step is to find out 

1. Exposure rates among cases 

    =a/(ac) = 33/35  =94.2% 

2. Exposure rate among the controls 

    =b/(bd) = 55/82  =67% 



Odds ratio (OR) =  a.d/b.c 

            33X27/55X2 = 8.1 

 

People who smoke less than 5 cigarettes per day 

showed a risk of having lung cancer 8.1 times 

higher as compared to non-smokers. 

 



  OR is > 1- "those with the disease are more likely 

to have been exposed,“ 

  

 OR close to 1 then the exposure and disease are not 

likely associated.  

 

 OR <1-exposure is a protective factor in the 

causation of the disease.  

 

 



Case control studies are usually faster and more 
cost effective 

 

 Sensitive to bias (selection bias).  

 

The main challenge is to identify the 
appropriate control group;  

 

The distribution of exposure among the control 
group should be representative of the 
distribution in the population that gave rise to 
the cases. 



 It look at cause and proceed to effect 

 

 study before the disease is manifest and proceed to 
study over a period of time for the disease to occur. 

 

 Cohort means a group of people sharing a common 
experience.  

 

 Cohort studies are often prospective studies, they can 
be retrospective also, or a combination of both 
prospective and retrospective components can be 
brought in.  

 



Study Design — Cohort Study 

Subjects are 

categorized on the 

basis of their 

exposure to one or 

more risk factors 
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Steps in a cohort study: 
 

1. Selection of study subjects 

 

2. Obtaining data on exposure 

 

3. Selection of comparison groups 

 

4. Follow-up 

 

5. Analysis. 



CHD Develop CHD does 
not develop 

total 

Smoker  84 (a)  2916 (b) 3000 (a+b) 

Nno-smoker 87 (C) 4913 (d) 5000 (c+d) 

Total  171 (a+c) 7829 (b+d) 8000 

The incidence rates of CHD among smokers i.e. a/(a+b) 

    =84/3000         =28 per 1000 

 

The incidence rates of CHD among non-smokers i.e.  

    =c/(c+d) 

    =87/5000        =17.4 per 1000 



 It is ratio of incidence of the disease among the 

exposed and incidence among the non-exposed.  

 RR  (incidence of disease among exposed)/ 

 (Incidence of disease among non-exposed) 

  =a/(ab)/c/(cd)   

  =28/17.4   

  =1.6 

 If RR is more than 1, then there is a positive 

association 

 If RR is equal to 1, then there is no association 

 Smokers develop CHD 1.6 times more than 

nonsmokers. 



 This is defined as amount or proportion of disease incidence 

that can be attributed to a specific exposure.  

 It indicates to what extent the disease under study can be 

attributed to the exposure: 

(incidence of disease among exposed) - 

(incidence of disease among non exposed)/ 

(Incidence of disease among exposed) 

 =28-17.4/28  

 = 10.6/28 = 0.379 = 37.9% 

 37. 9% of CHD among the smokers was due to smoking. 



    Case-control                             Cohort studies 
Proceeds from effect to              ● Proceeds from cause to 

    cause                                                  effect 

 

Starts with the disease               ● Starts with people    

                                                      exposed to risk factor 

 

Rate of exposure among            ● Tests frequency of disease 
exposed and those not                 among those exposed and exposed 
is studied                           those not exposed 

 

First approach to testing             ● Reserved for testing 

    hypothesis                                   precisely define   
          hypothesis 



         Case-control                                    Cohort studies 
 

 Involves small number of       ● Involves large number of 
    subjects                                  subjects 

 
 Less time and resources        ● More time and cost intensive 

 
 Suitable for rare diseases      ● Difficult to conduct for rare 
                                                diseases 
 
 Yields odds ratio OR            ● Yields incidence rates, RR, AR    
                                                     

 
 Cannot yield information       ● Information about more 
    about diseases one other         than disease is possible 
    than selected for 



Essential elements are: 

 

Drawing up a strict protocol, 

 selecting reference and experimental populations,  

 randomization,  

 intervention,  

 follow-up  

 assessment of outcome. 



Randomization is a statistical procedure where 

participants are allocated into groups called 

study and control groups to receive or not to 

receive an experimental therapeutic or 

preventive procedure, intervention.  

 

Randomization is an attempt to avoid bias and 

allow comparability.  



 Study designs include Concurrent parallel  

 Cross-over type of study designs.  

 

 In the former, study and control groups will be 

studied parallel  

whereas in the latter all the participants will have 

the benefit of treatment after a particular period 

because the control group becomes study group.  



Types of randomized control studies are: 

 

Clinical trials, e.g. drug trials 

Preventive trials, e.g. trials of vaccines 

Risk factor trials, e.g. trials of risk factors of 

cardiovascular disease, e.g. tobacco use, physical activity, 

diet, etc. 

Cessation experiments, e.g. smoking cessation 

experiments for studying lung cancer. 

 



 Bias is systematic error that comes in. 

 

 Bias on the part of participants if they know they 
belong to study group— PARTICIPANT BIAS 

 

 bias because of observer if he knows that he is 
dealing with study group— OBSERVER BIAS 

 

 bias because of investigator INVESTIGATOR BIAS, if 
he knows he is dealing with study group. 

 

In order to prevent this, a technique called 
BLINDING is adopted. 



 Single blind trial means participant will not know 

whether he belongs to study group or control group.  

 

 In double blind studies, both the participant and the 

observer will not be aware. 

  

 In triple blind study, the participant, observer as 

well as the investigator will not be aware 
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USDA APHIS and CFSPH 
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1) To understand the major differences between 
infectious and non-infectious disease epidemiology 

2) To learn about the nature of transmission dynamics 
and their relevance in infectious disease 
epidemiology 

3) Using sexually transmitted infections as an example, 

 to learn about the key parameters in transmission 
dynamics 

 to appreciate the use of mathematical 
transmission models to assess the impact of 
prevention interventions (e.g., vaccines). 

 



Definition of infectious disease (Last, 1995) 

  

 “An illness due to a specific infectious agent 

or its toxic products that arises through 

transmission of that agent or its products 

from an infected person, animal, or reservoir 

to a suceptible host, either directly or 

indirectly through an intermediate plant or 

animal host, vector, or the inanimate 

environment” 



 Prevalence affects incidence, a case can be 
a risk factor 
 Prevalence not just a measure of burden 

of disease in a population, but also the 
probability of encountering an infected 
person 

 Means contact patterns between people 
are critical 

 

 People can be immune 



Susceptible: uninfected, but able to 

become infected if exposed 

 Infectious: infected and able to transmit 

the infection to other susceptible 

individuals 

 Immune: possessing cell-mediated or 

humoral antibody protection against an 

infection 



 

 Diseased/clinical infection: implies the presence 

of clinical signs of pathology (not synonymous with 

infected) 

 Latent infection / subclinical infection: implies 

presence of infectious agent but absence of 

clinical disease 

 Carrier: implies a protracted infected state with 

shedding of the infectious agent. Carriers may be 

diseased, recovering, or healthy. 



 Epidemic: The occurrence in a community or region 

of cases of an illness clearly in excess of normal 

expectancy 

 Outbreak: An epidemic limited to localized 

increase in the incidence of a disease  

 Endemic: The constant presence of a disease or 

infectious agent within a given geographic area or 

population group 

 Pandemic: An epidemic occurring over a very wide 

area, crossing international boundaries and usually 

affecting a large number of people 

Last, JM. A Dictionary of Epidemiology. 1995. 



Direct transmission Indirect transmission 

Mucous membrane to mucous 

membrane – sexually 

transmitted diseases 

Water-borne – hepatitis A 

Across placenta – 

toxoplasmosis 

“Proper” air-borne – chicken  

pox 

Transplants, including blood – 

hepatitis B 

Food-borne – salmonella 

Skin to skin – herpes type I Vectors – malaria 

Sneezes, coughs - influenza Objects/fomites – scarlet fever 

(e.g. toys in a day care centre) 

Giesecke J. Modern Infectious Disease Epidemiology. 2002. p. 16 



Also called “reproductive number” 

 

Average number of new infections caused 
by 1 infected individual  

 

 In an entirely susceptible population 
 Basic reproductive rate, R0 

 

 In a population where <100% are 
susceptible 
 Effective reproductive rate, R = proportion 

susceptible x R0  



 

R0 > 1   Infection spreads (epidemic) 

 

R0 = 1 Infection remains constant (endemic) 

 

R0 < 1 Infection dies out 

 



For a pathogen with direct person-to-person 
transmission 

 

   R0 = βcD 
 
where β is the probability of transmission per 
contact between infected and susceptible 
persons 

 c is the contact rate 

 D is the duration of infectivity 

 

 



 Assumptions 
 Population is fixed (no entries/births or 

departures/deaths) 

 Latent period is zero  

 Infectious period = disease duration 

 After recovery, individuals are immune  

 People can be in one of three states 
 Susceptible to the infection (S) 

 Infected and infectious (I) 

 Recovered/immune (R*) 

Giesecke J. Modern Infectious Disease Epidemiology. 2002. pp. 126-130 

* Not to be confused with R 

denoting reproductive 

number… unfortunate 

nomenclature! 



Consider the following values 
 N = 1000 people 

 Transmission probability, β = 0.15 

 Contact rate, c = 12 contacts per week 

 Infection duration, D = 1 week 

 

 Basic reproductive rate:  R0 = 0.15 * 12 * 
1 = 1.8 

 

 Effective reproductive rate at time t:  Rt = 
St * R0 



To understand the system of transmission of 
infections in a population 

To help interpret observed epidemiological trends 

To identify key determinants of epidemics 

To guide the collection of data 

To forecast the future direction of an epidemic 

To evaluate the potential impact of an 
intervention 



Recall the three main parameters are: 

 Transmissibility (β) 

 

 Duration of infectivity (D) 

 

 Contact rate (c) 

 

 



 Measured as the probability of transmission from 
an infected to a susceptible partner (attack rate) 
 

 Sources of data 
 Contact tracing 

 Discordant couples 

 Studies of sexually active individuals who report 
partners with known STI status, or if the prevalence of 
the STI in the pool of partners is well known 

 

 Challenges 
 Enrollment of sexual partners may be difficult 

 Identification of contacts between infected and 
susceptibles, and direction of transmission 

 What is a “contact”? 



 Sources of data 

 Duration of clinical disease 

 Duration of infection 

 

 Challenges in measurement 

 Duration of disease = duration of infectivity? 

 Asymptomatic versus symptomatic 

 Ethical obligation to treat identified 

infections  

 May need to rely on historical data of 

questionable quality 

 

 



Typically measured as the rate of new 

partner acquisition (e.g., per year) 

 

Model so far assumes homogeneity in 

contact rate 

 

Data source is sexual behaviour surveys 

 General population 

 Selected populations (e.g., adolescents, adults 

aged 18-45, students, gay and bisexual men, 

drug users) 



CHALLENGES 

 Surveys of individuals obtain data on their sexual 
behaviour, but will be incomplete for their 
partners 

 Sexual network studies get detailed partner 
data, but are usually localized and may not be 
generalizable 

 General population surveys are more 
representative of majority, but may 
insufficiently capture members of the core group 

 Validity of self-reported sexual behaviour and 
social desirability bias 



PRACTICAL SESSION 





Surveillance Part 2: 
Implementing Surveillance 

 

Adapted from the FAD PReP/NAHEMS Guidelines: 
Surveillance, Epidemiology, and Tracing (2014). 



Describes sampling methods  

Outlines diagnostic tests 

Diagnostic sample collection 

Overview of surveillance planning 

resources 

 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



Considerations for accurate and practical sampling 

methods: 

 Sample type 

 Sample size 

 Random sampling vs. targeted sampling 

 Sampling duration and frequency 

 Sample areas/locations 

 Availability of diagnostic tests 

 Pooled testing  

 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



• Sample type 

– Disease agent 

– Available tests 

– Laboratory capabilities 

• Sample size 

– Population size 

– Disease prevalence 

– Diagnostic test sensitivity 

– Confidence level  

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



Random sampling 

 Every animal in the targeted population has an 

equal chance of getting selected for testing  

Targeted sampling  

 May choose animals for convenience or 

because a certain group has a specific risk 

factor or higher prevalence of disease  

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



Random sampling  

 Every animal has an equal 

chance of being selected for 

testing 

 Preferred over non-random 

sampling for  

 Determining prevalence or 

incidence of disease 

 Results are better extrapolated 

Targeted sampling  

• Animals not chosen 

randomly 

• Usually preferred during a 

disease outbreak 

• Primary objective is to 

identify cases of disease 

• Cost effective and increases 

likelihood          of finding 

new cases   

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



 Surveillance  

 Begins as soon as possible in an FAD 

outbreak 

 Susceptible animals 

 Sampled a minimum of three times 

during the maximum incubation 

period 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



• Latent period 

– Period of time between 

host infection and ability 

to infect others 

• Incubation Period 

– Period of time between 

infection and 

development  of clinical 

signs  

 

 Infectious period 

 Period of time that 

an infected animal 

can transmit the 

pathogen to 

another susceptible 

animal  

 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



Target population may be selected based on area or 

location 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



• Diagnostic test availability  

– Validated and approved 

– Affected by manufacturer capacity, reagent availability, etc. 

• Pooled testing 

– Samples from multiple animals are combined into a single 

test 

– Cost effective and useful when resources are limited 

– May not be appropriate for all samples  

 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



National Veterinary Services Laboratory (NVSL) 

determines    which diagnostic tests will be used 

 Factors considered include: 

 Speed 

 Reliability and reproducibility 

 Precision and accuracy 

 Ease of use 

 Cost 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



 Sensitivity 

 Ability of a test to correctly classify 

diseased animals             as positive 

 Specificity 

 Ability of test to correctly classify             

non-diseased animals as disease 

negative 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



• Blood or serum 

 

• Skin or vesicular lesions 
– Epithelial tissue              or vesicular fluid 

 

• Feces, rectal swabs, cloacal swabs, or genital 
tract swabs 

 

• Semen samples 

 

• Nasal, oral, or oropharyngeal swabs 

 

 
USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



• Nasal discharge, saliva, tears 

 

• Tissues 

– Tonsil, spleen, kidney, liver, lymph node, lung, brain, 

etc. 

 

• Milk 

 

• Other environmental samples 

 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



 Follow protocols to prevent cross- 

contamination and sample 

degradation 

 

 Collecting specimens 

 Packaging specimens 

 Biosecurity protocols 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



• Demonstrating freedom from infection is 

part of a surveillance plan 

• Freedom from infection 

– Implies the absence of the pathogen          in a 

country, zone or compartment 

– Must be demonstrated to the World 

Organization for Animal Health (OIE) 

– Standards outlined in Chapter 1.4 of the OIE 

Terrestrial Animal Health Code 

 

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 



Outbreak Surveillance Toolbox 

 Assists in surveillance plan development 

 Provides: 

 Case definitions and case classifications 

 Premises classifications 

 Disease control zones 

 Sampling plans  

USDA APHIS and CFSPH 

FAD PReP/NAHEMS Guidelines: Surveillance, Epi, and 

Tracing - Surveillance Part 2 







  

 

PUBLIC HEALTH 

SURVEILLANCE   



  

Surveillance  

from the French sur (over) and veiller (to 

watch) —  

 

is the “close and continuous observation of one 

or more persons for the purpose of direction, 

supervision, or control.” 

 

In his classic 1963 paper, Alexander Langmuir 

applied surveillance for a disease to mean  

 

“the continued watchfulness over the 

distribution and trends of incidence [of a 

disease] through the systematic collection, 

consolidation, and evaluation of morbidity and 

mortality reports and other relevant data.” 



  

Evolution of Surveillance  

The term SURVEILLANCE was used initially in 

public health to describe the close monitoring of 

persons who, because of an exposure, were at 

risk for developing highly contagious and 

virulent infectious diseases that had been 

controlled or eradicated in a geographic area or 

among a certain population  

(e.g., cholera, plague, and yellow fever in the 

United States in the latter 1800s).  

 

These persons were monitored so that, if they 

exhibited evidence of disease, they could be 

quarantined to prevent spreading the disease to 

others.   



 The use of data to monitor health problems to 

facilitate their prevention or control. 

 

  Data, and interpretations derived from the 

evaluation of surveillance data, can be useful 

in setting priorities, planning, and conducting 

disease control programs, and in assessing the 

effectiveness of control efforts.  

 

 For example; 

   identifying geographic areas or populations 

with higher rates of disease can be helpful in 

planning control programs.  



Public health surveillance provides and 
interprets data to facilitate the prevention 
and control of disease.  

To achieve this purpose, surveillance for a 
disease or other health problem should have 
clear objectives.  

These objectives should include a clear 
description of how data that are collected, 
consolidated, and analyzed for surveillance 
will be used to prevent or control the 
disease. 



• Timeliness, to implement effective control 

measures;  

 

• Representation, to provide an accurate picture of 

the temporal trend of the disease;  

 

• Sensitivity, to allow identification of individual 

persons with disease to facilitate treatment; 

quarantine, or other appropriate control 

measures; 

 

• Specificity, to exclude persons not having 

disease.  

 



 (1) Identify, define, and Selecting a Health 

Problem for Surveillance  

 (2) Collect and compile data about the 

problem 

 (3) Analyze data  

 (4) Disseminating Data and Interpretations 

 (5) Evaluating and Improving Surveillance 



(1) Identify, define, 

and Selecting a 

Health Problem 

for Surveillance 



  
 

I. I. Public health importance of the 
problem 
 

II. II. Ability to prevent, control, or treat 
the health problem 
 

III. III. Capacity of health system to 
implement control measures for the 
health problem 
 

 

  

 

  

 



Criteria developed for selecting and prioritizing health 
problems for surveillance include the following: 

 

I. Public health importance of the problem:  
 

• incidence, prevalence,  

• severity, sequela, disabilities,  

• mortality caused by the problem,  

• socioeconomic impact,  

• communicability,  

• potential for an outbreak,  

• public perception and concern, and  

• international requirements.  
 

  

 



  

II. Ability to prevent, control, or treat the 

health problem:  

 

 • preventability and  

• control measures and treatment.  

 

 

 



III. Capacity of health system to implement 

control measures for the health problem: 

  

 • speed of response,  

• economics,  

• availability of resources, and  

• what surveillance of this event requires  

 

  

 



 (2) Collect  

and  

compile data  

about the problem    



Typical Sources of Data  

 Individual persons  

• Health-care providers, facilities, and 
records  

• Physician offices  

• Hospitals  

• Outpatient departments  

• Emergency departments  

• Inpatient settings  

• Laboratories  

 

 

 



Typical Sources of Data  
 

Environmental conditions  

• Air  

• Water  

• Animal vectors  

 

Administrative actions  

• Financial transactions  

• Sales of goods and services  

• Taxation  
 

 

 



(3)  

ANALYZE   

DATA 



Analyzing by time 

Analyzing by place 

Analyzing by time and place 

Analyzing by person (age & sex) 
 

 



(4)  

Disseminating Data 

and  

Interpretations 

 



* Timely, regular dissemination of basic data and 
their interpretations is a critical component of 
surveillance.  

 

* Data and interpretations should be sent to those 
who provided reports or other data  

      (e.g., health-care providers and laboratory    

                                directors).  

 

* They should also be sent to those who use them 
for planning or managing control programs, 
administrative purposes, or other health-related 
decision-making.  



* Dissemination of surveillance information can 
take different forms, Perhaps the most common 
is a surveillance report or summary, which serves 
two purposes: to inform and to motivate. 

  

* Information on the occurrence of health 
problems by time, place, and person informs 
local physicians about their risk for their 
encountering the problem among their patients. 

  

* Other useful information accompanying 
surveillance data might include prevention and 
control strategies and summaries of 
investigations or other studies of the health 
problem.  



* A report should be prepared on a regular basis 

and distributed by mail or e-mail and posted on 

the health department’s Internet or intranet site, 

as appropriate. 

 

* Depending on the circumstances, reports of 

surveillance data and their interpretation might 

also be directed at the general public, 

particularly when a need exists for a public 

response to a particular problem. 



   (5) Evaluating  

and  

    Improving      

      Surveillance  



Surveillance for a disease or other health-related 

problem should be evaluated periodically to 

ensure that it is serving a useful public health 

function and is meeting its objectives. 

  

Such an evaluation:  

(1) (1) identifies elements of surveillance that 

should be enhanced to improve its attributes,  

(2) (2) assesses how surveillance findings affect 

control efforts, and  

(3) (3) improves the quality of data and 

interpretations provided by surveillance.  
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Investigating an Outbreak 
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Investigating an Outbreak 
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Introduction : Uncovering outbreaks  
Outbreaks of disease —  

the occurrence of more cases than expected 

— occur frequently. 

  

Each day, health departments learn about 

cases or outbreaks that require 

investigation. 

  

While CDC recorded over 500 outbreaks of 

food borne illness alone each year during the 

1990s, and many more outbreaks may go 

undetected.   



Investigating an Outbreak 
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Introduction : Field investigations  
are usually justified for one or more of the 

following reasons:  

 
1• Control or prevention of the health problem. 

  

2• Opportunity to learn (research opportunity). 

  

3• Public, political, or legal concerns. 

  

4• Public health program considerations. 

  

5• Training  



6. Outbreak Investigation 

1. Prepare for field work.  

 

2. Establishing the existence of an outbreak. 

 

3. Verify the diagnosis. 

 

4. Construct a working case definition  

 

5. Find cases systematically and record  information 

  

(13) steps of outbreaks investigations 
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Outbreak Investigation 

 

 

6. Perform descriptive epidemiology. 

  

7. Develop hypotheses. 

  

8. Evaluate hypotheses epidemiologically  

 

9. Reconsider, refine, and re-evaluate hypotheses  

 

   

(13) steps of outbreaks investigations 
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Outbreak Investigation 

10. Compare and reconcile with laboratory and/or 

environmental studies  

 

11. Implement control and prevention  measures. 

 

12. Initiate or maintain surveillance. 

  

13. Communicating findings. 

(13) steps of outbreaks investigations 

196 



Outbreak Investigation — Steps 1  
  

• Regardless of when the decision to conduct a 
field investigation is made, you should be well 
prepared before leaving for the field.  

 
• The preparations can be grouped into two 

broad categories:  
 
(a) Scientific and investigative issues, and  
(b) Management and operational issues.  
 
Good preparation in both categories is needed to 

facilitate a smooth field experience.  

Step 1 — Prepare the field work 
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Outbreak Investigation — Steps 1  
  

(A). Scientific and investigative issues,  
1. Appropriate scientific knowledge, 

supplies, and equipment to carry out 
the investigation before departing for 
the field. 
 

2. Consult laboratory staff to ensure that 
you take the proper laboratory 
material and know the proper 
collection, storage, and transportation 
techniques. 

 

Step 1 — Prepare the field work 
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Outbreak Investigation — Steps 1  
  

(A). Scientific and investigative issues,  
 

3. Supplies or equipment to bring to 
protect yourself. Some outbreak 
investigations require no special 
equipment while an investigation of 
SARS or Ebola hemorrhagic fever may 
require personal protective equipment 
such as masks, gowns, and gloves. 

Step 1 — Prepare the field work 
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Outbreak Investigation — Steps 1  
  

(A). Scientific and investigative issues,  
4. Finally, before departing, you should 

have a plan of action. What are the 
objectives of this investigation, i.e., 
what are you trying to accomplish? 
What will you do first, second, and 
third?  

Having a plan of action upon which 
everyone agrees will allow you to “hit 
the ground running” and avoid delays 
resulting from misunderstandings.  

Step 1 — Prepare the field work 
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Outbreak Investigation — Steps 1  
  

(B). Management and operational issues,  
* A good field investigator must be a good 

manager and collaborator as well as a 
good epidemiologist,  

because most investigations are 
conducted by a team rather than just 
one individual.  

The team members must be selected 
before departure and know their 
expected roles and responsibilities in 
the field.  

Step 1 — Prepare the field work 
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Outbreak Investigation — Steps 1  
  

(B). Management and operational issues,  
* Depending on the type of outbreak, the 

number of involved agencies may be 
quite large.  

FDA:  outbreak from an animal source 
FBI: If criminal or bioterrorist intent is 

suspected  
FEMA : In a natural disaster (hurricane) 
 
  
 

Step 1 — Prepare the field work 
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(Federal Emergency Management Agency)  



Outbreak Investigation — Steps 1  
  

(B). Management and operational issues,  
* A communications plan must be 

established. 
* Arrange to bring a laptop computer, cell 

phone or phone card, camera, and other 
supplies. 

  

 

Step 1 — Prepare the field work 
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* If you are traveling to another country, you 
will need a passport and often a visa. You 
should also take care of personal matters 
before you leave, especially if the 
investigation is likely to be lengthy.  



Outbreak Investigation — Steps 2 
  

• An outbreak or an epidemic is 
the occurrence of more cases of 
disease than expected in a given 
area or among a specific group 
of people over a particular 
period of time. 

Step 2 — Establish the existence of 

an outbreak 
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Outbreak Investigation — Steps 2 
  

• In contrast to outbreak and 
epidemic, 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.  

Step 2 — Establish the existence of 

an outbreak 
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Outbreak Investigation — Steps 2 
  

• One of the first tasks of the field 
investigator is to verify that a cluster 
of cases is indeed an outbreak.  
 

• Some clusters turn out to be true 
outbreaks with a common cause, 
some are sporadic and unrelated 
cases of the same disease, and 
others are unrelated cases of similar 
but unrelated diseases.  

Step 2 — Establish the existence of 

an outbreak 

206 



Outbreak Investigation — Steps 3 
  

• (a) to ensure that the 
disease has been properly 
identified, since control 
measures are often disease-
specific; 

 
•  (b) to rule out laboratory 

error as the basis for the 
increase in reported cases. 

Step 3 — Verify the diagnosis 
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Outbreak Investigation — Steps 3 
  

• First, review the clinical 
findings and laboratory 
results. If you have 
questions about the 
laboratory findings  , ask a 
qualified laboratorian to 
review the laboratory 
techniques being used.  

Step 3 — Verify the diagnosis 
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Outbreak Investigation — Steps 3 
  

• Second, many investigators 
— clinicians and non-
clinicians — find it useful to 
visit one or more patients 
with the disease. Talking 
directly with some patients 
helps you to develop a 
mental image of the disease 
and the patients affected by 
it.  

Step 3 — Verify the diagnosis 
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Outbreak Investigation — Steps 3 
  

• Third, summarize the clinical 
features using frequency 
distributions. Are the clinical 
features consistent with the 
diagnosis? 

• verifying the diagnosis, and 
developing case definitions. 
are considered so important  

Step 3 — Verify the diagnosis 
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Outbreak Investigation — Steps 4 
  

• A case definition includes clinical 
criteria and — particularly in the 
setting of an outbreak 
investigation — restrictions by 
time, place, and person. 

 
•  Whatever the criteria, they 

must be applied consistently to 
all persons under investigation.  

Step 4 — Construct a working 

case definition  
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Outbreak Investigation — Steps 4 
  

• As a result, investigators often 
create different categories of a 
case definition, such as: 

Confirmed,  
Probable, and  

Possible or  
Suspect,  

that allow for uncertainty.  

Step 4 — Construct a working 

case definition  

212 



Outbreak Investigation — Steps 4 
  

• A case definition is a tool for classifying 
someone as having or not having the 
disease of interest, but few case 
definitions are 100% accurate in their 
classifications.  

• Some persons with mild illness may be 
missed, and some persons with a similar 
but not identical illness may be included.  

• Generally, epidemiologists strive to 
ensure that a case definition includes 
most if not all of the actual cases, but 
very few or no false-positive cases.  

Step 4 — Construct a working 

case definition  
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Outbreak Investigation — Steps 5 
  

• Investigators may conduct what is 
sometimes called stimulated or 
enhanced, passive surveillance by 
sending a letter describing the 
situation and asking for reports of 
similar cases.  

• Alternatively, they may conduct active 
surveillance by telephoning or visiting 
the facilities to collect information on 
any additional cases  

Step 5 — Find cases 

systematically and record 

information  
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Outbreak Investigation — Steps 5 
  

• The data collection form should 
include the following types of 
information about each case; 

• Identifying information  

• Demographic information  

• Clinical information 

• Risk factor information 

• Reporter information.   

 

Step 5 — Find cases 

systematically and record 

information  
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Outbreak Investigation — Steps 5 
  

Identifying information;  

A name, address, and telephone number 
is essential if investigators need to 
contact patients for additional 
questions and to notify them of 
laboratory results and the outcome of 
the investigation.  

Names also help in checking for duplicate 
records,  

while the addresses allow for mapping 
the geographic extent of the problem.  

Step 5 — Find cases 

systematically and record 

information  
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Outbreak Investigation — Steps 5 
  

Demographic information,  

• Age, sex, race, occupation, etc.  

• provide the person characteristics 
of descriptive epidemiology 
needed to characterize the 
populations at risk.  

Step 5 — Find cases 

systematically and record 

information  
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Outbreak Investigation — Steps 5 
  

Clinical information, Signs and 
symptoms allow investigators to 
verify that the case definition has 
been met. Date of onset is needed 
to chart the time course of the 
outbreak.  

Step 5 — Find cases 

systematically and record 

information  
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Outbreak Investigation — Steps 5 
  

Risk factor information,  

• This information must be tailored 
to the specific disease in question. 
For example, since food and water 
are common vehicles for hepatitis A 
but not hepatitis B, exposure to 
food and water sources must be 
ascertained in an outbreak of the 
former but not the latter.  

 

Step 5 — Find cases 

systematically and record 

information  
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Outbreak Investigation — Steps 5 
  

Reporter information, 

The case report must include the 
reporter or source of the report, 
usually a physician, clinic, hospital, 
or laboratory.  

Investigators will sometimes need to 
contact the reporter, either to seek 
additional clinical information or 
report back the results of the 
investigation.  

 

Step 5 — Find cases 

systematically and record 

information  
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Outbreak Investigation — Steps 6 
  

• This process, in which 
the outbreak is 
characterized by TIME, 
PLACE, and PERSON, is 
called; 

Descriptive epidemiology 

Step 6 — Perform descriptive 

epidemiology 
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Outbreak Investigation — Steps 6 
  

• Time  
• Traditionally, a special type of 

histogram is used to depict the 
time course of an epidemic. This 
graph, called an epidemic curve, 
or epi curve for short, provides 
a simple visual display of the; 

outbreak’s magnitude and  

time trend.  

Step 6 — Perform descriptive 

epidemiology 
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Outbreak Investigation — Steps 6 
  

• Place  
Assessment of an outbreak by place 

not only provides information on 
the geographic extent of a problem, 
but may also demonstrate clusters 
or patterns that provide important 
etiologic clues. A spot map is a 
simple and useful technique for 
illustrating where cases live, work, 
or may have been exposed.  

Step 6 — Perform descriptive 

epidemiology 
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Outbreak Investigation — Steps 6 
  

• Person  
Characterization of the outbreak by person 

provides a description of whom the case-
patients are and who is at risk.  

Person characteristics that are usually 
described include both host characteristics 
(age, race, sex, and medical status)  

and possible exposures (occupation, leisure 
activities, and use of medications, 
tobacco, and drugs). 

Step 6 — Perform descriptive 

epidemiology 
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Outbreak Investigation — Steps 7 
  

Step 7 — Develop hypothesis 

225 

Investigators usually begin to generate 

hypotheses at the time of the initial 

telephone call.  

 

Depending on the outbreak,  

the hypotheses may address the 

source of the agent,  

the mode (and vehicle or vector) of 

transmission, and  

the exposures that caused the disease.  

The hypotheses should be testable.  



Outbreak Investigation — Steps 7 
  

Step 7 — Develop hypothesis 

226 

In an outbreak context, hypotheses are 

generated in a variety of ways; 

 

*What you know about the disease itself? 

*What is the agent’s usual reservoir? 

*How is it usually transmitted? 

*What vehicles are commonly implicated?  

*What are the known risk factors?  

 

In other words, by being familiar with the 

disease, you can, at the very least,   

“round up the usual suspects.” 



Outbreak Investigation — Steps 8 
  

Step 8 — Evaluate hypothesis 

epidemiologically  

227 

Typically, hypotheses in a field 

investigation are evaluated using a 

combination of environmental 

evidence, laboratory science, and 

epidemiology.  

From an epidemiologic point of view, 

hypotheses are evaluated in one of two 

ways: either by comparing the 

hypotheses with the established facts 

or by using analytic epidemiology to 

quantify relationships and assess the 

role of chance.  
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Step 8 — Evaluate hypothesis 

epidemiologically  
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The first method is likely to be used when 

the clinical, laboratory, environmental, 

and/or epidemiologic evidence so obviously 

that formal hypothesis testing is 

unnecessary. 

 

In many other investigations, however, the 

circumstances are not as straightforward, 

and information from the series of cases is 

not sufficiently. In such investigations, 

epidemiologists use analytic epidemiology 

to test their hypotheses. 
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Step 8 — Evaluate hypothesis 

epidemiologically  
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The key feature of analytic epidemiology   is a 

comparison group.  

The comparison group allows epidemiologists 

to compare; 

  

the observed pattern among case-patients or 

a group of exposed persons  

With 

  

the expected pattern among non cases or 

unexposed persons. 
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Step 8 — Evaluate hypothesis 

epidemiologically  
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The two most common types of 

analytic epidemiology Investigating 

an Outbreak studies used in field 

investigations; 

(1)Retrospective cohort studies  

                and  

(2) Case-control studies  
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Step 9 — Reconsider, refine, 

and re-evaluate hypotheses   
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When analytic epidemiology is 

unrevealing, rethink your 

hypotheses.  

Consider convening a meeting of 

the case-patients to look for 

common links or visiting their 

homes to look at the products on 

their shelves.  

Consider new vehicles or modes of 

transmission.  
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Step 10 — Compare and reconcile 

with laboratory and environmental 

studies  
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While epidemiology can implicate vehicles and 

guide appropriate public health action, 

laboratory evidence can confirm the findings. 

Environmental studies are often helpful in 

explaining why an outbreak occurred  

 

While you may not be an expert in these other 

areas, you can use a camera to photograph 

working or environmental conditions.  

Coordinate with the laboratory, and bring back 

physical evidence to be analyzed.   
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• in practice control and prevention activities 
should be implemented as early as possible. 
The health department’s first responsibility 
is to protect the public’s health, so if 
appropriate control measures are known and 
available, they should be initiated even 
before an epidemiologic investigation is 
launched.  

• For example, a child with measles in a 
community with other susceptible children 
may prompt a vaccination campaign before 
an investigation of how that child became 
infected. 

Step 11 — Implement control and 

preventive measures 
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Step 11 — Implement control and 

preventive measures 
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In general, control measures are usually 

directed against one or more segments in 

the chain of transmission; 

  

(AGENT,  

SOURCE,  

MODE OF TRANSMISSION,  

PORTAL OF ENTRY, or  

HOST)  

 

that are susceptible to intervention.  
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• Once control and prevention measures have 
been implemented, they must continue to be 
monitored.  

• If surveillance has not been ongoing, now is 
the time to initiate active surveillance.  

• If active surveillance was initiated as part of 
case finding efforts, it should be continued. 
The reasons for conducting active 
surveillance at this time are two fold;  

Step 12 — Initiate or maintain 

surveillance  
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First, you must continue to monitor the situation and 
determine; 

 whether the prevention and control measures are working.? 

Is the number of new cases slowing down or, better yet, 
stopping?  

Or are new cases continuing to occur? If so, where are the 
new cases?  

Are they occurring throughout the area, indicating that the 
interventions are generally ineffective,  

or are they occurring only in pockets, indicating that the 
interventions may be effective but that some areas were 
missed?  

Step 12 — Initiate or maintain 

surveillance  
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• Second, you need to know whether 
the outbreak has spread outside its 
original area or the area where the 
interventions were targeted.  

 

• If so, effective disease control and 
prevention measures must be 
implemented in these new areas.  

Step 12 — Initiate or maintain 

surveillance  
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• Development of a communications plan and 
communicating with those who need to know 
during the investigation is critical.  

• The final task is to summarize the investigation, 
its findings, and its outcome in a report, and to 
communicate this report in an effective manner. 

Step 13 —  

Communicate findings 
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This communication usually takes two forms: 

  

• An oral briefing for local authorities.  

 

• A written report  

 

Step 13 —  

Communicate findings 
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(1). An oral briefing for local authorities; 

• If the field investigator is responsible for 
the epidemiology but not disease control, 
then the oral briefing should be attended 
by the local health authorities and persons 
responsible for implementing control and 
prevention measures.  

 

Step 13 —  

Communicate findings 
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(2). A written report  
Investigators should also prepare a written report that follows 

the usual scientific format of introduction, background, 
methods, results, discussion, and recommendations.  

By formally presenting recommendations, the report provides 
a blueprint for action.  

It also serves as a record of performance and a document for 
potential legal issues. It serves as a reference if the health 
department encounters a similar situation in the future.   

 

Step 13 —  

Communicate findings 
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In 1976, during an American Legion Convention, 11 attendees 

had died of apparent heart attacks by August 1. Dr. Campbell 

contacted the Pennsylvania Department of Health after 
realizing he had treated 3 of those 11 attendees. What is the first 

step the Pennsylvania Department of Health should have 

followed? 
 

A. Establish a surveillance system. 

B. Alert the convention attendees. 

C. Establish the existence of an outbreak. 

D. Send an investigation team to the hotel. 

Knowledge Check 
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CDC then launched an investigation. However, no effective 

communication existed between scientists in the field 

interviewing patients and those in the laboratory who were 
testing specimens. 

 

As a first step in stopping this outbreak, what should the team 

have done to identify persons who were part of the outbreak? 

 

A. Verify a diagnosis. 

B. Establish a case definition to identify cases.  

C. Communicate findings to the public. 

D. Implement prevention measures. 

Knowledge Check 
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In speculating that the cooling system might be the 

source of the outbreak, what step was the 

epidemiologist implementing? 

Knowledge Check 

A. Developing a hypothesis. 

B. Refining a hypothesis. 

C. Evaluating a hypothesis. 

D. Verifying a diagnosis. 
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In January 1977, the Legionella bacterium was finally 

identified and isolated and was found to be breeding in the 

cooling tower of the hotel’s air-conditioning system; the 
bacteria then spread through the building whenever the 

system was engaged. What should the investigation team do 

regarding their original hypothesis?  
 

A. Evaluate it. 

B. Refine it. 

C. Confirm it. 

D. Both A and B. 

Knowledge Check 
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The finding from this outbreak investigation lead to 

development of new regulations worldwide for climate 

control systems. What step does this illustrate? 
 

A. Communicate the findings. 

B. Implement control and prevention measures. 

C. Perform descriptive epidemiology. 

D. Refine the hypothesis. 

 

Knowledge Check 
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