
Prof (Dr) RN Basu



Content
TOPIC SLIDE
5. Analytic epidemiology

 Experimental study

 Observational study

 Cohort study

 Case control study

 Cross-sectional study

52

55

57

57

61

62

6. Concept of disease occurrence 64

7. Natural history and spectrum of disease

 Incubation period

 Latency period

 Spectrum of disease

 Infectivity

 Pathogenicity

 Virulence

 Carriers

76

79

79

81

82

83

83

84

8. Chain of infection 

 Transmission of disease 

 Reservoir                        

 Portal of exit                    

 Modes of transmission    

 Portal of entry             

 Host

86

86

86

91

93

99

99

100



Analytic Epidemiology

• Analytic epidemiology

• Descriptive epidemiology can lead to development of a hypothesis

• But unless these hypotheses are tested, it cannot be said whether that 
hypothesis is acceptable or not

• This needs proper testing of these hypothesis

• The testing methods are provided by Analytic epidemiology

• The key feature of analytic epidemiology is a comparison group

• These groups are test group and control group

• Test group is the affected group and the control group is the people who were 
exposed but not affected
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Analytic Epidemiology

• Factors of association

• Epidemiologic Investigators try to look for the factors that make a person 
more prone to get a disease

• These factors could be

• Demographic such as age, race, sex

• Constitutional factors such as blood group or immune status

• Behaviour or act such as smoking or a particular food habit

• Circumstances such as living near a toxic waste site

• If factors of  association are found then targeted health intervention can 
be done
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Analytic Epidemiology

• Analytic epidemiology deals with finding a relation between 
causes and effects

• By using analytic methods, quantification of association between 
exposures and outcomes is done

• Analytic epidemiology is also used to test hypothesis about the 
causal relationships

• There are two categories of epidemiologic studies

1. Experimental

2. Observational
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Analytic Epidemiology

• Experimental studies

• In this, a controlled process of exposure is made either to individual 
(clinical trial) or community (community trial)

• Then over a period of time the individuals or community is tracked to find 
what effects have taken place

• Example

• In a clinical trial of a new vaccine, some individuals are randomly allocated to 
the experimental group and some are allocated to the control group

• The experimental group receives the vaccine while the control group receive 
only a placebo shot
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Analytic Epidemiology

• Then, all participants of both groups are tracked to see who gets the disease the 
vaccine is intended to prevent and who does not get the disease

• Similarly, in a trial to determine what is the best intervention to prevent 
diabetes, three groups are randomly selected

• One group receives an anti diabetic drug, the second receives a placebo 
and the third group undergoes life style changes

• At the end of the follow up period it is seen that 

• the group who have undergone lifestyle changes had the least number of cases, 

• those on anti diabetic drug had the second least number and 

• those on placebo had the highest number
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Analytic Epidemiology

• Observational study

• In this type of study, the epidemiologists simply observe the exposure and the 
disease status of each participants

• The two most common types of observational studies are cohort studies and 
case control study

• A third type is cross-sectional studies

• Cohort study

• It is similar in nature with experimental studies

• In a cohort study it is observed whether the study participants is exposed or not

• Thereafter they are observed, if they develop the disease of interest
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Analytic Epidemiology

• After a period of time, the investigator compares the disease rate in the 
exposed group with the disease rate in the unexposed group 

• The unexposed group serves as the comparison group

• They provide a base line for the expected amount of disease in the 
community

• If the disease rate is substantially different in the exposed group 
compared to the unexposed group, the exposure is then is the factor 
associated with the illness

• The length of follow up varies considerably

• In an outbreak situation, the study period is brief
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Analytic Epidemiology

• But in some illnesses such as cancer, cardiovascular diseases and some other chronic 
illnesses the study period may last for years or decades

• The Framingham study is a well-known cohort study that has followed over 5000 
residents of Framingham, Massachusetts since the early 1950s

• The purpose of this study is to establish the rates and risk factors for heart diseases

• The Nurses’ Health Study and Nurses’ Health Study II are among the largest 
investigations into the risk factors for major chronic diseases in women

• From the original Nurses’ Health Study established in 1976, the studies are now in 
their third generation with Nurses’ Health Study 3 and count more than 280,000 
participants.

• These studies are sometimes called follow up or prospective study
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Analytic Epidemiology

• An alternative type of cohort study is the retrospective cohort study

• In this type of study, both the exposures and the outcomes have already 
occurred

• As in the prospective study, the investigator calculates and compares the 
rates of disease in the exposed and unexposed groups

• Retrospective cohort studies are commonly used` in investigation of 
diseases in groups of easily identified people

• Example:

• Students in a school, or 

• Nurses working in a hospital
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Analytic Epidemiology

• Case-control study

• Investigators start by enrolling people with disease

• As a comparison group, then a group of people without disease is enrolled

• Previous exposures between the two groups are then compared

• The control group provides an estimate of the baseline or expected amount of 
exposure in the community

• If the amount of exposure among the case group is substantially higher than 
expected, then illness is said to be associated with the exposure

• The key in a case control study is to identify an appropriate control group

• The participants should be comparable to the case group in most respects
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Analytic Epidemiology

• Cross-sectional study

• This is the third type of observational study

• A sample of persons from a population is enrolled and their exposures 
and health-outcomes are measured simultaneously

• This study tries to assess the presence (prevalence) of the health outcome 
at that point of time without regard to  duration

• From an analytic point of view, the cross sectional study is weaker than 
the other two types of study

• This is because, a cross sectional study usually cannot disentangle risk factors 
for occurrence of disease (incidence) from risk factors for survival of disease
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Analytic Epidemiology

• A cross-sectional study is quite an appropriate tool for descriptive 
epidemiology purposes

• Cross-sectional studies are used routinely to document 

• the prevalence in a community of health behaviours (prevalence of smoking)

• Health states (prevalence of vaccination against measles)

• Health outcomes, particularly chronic conditions (hypertension, diabetes)

• The purpose of analytic study is to identify and quantify the 
relationship between an exposure and a health outcome

• The requirement is the presence of tat least two groups – one will 
serve as a comparison group
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Concept of Disease Occurrence

• Disease occurrence

• The assumption in epidemiology is

• Diseases and other health events do not occur randomly in a population

• They are likely to occur in some members of the population due to 
exposure to risk factors

• Risk factors do not distributed randomly in the population

• Epidemiology tries to identify factors that place some members of 
the population at greater risk than others
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Concept of Disease Occurrence

• Causation

• Many models have been proposed

• Most simplest among these is the epidemiologic triad or triangle

• This is the traditional model for infectious disease

• The triad consists of: 

• An external agent, 

• A susceptible host, and

• An environment - brings the host
and agent together
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Concept of Disease Occurrence

• In this model disease occurs from the interaction between the agent and 
the susceptible host

• The environment supports transmission of the agent from a source to that 
host  

• Agent, host, and environment interrelate in a variety of ways to produce the 
disease

• Different diseases require different balances and interactions of these three 
components

• Prevention and control of diseases require assessment of all three 
components and their interactions
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Concept of Disease Occurrence

• Agent

• Agent was originally referred to as an infectious microorganism or 
pathogen

• These are: a virus, parasite, or other microbe

• Generally the agent must be present for the disease to occur

• Present of the agent alone is not always sufficient to cause disease

• A variety of factors influence whether exposure to an organism will result 
in disease

• This includes organisms pathogenicity (ability to cause disease) and dose
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Concept of Disease Occurrence

• Over time, the concept of agent has been widened

• It also includes not only microbial agents but also physical and chemical agents

• The epidemiologic triad has been useful for many diseases

• But it is proven inadequate for cardiovascular diseases and cancer

• These diseases have multiple causative factors and there is no one single cause

• Host

• This refers to human who can get the disease

• There are many factors that are intrinsic to the host that can contribute to the 
causation of disease
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Concept of Disease Occurrence

• These factors influence the host’s exposure, susceptibility, or response to a 
causative agent

• Opportunities for exposure are often influenced by factors such as

• behaviours such as smoking, 

• hygiene, and 

• other personal choices as well as 

• by age and sex 

• Various other factors also influence susceptibility and response to an agent 

• These are: genetic composition, nutritional and immunogenic status, presence of 
disease or medication and physiological makeup
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Concept of Disease Occurrence

• Environment

• These are extrinsic factors 

• These factors affect the agent and the opportunity for exposure

• Environmental factors include:

• Physical factors

• E.g., geology and climate

• Biologic factors

• Such as insects that transmit the agent, and

• Socioeconomic factors

• Such as crowding, sanitation and availability of health service
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Concept of Disease Occurrence

• Component Causes and causal pies

• The agent-host-environment model was not sufficient to explain the 
causation of certain diseases 

• Such as cardiovascular diseases and cancer

• To explain the causation of these diseases, other models have been 
proposed

• Rothman in 1976 proposed one such model known as the causal pies

• A pie has many components

• After all the components fall in place, the pie is complete
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Concept of Disease Occurrence

• The individual factors that cause a disease are represented as a piece of 
a pie

• When all the pieces of a pie fall in place, the pie is complete and the disease can 
occur

• The individual factors are called component causes

• The complete pie might be considered a causal pathway

• The complete pie is called a sufficient cause

• A disease may have more than one sufficient cause

• Each sufficient cause is composed of several component causes

• A component that appears  in all pie or pathway is called a necessary cause 
because without it the disease cannot occur
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Concept of Disease Occurrence

73

Component Pie Model

• Example

• The lights at home shine because 
they each have:

• a light bulb, 

• there is wire to the light bulbs, 

• the switches are on, 

• there is a power grid, and 

• there is a power source. 

• Take any of these factors away, and 
there is no light:

In the above model of a “pie” A to 
J are components. Component A 
appears in all the pie. So it is the 
necessary cause



Concept of Disease Occurrence

• The component causes may include intrinsic host factors and also 
the agent and the environmental factors of the epidemiologic triad

• A single component cause is rarely a sufficient cause by itself 

• For example

• During the present pandemic of COVID-19, not all exposed persons are 
getting the disease

• Host susceptibility factors and other host factors play a role in 
disease causation

• As the component pie model indicates, a particular disease may 
result from a variety of causes or pathways
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Concept of Disease Occurrence

• For example,

• Lung cancer may result from a sufficient cause that includes smoking as a 
component cause

• Smoking is not a sufficient cause by itself – all smokers do not develop lung 
cancer

• Even some non-smokers develop lung cancer

• So smoking is not a necessary cause

• Prevention of a disease does not depend upon identification of every 
component cause

• Disease prevention can be achieved by blocking any single component of a 
sufficient cause
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Natural History and Spectrum of Disease

• Natural history of disease

• A disease may progress over time in absence of treatment

• Example:

• Untreated HIV infection causes a spectrum of clinical problems that begins at the 
time of seroconversion

• If remains untreated it will terminate with AIDS and may be death

• Many diseases (may not be all) have a characteristic natural history with 
varying manifestations in different individuals

• These manifestations are influenced by preventive and therapeutic measures
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Natural History and Spectrum of Disease

• The process of a disease begins with 

• The appropriate exposure, or 

• Sufficient accumulation of factors 

• If the host is susceptible the disease process shall  begin

• For an infectious disease, the exposure is a microorganism

• For the initiation of cancer it may be exposure to asbestos or tobacco 
smoke

• Sometimes it may be factor that promotes the process such as oestrogen for 
breast cancer
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Natural History and Spectrum of Disease

• Incubation period

• After the triggering of the disease process, pathological changes are 
initiated

• But the individual is not aware of them

• The stage of subclinical disease, from the time of exposure to the onset 
of clinical symptoms is called incubation period for infectious diseases

• Latency period

• Similar to incubation period in infectious diseases, for chronic diseases 
this period is called latency period
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Natural History and Spectrum of Disease

• The incubation period may be brief or prolonged

• Example

• For hypersensitivity or toxic reactions it may be in seconds

• For hepatitis A, it may be as long as 7 weeks

• Latency period  for leukaemia for those exposed to nuclear radiation in 
Hiroshima it was 2 to 12 years

• The disease though may not be apparent during incubation period 
but may be detectable by screen laboratory or radiological 
examination
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Natural History and Spectrum of Disease

• Most screening programme tries to identify the disease process 
before they are clinically manifested,

• i.e., during the earliest phase of the natural history of the disease

• This is because, intervention at this stage is more effective than when the 
disease has established itself

• Spectrum of disease

• Onset of symptoms means the disease has transited from 
subclinical to clinical disease

• Most diagnoses are  made during the clinical phase
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Natural History and Spectrum of Disease

• In some people, the disease process may  never progress to 
clinically apparent disease

• In others, the disease process  may  be manifested in mild to 
severe form or may be fatal

• This range is called the spectrum of disease 

• The disease process ultimate ends either with recovery, chronicity, 
or with a fatal outcome

• Infectivity

• It is the proportion of exposed persons that become infected
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Natural History and Spectrum of Disease

• Pathogenicity

• It means the proportion of infected person that show clinically apparent 
disease

• Virulence

• This means the proportion of clinically apparent cases that are severe 
or fatal

• As only clinically apparent cases are diagnosed by the clinicians, it 
represents only the tip of the iceberg 

• Persons with inapparent or undiagnosed infection can transmit disease
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Natural History and Spectrum of Disease

• Carriers

• Infectious persons who are asymptomatic may be having 
subclinical diseases

• They may spread the disease

• They are called carriers

• Frequently carriers are persons with incubating disease or 
inapparent infection
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Natural History and Spectrum of Disease

• Patients of measles, Hepatitis can spread infection before onset of 
symptoms

• Carriers may also be persons who have recovered from the disease

• E.g., Chronic carriers of Hepatitis B

• This is a challenge for public health workers to trace such persons 
for prevention of spread
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Chain of Infection

• Transmission of disease

• Transmission occurs when the agent leaves its reservoir or host through 
a portal of exit

• The agent is conveyed by some mode of transmission 

• The agent then enters a susceptible host through a portal of entry

• This sequence is called the chain of infection

• Reservoir

• This is the habitat of an infectious agent

• In this habitat the agent normally lives, grows and multiplies
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Chain of Infection

• Reservoir include

• Humans

• Animals, and

• Environment

• The reservoir may or may not be the source from which an agent is 
transmitted to a host

• Example:

• Reservoir of Clostridium botulinum is soil

• But the source of C. botulinum is improperly canned food containing spores of 
this organism
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Chain of Infection

• Human reservoir

• Many common infectious diseases have human reservoir

• Disease that are transmitted from person to person without any 
intermediaries include:
• Sexually transmitted diseases 
• Measles
• Mumps
• Streptococcal infection, and
• Many respiratory pathogens

• Human reservoir can be a case or a carrier
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Chain of Infection

• Animal reservoir
• Animal reservoirs can be a source for human illness

• Zoonosis
• Refers to an infectious disease  that is transmitted under natural 

condition from vertebrate animals to humans
• Example of zoonotic diseases are:

• Brucellosis (cows, pigs)
• Anthrax (sheep)
• Plague (rodents)
• Trichinellosis (swine)
• Tularemia (rabbit), etc.
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Chain of Infection

• Environmental reservoirs

• Plants, soil, and water in the environment are also reservoirs for 
some infectious agents

• Many fungal agents such as those that cause histoplasmosis, live 
and multiply in the soil

• Outbreaks of Ligionnairs disease are often traced to water supplies 
in cooling towers and evaporative condensers

• Portal of Exit

• This is the route through which the agent leaves its host
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Chain of Infection

• Usually the agent localises at a site which corresponds to portal of exit

• Example:

• Influenza virus, tuberculosis organism exit the respiratory tract

• Schistosomiasis through urine

• Cholera organism through faeces

• Scabies parasite through scabies skin lesion

• Some blood borne agents can exit through transplacental route, e.g., rubella, 
syphilis, toxoplasmosis

• Malaria parasite exits through skin by blood sucking arthropods (mosquito)
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Chain of Infection

• Modes of Transmission

• Transmission can take place through various means:

• Direct

• Contact

• Droplet

• Indirect

• Airborne

• Vehicleborne

• Vectorborne (mechanical or biologic)
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Chain of Infection

• Direct contact

• Occurs through skin-to-skin contact, kissing, and sexual 
intercourse

• It can also be through contact with soil or vegetation harbouring 
infectious organisms

• Example:

• Infectious mononucleosis (“kissing diseases”) and gonorrhoea are spread 
from person to person by direct contact

• Hookworm is spread by direct contact with contaminated soil
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Chain of Infection

• Droplet spread

• These type of spread occurs through coughing, sneezing or talking by 
relatively large aerosols

• They don’t have their own mobility but are expelled by missile effect of 
coughing, sneezing etc.

• They fall to the ground within a short distance

• They are classified as direct because transmission is by direct spray over 
a few feet

• Example

• Pertussis and meningococcal infection
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Chain of Infection

• Indirect transmission

• Airborne transmission

• Occurs when the infectious agent float in air by piggybacking on dust particles or 
droplet nuclei

• It includes material that has settled on surfaces and resuspended by air currents 

• Also includes infectious particles blown from the soil by the wind

• Droplet nuclei are dry residue of less than 5 micron in size

• Droplet nuclei can remain suspended in air for long periods of time and may be 
blown over great distances

• Example: measles have occurred when a child visited physician’s office where the 
virus remained suspended
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Chain of Infection

• Vehicles

• These may indirectly  transmit an infectious agent 

• Includes:

• Food, water, biologic products (blood), and fomites

• Fomites are inanimate objects such as handkerchiefs, bedding, or surgical scalpel

• They passively carry a pathogen

• Vehicle may also provide environment in which the agent grows, 
multiplies or produces toxin

• Example: canned food may contain toxin of Clostridium botulinum
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Chain of Infection

• Vector

• Mosquitoes, fleas and ticks may carry an infectious agent through a purely 
mechanical means

• The vectors also can support growth or changes in the agent

• Example:

• Flies carry dysentery bacteria on their appendages

• Fleas carry plague bacteria in their gut

• In contrast, in biologic transmission, the causative agent of malaria or gunea
worm diseases undergo maturation in an intermediate host before it can be 
transmitted to humans 
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Chain of Infection

• Portal of entry

• This refers to the manner in which a pathogen enters a susceptible host

• Portal of entry provides access to tissues in which the pathogen can multiply or a 
toxin can act

• Usually, infectious agents use the same portal to enter a new host that 
was used to exit from the reservoir host

• Example:

• Influenza virus exits the respiratory tract of the source host and enters the 
respiratory tract of the new host

• In contrast, many pathogens that cause gastroenteritis follow a so called “fecal-oral” 
route 

99



Chain of Infection

• Host

• The final link in the chain of infection is a susceptible host

• Susceptibility of a host depends on genetic or constitutional factors, specific 
immunity, and nonspecific factors

• These affects the individual’s ability to resist infection or limit its pathogenicity

• An individuals genetic makeup can either increase or decrease susceptibility

• Example

• Persons with sickle cell trait is resistant to  a particular type of malaria

• Nonspecific factors that defend against infection include 

• Skin, mucous membranes, gastric acidity, cilia in the respiratory tract, the cough reflex, 
and nonspecific immune response. 79
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End of Part 2


