Concepts in infectious
disease epidemiology

MATHEMATICAL MODELING FOR INFECTIOUS DISEASE PLANNING IN
AFRICA

(30 minutes)



Learning objectives

* Define infectious diseases and basic-related concepts

* Explain the epidemiological triad in the concept of disease
transmission

 Recall the modes of transmission of infectious diseases

* Understand targets for control measures
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1. What are infectious
diseases?

2. What is the difference
between infection and
disease?




What are infectious diseases?

* Infectious diseases are diseases caused by microorganisms- such as
bacteria, viruses, fungi, or parasites.

* Infections —not diseases —are transmitted.
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Classifications of infectious disease

* Taxonomy
* Species
* Bacteria, virus, protozoan
* Specific disease-causing lineages

* Route of transmission
* Clinical relevance/syndromic
* Site of infection
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Terminologies

* Pandemic
e Epidemic
* Endemic
e Control
 Elimination

e Eradication

Source:Science.org



https://www.science.org/content/article/africa-battles-out-of-control-polio-outbreaks

Pandemic versus Epidemic versus Endemic

* Endemic refers to the "constant presence and/or usual prevalence of
a disease or infectious agent in a population within a geographic
area'.

* An epidemic is an "increase, often sudden, in the number of cases of
a disease above what is normally expected in that population in that
area’.

* A pandemic refers to an "epidemic that has spread over several
countries or continents, usually affecting a large number of people".
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Control versus Elimination versus Eradication

* Control: "reduction of disease incidence, prevalence, morbidity or
mortality to a locally acceptable level as a result of deliberate efforts;
continued intervention measures are required to maintain the reduction”.

* Elimination: "reduction to zero of the incidence of a specified disease in a
defined geographical area as a result of deliberate efforts; continued
intervention measures are required"”.

* Eradication: "permanent reduction to zero of the worldwide incidence of
infection caused by a specific agent as a result of deliberate efforts;
intervention measures are no longer needed".
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Chain of infectious disease
transmission Epidemiology triad

Epidemiologic Triad

Host genetics

Stage of infection
Antiretroviral therapy
Reproductive tract infections
Cervical ectopy

Male circumcision
Contraception

Menstration and pregnancy

Infectious Agent

Susceptible Host Reservoir

Host

Chain of
Transmission

Portal of Entry

Agent Environment

e HIV subtype (A, B, C, D, E) e Social norms

e Phenotypic differences e Avg rate of sex-partner change
e Genotypic differences e | ocal prevalence/probability of
e Antiretrovial drug resistance exposure

e Social and economic
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1. Agent

Types of infectious agents

PROTOZOA VIRUSES
(unicellular (replicates only inside
organisms) K the living cells)

; . " 4
: 4
'3 Toxoplasma i
FUNGI
(yeasts, filamentous,
and dermatophytes)
” Candida
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PRIONS
(misfolded
proteins)

L
i

BACTERIA
(most bacteria are harmless,
some are pathogenic)

CENTER for
* COMMUNICABLE

%% DISEASE DYNAMICS



2. Host

Demographic e Age, sex, race, etc.
Biological e Blood group, genetic factor, etc.

Lifestyle e Personality, smoking, drug, alcohol, etc.

e Occupation, marital status, neighborhood,
etc.

Social and economic
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Susceptibility

 Not Infected

* Not immune
* Immunity: sterilizing, partial, cross, and waning immunity

e Can be infected when exposed
* Population at risk
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3. Environment:
Physical
environment




Other environments

* Biological
 Social



A. General Transmission Direct « Pathogen survives best inslde the body
- Contact = Eg: HIV, Herpesviruses, Ebola
Abiotic environmental factors E .
= Wind * Inhalation of spares — _ puth . t
. ) * Pathogen survives harsh envinonmen
Water * Entry into skin E Indirsct s ek B f )
A Contact B ick up pathopen from surface or air
E on = Eg Influenza, morowirus
e
=
— % * Pathogens are in droplets, but do not
_— - E Droplets survive long this way
= = Eg: Ebola, dovdetelio pertussis
I
-
S L
= * Pathogens aerosalized and stay
% Airborne sl infective
E « Eg: Influenza, Tuberculosis
-~ =
I
Animal vectors :
(i F * Through eantaminated water or food
* Mosquitoes (malaria, dengue) ecal - Oral s Eg: Cholera, Norovirus, Shigella
¢ Fleas (bubonic plague) -
. B Source: https://sitn.hms.harvard.edu/flash/special-edition-
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Can you think of any control measures that
target these?

* Agent

* Host

* Environment
* Transmission



Breaking the chain:

6. SUSCEPTIBLE 1. THE AGENT- 2019nCoV 2. THE

IQEW HOST y PREVENTIVE MEASURES- : RESERVQ'R
The immunity Ieverl]ls the A Proper hand washing STQ‘;,‘Q“;QV;&'S _rﬁ(s:%l\r/az:oarx
%rgiggzgtatgdsgpi)lér:nvgggA B. Don't touch the face with ¢ contaminated Iiveyin the air and on surfaces
people with chronic system- hands between several hours and
matic disease are more prone c. Disinfect the surface area where several days.Studies found that
to get the higher risk we are frequently the virus is viable for up to 72

touching hours on plastic, 48 hours on
stainless steel, 24 hours on cardboard,
and 4 hour on copper. it is also

detectable in the air for three hours.

PREVENTIVE MEASURES-
A. Treat Everyone as they
have virus
B. Take precaution to
prevent the
transmission.

PREVENTIVE MEASURES-

A. Boost the immune system
(i.e. drink lots of water, sleep well,
eat balanced and healthy food P
and stay positive)

B. Health profesional and everyone
else who works with the
sickpatient they need
to use PPE.

PREVENTIVE MEASURES-

A. Assume all person are
infected and maintain safe
6 feet distance

CHAIN OF
INFECTION

5. PORTAL OF
ENTRY-

Respiratory system of
human (nose and mouth)

3. PORTAL OF
EXIT

The virus leaves the body
by coughin? and sneezing
in contaminated droplets and
touching the surfaces by host
can contaminate the surface.

B. Dont't touch your face if your PREVENTIVE MEASURES-
hands are not clean A. Use coughing and
4. MODE OF sneezing etiquettes
TRANSMISSION- B. Proper discard of tissue

Virus enters to new host by direct or paper used for sneezing.

indirect contact
PREVENTIVE MEASURES-
A. Don‘t shake hands or hug
B. Stay home
c. Clean your hands after touching the public

surface area
D. Don't touch face with unwashed hands

E. Disinfect the surface (tables, TV remote, kitchen counter
and door handles etc.)
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Figure from Chain of Infection for COVID-19 by Ravi Rau Dangi



References

* CDC Principles of epidemiology

* The Principles of disease elimination and eradication
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https://www.cdc.gov/csels/dsepd/ss1978/index.html
https://www.cdc.gov/mmwr/preview/mmwrhtml/su48a7.htm
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