
Epidemiology of

Infectious Diseases

Corona-virus 2019 (COVID-19)

1

دانشیار اپیدمیولوژی-دکتر علی احمدی
گروه اپیدمیولوژی و آمار زیستی دانشکده بهداشت

و
19دکمیته دانشگاهی اپیدمیولوژی کووی /مرکز تحقیقات مدل سازی در سلامت
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Epidemiology

Infectious disease epidemiology 
 Infectious Disease/ Case definition for coronavirus disease 2019 (COVID-19)

 Severity of infections

Modes of Disease Transmission

Exposure to Infectious Agents

Serial interval
 Epidemiologic Triad

 Factors Influencing Disease Transmission

 Reproductive Rate

What determines R0 ? 

 Herd immunity, Sporadic, Endemic and Pandemic

 Epidemic Curve, Epidemic Control

 Epidemiology Status of COVID-19 in the World, WHO region and Iran

 Projection of COVID-19 in the World, WHO region and Iran

OUTLINE



Epidemiology
Epi Demio (Demos)   Logy 

The Study of the distribution and 

determinants of health related 

states and events in populations, and 

the application of  this study to 

control health problems.
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INFECTIOUS DISEASE PIDEMIOLOGY

Major Differences
• Ecological Models

• A case can also be an exposure

• Subclinical infections influence 
epidemiology

• Contact patterns play major role

• Immunity and herd immunity

• There is sometimes a need for urgency

• Pandemic & Epidemic, Endemic, 
Sporadic,

• The Horror and fear in community

• Political and social pressure
4



 Epidemiology

 Deals with one population

 Risk  case

 Identifies causes
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Infectious disease epidemiology

 Two or more populations

 A case is a risk factor

 The cause often known

What is infectious disease epidemiology?

.  استمقایسهو مشاهدهاپیدمیولوژی علم 
غیرواگیربیماری های واگیر و 



Two or more populations

Humans

 Infectious agents

 Helminths, bacteria, fungi, protozoa, viruses, prions

 Vectors 

 Mosquito (protozoa-malaria), snails (helminths-
schistosomiasis)

 Animals

 Dogs and sheep/goats – Echinococcus

 Mice and ticks – Borrelia
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What is infectious disease epidemiology?



A case is a risk factor …

 Infection in one person can be transmitted to others
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What is infectious disease epidemiology?
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Coronaviruses are important human and 

animal pathogens. At the end of 2019, a novel 

coronavirus was identified as the cause of a 

cluster of pneumonia cases in Wuhan, a city 

in the Hubei Province of China. It rapidly 

spread, resulting in an epidemic throughout 

China, followed by an increasing number of 

cases in other countries throughout the world. 

In February 2020, the World Health 

Organization designated the disease COVID-

19, which stands for coronavirus disease 

2019. 



9

 Clinical criteria
Any person with at least one of the following symptoms: cough, fever, shortness of 

breath, sudden onset of anosmia, ageusia or dysgeusia

Diagnostic imaging criteria
Radiological evidence showing lesions compatible with COVID-19

Laboratory criteria
Detection of SARS-CoV-2 nucleic acid in a clinical specimen: PCR+

Case definition for coronavirus disease 2019 (COVID-19)

 Epidemiological criteria

At least one of the following two epidemiological links:

close contact with a confirmed COVID-19 case in the 14 days prior to onset 

of symptoms

having been a resident or a staff member, in the 14 days prior to onset of 

symptoms, in a residential institution for vulnerable people where ongoing 

COVID-19 transmission has been confirmed

Case classification
1.Possible case: Any person meeting the clinical criteria

2.Probable case:
Any person meeting the clinical criteria with an epidemiological link

OR

Any person meeting the diagnostic criteria 

3.Confirmed case:  Any person meeting the laboratory criteria



The cause often known

 An infectious agent is a necessary cause

What is infectious disease epidemiology then used for? 

 Identification of causes of new, emerging infections, e.g. HIV, vCJD (Variant

Creutzfeldt–Jakob disease), SARS, MERS, Coronaviruses (CoV) are a large

family of viruses that cause illness ranging from the common cold to more

severe diseases such as Middle East Respiratory Syndrome (MERS-

CoV) and Severe Acute Respiratory Syndrome (SARS-CoV). A novel

coronavirus (nCoV) is a new strain that has not been previously identified in

humans. COVID-19

 Surveillence of infectious disease

 Identification of source of outbreaks 

 Studies of routes of transmission and natural history of infections

 Identification of new interventions
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What is infectious disease epidemiology?

https://www.who.int/emergencies/mers-cov/en/
https://www.who.int/csr/sars/en/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019


Definitions

 Infectious diseases

 Caused by an infectious agent

 Communicable diseases

 Transmission – directly or indirectly – from an infected person

 Transmissible diseases

 Transmission – through unnatural routes – from an infected person

Note

 Infections are often subclinical – infections vs infectious diseases!

 Antonyms not well-defined 

 Non-communicable diseases – virus involved in pathogenesis of diabetes?

 Chronic diseases – HIV? 
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Tetanus Measles COVID-19

Infectious Disease



Severity of infections

Tuberculosis

Measles

Rabies

inapparent mild moderate severe fatal

Covid-19
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Severe or critical illness :2.5% to 5%



Exposure without 

infection

infection without 

clinical illness

Moderate severity 

Mild illness

Clinical and 

Severe disease

Fatal

Clinical 

Disease

SubClinical 

Disease

Iceberg Concept of Infection
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Direct

 Skin-skin

 Herpes type 1

 Mucous-mucous
 STI

 Across placenta
 toxoplasmosis

 Through breast milk
 HIV

 Sneeze-cough
 Influenza

COVID-19

Indirect:

A. Vheicle Transmission
 Food-borne

 Salmonella

 Water-borne
 Hepatitis A

 Air-borne

 Chickenpox , Ting-borne
 Scarlatina

 COVID-19

B. Vector Transmission
 Mecanical (on insect bodies)

 Thrachoma

 Biological
 Malaria

Modes of Disease Transmission
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Respiratory droplets remain on surfaces and 

people may be infected with the virus by 

touching contaminated surfaces and then 

touching their eyes, nose, or mouth. 
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Transmission — Understanding of the transmission risk is incomplete. 

Epidemiologic investigation in Wuhan at the beginning of the outbreak identified an 

initial association with a seafood market that sold live animals, where most patients 

had worked or visited and which was subsequently closed for disinfection. However, 

as the outbreak progressed, person-to-person spread became the main mode of 

transmission.

Person-to-person

SARS-CoV-2 can also be transmitted through the airborne route (through 

inhalation of particles smaller than droplets that remain in the air over time 

and distance), but the extent to which this mode of transmission has 

contributed to the pandemic is controversial.

SARS-CoV-2 has been detected in non-respiratory specimens, including stool, 

blood, ocular secretions, and semen, but the role of these sites in transmission 

is uncertain.

WHO-China report, transmission through the fecal-oral route did not appear to 

be a significant factor in the spread of infection .

There is also no evidence that SARS-CoV-2 can be transmitted through 

contact with non-mucous membrane sites (eg, abraded skin).

Transmission can occur despite the absence of symptoms.

Risk of transmission depends on exposure type —type and duration of 

exposure: household contacts, health care settings(OR=3.4), social or work 

gatherings, Traveling, Environmental contamination (surfaces for up to six to 

nine days without disinfection), 



Outcome

Exposure to Infectious Agents

Exposure

No infection Clinical Sub-clinical Carrier

Death Carrier Immunity No immunity
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Susceptible

Susceptible

Dynamics of

infectiousness

Dynamics of

disease

Incubation 

period

Symptomatic

period

Non-diseased

Latent

Period*
Infectious 

period

Non-infectious 

Time

Time

Timeline for Infection

تزاییفاصله زمانی بین عفونت و شروع دوره عفون* 
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Serial interval

Latent Period

Incubation Period

Infectious period

Clinical Disease

In
fe

c
tio

n

First case

Second case

Time

Latent Period

Incubation Period

Infectious period

Clinical Disease
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median serial interval at 4.0 days

(95% credible interval [CrI]: 3.1, 4.9).
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The estimated median incubation period was 7.76 days [95% confidence 

interval (CI): 7.02 to 8.53], and the 90th percentile was 14.28 days (95% CI: 

13.64 to 14.90). By including the possibility that a small portion of patients may 

contract the disease on their way out of Wuhan, the estimated probability 

that the incubation period is longer than 14 days was between 5 and 10%.

The incubation period of COVID-19, which is the time between exposure to the 

virus and symptom onset, is on average 5-6 days, but can be as long as 14 days. 

Thus, quarantine should be in place for 14 days from the last exposure to a 

confirmed case.



Cases
 Index – the first case identified

 Primary – the case that brings the infection into a population

 Secondary – infected by a primary case

 Tertiary – infected by a secondary case

P

S

S

T

Susceptible

Immune

Sub-clinical

Clinical

S
T

Person-to-Person Transmission
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Data from Dr. Simpson’s studies in England (1952)

Measles Chickenpox Rubella

Children exposed

Children ill

attack rate

251

201

0.80

238

172

0.72

218

82

0.38

Attack rate = ill

exposed

Person-to-Person Transmission

Note:

- The attack rate is useful for comparing the risk of disease in groups 

with different exposures. 21



Disease is the result of 
forces within a dynamic 
system consisting of:

agent of infection 

host

environment

Epidemiologic Triad

22



Agent

Host

Environment

• Age

• Sex

• Genotype

• Behaviour- smoking, exercise

• Nutritional status

• Health status- stress, sleep, 
stomach acidity, NCDs

• Infectivity

• Pathogenicity

• Virulence

• Immunogenicity

• Antigenic stability

• Survival 

• Weather

• Housing

• Geography

• Occupational setting

• Air quality

• Food

Factors Influencing Disease Transmission

ability to infect

ability to cause disease

ability to cause death

ability to induce immunity
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Bacteria

Viruses

Fungi

Protoctists / Protozoa

Helminths

Infectious Agents
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Vectors

A host that carries a pathogen without injury 
to itself and spreads the pathogen to 

susceptible organisms

(asymptomatic carriers of pathogens)

25

Carrier



A host that carries a pathogen without 
injury to itself and serves as a source 
of infection for other host organisms

(asymptomatic infective carriers)

Reservoirs
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Humans

{hepatitis, COVID-19}

Other Vertebrates

{zoonosis}

Birds & Bats

{histoplasmosis}

Covid-19

NOT vectors

Reservoirs
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19میزان کشندگی در کووید 
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:داشتوجهتنکتهچندبهبایداپیدمییکدربیماریکشندگیمیزانمحاسبهدر

راینبناب.باشدبالااپیدمیابتدایدرمیزاناینگزارشومحاسبهاستممکن-1
مواردکسرصورت.کردحسابکسرمخرجبعنوانرابیمارانتمامونمودصبربایستی
.استکسرمخرجمبتلایانبیندرفوت

(کسر؟مخرج)بیماری/عفونت-2

/ویژهمراقبتبخش/بیمارستان/جامعهدرکشندگینسبت-3

مخرجدرآنهاازاستفادهو19کویدقطعیمواردروزانهگزارشدلیلبهایران،در-4
بالا.نمودتدقبایدانتفسیردرکهبالاستظاهربهکشندگیدرصدشاخص،اینکسر
گربیانمتعددروزهایدرشاخصاینبودنمتفاوت.استکاذبشاخصاینبودن

انتهاتااابتدازرابیمارانتمامبایدآنمحاسبهدربنابراین.استآنبودنغیرواقعی
.داشتنظردرراهمهپیامدونمودپیگیری



A measure of the potential for transmission: The basic reproductive 

number, R0, the mean number of individuals directly infected by an 

infectious case through the total infectious period, when introduced to a 

susceptible population.
، بطور متوسط تعداد افرادی است که وقتی مورد عفونی به یک جمعیت کاملا حساس وارد میشود

.مستقیم بوسیله مورد عفونی در خلال دوره واگیری آن، آلوده میشود

Reproductive Rate
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SUSCEPTIBLE POPULATION
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فرددرعفونتازپسکهباشدبصورتیبیماریاگر
در(حساس)مظنونافرادتعدادکند،پایدارایمنیایجاد

هایتماسویافتخواهدکاهشزمانطیدرجمعیت
کهبودخواهدکسانیبابیشترویافتهافزایشعفونیفرد
باولدمواقعیمقداربنابراین.اندکردهپیداایمنیقبلا

دمولمیزانرویامامیشودکمعفونتگسترشوجود
.گذاردنمیتاثیریپایه



Basic Reproductive Rate, R0

R0= 
1+2+0+3+0+1+2+1+1+2+2=1.5

10

31



• If R0 < 1 then infection cannot invade a population 

– implications: infection control mechanisms 
unnecessary (therefore not cost-effective)

• If R0 > 1 then (on average) the pathogen will 
invade that population

– implications: control measure necessary to 
prevent (delay) an epidemic

Rزمانی که همه گیری در راه است، میزان مولد حاضر بطور معمول با –
.برسد1به کمتر از Rباید اقداماتی شود تا مقدار . نمایش داده میشود

Basic Reproductive Rate, R0
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R0 = p • c • d

contacts per unit time

probability of transmission per contact

duration of infectiousness

Use in COVID-19 Control :

p masking, 

c health education, negotiating skills

D case ascertainment (screening,partner notification), 

treatment, compliance, health seeking, behaviour, 

accessibility of services

What determines R0 ?

33
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Nonpharmaceutical interventions (NPIs): 

isolating patients, handwashing,

staying at home, cancellation of mass 

gatherings, working at home,

social distance, avoiding suspicious 

individuals, quarantine of exposed persons, 

travel restrictions,

school and workplace closures.



THE REPRODUCTIVE NUMBER R0 OF BASED ON ESTIMATE 
OF A STATISTICAL TIME DELAY DYNAMICAL SYSTEM

35

the growth rate r of COVID-19 is almost in [0:30; 0:32] which is larger 

than the growth rate 0:1 estimated by CCDC [9], and the 

reproductive number R0 of COVID-19 is estimated by

which is bigger than that of SARS.

:منبع
https://www.medrxiv.org/content/10.1101/2020.02.17.20023747v2

What is R0 for COVID-19?

.تخمین زده شد4تا 3، بطور متوسط 19در کووید 

https://www.medrxiv.org/content/10.1101/2020.02.17.20023747v2
https://www.medrxiv.org/content/10.1101/2020.02.17.20023747v2
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Herd immunity
The resistance of a group to an attack by a disease to which a 

large proportion of the members of the group are immune.
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1- 1/R0 is also defined as fraction of the 

population to be vaccinated for getting herd 

immunity.
If R0 is 2.5 then 1/R0 is 0.4, i.e., for control of the 

disease less than 0.4 fraction of the population be 

susceptible or more than 60% be non-susceptible or 

immune. Vaccination policy: if proportion of susceptible 

individuals is reduced to below 1/Ro the disease can be 

control. if R0 = 5 then vaccine coverage will have to be in excess of 80%.

Herd immunity

HERD IMMUNITY The term herd immunity was first used in 1923. 

It was an integral part During the Small Pox eradication in the 

1960s and 1970s
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People are shown as circles. Infectious agents (germs) spread between the people in orange,

although they do not get severe disease. When the infection reaches people who are highly

susceptible (red) they get the disease and can be very sick or die.

In the lower panel, the people in green have been vaccinated. This now protects those in yellow as

well, who had previously got the infection and possibly the disease. Although the figure only shows a

few people being vaccinated, in reality many people have to be vaccinated for herd immunity to work.

40



•Represent cases over time by a histogram

•Horizontal axis: time

–Date of exposure

–Date of symptom onset

–Date of diagnosis

•Vertical axis: number of cases

•Clues to nature of outbreak

EPIDEMIC CURVE

41

Time

Exposure

Number



EPIDEMIC CURVE
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Point source



Endemic EpidemicN
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Endemic vs Epidemic, Wave/Peak
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No cases: Countries/area/territories with no cases

Sporadic cases: Countries/area/territories with 1 or more 

cases, imported or locally detected

Clusters of cases: Countries/area/territories experiencing 

cases clustered in time, geographic location and/or common 

exposure

Community transmission: Countries/area/territories 

experiencing larger outbreaks of local transmission defined 
through an assessment of factors including, but not limited to:

•Large numbers of cases not linked to transmission chains

•High proportion of SARS-CoV-2 positive cases from sentinel 

lab surveillance

•Multiple unrelated clusters in several areas of the 

country/territory/area

Transmission status at national or sub-national level
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فازهای پاندمی
گاه شروع میشود و هیچمیزبان حیوانی ویروس در : فاز اول-1

.در انسان عفونت شناخته شده ای ایجاد نمی کند
.ودباعث عفونت در انسان میشزئونوز بیماری: فاز دوم-2
/  انخوشه بیماری عفونی در انس/ موارد پراکنده: فاز سوم-3

برای از نظر زمان و مکان محدود است وانتقال انسان به انسان 
.طغیان در سطح جامعه کافی نیست

پایداری /انسان به انسان/ انتقال حیوان به انسان : فاز چهارم-4
انسان به انسان

انسانیعفونت گسترده : فاز پنجم-5
ور از و عبکشوری دیگر طغیان در سطح جامعه : فاز ششم-6

WHOاز منطقه دیگری مرزقاره و 



دولت ها برای مقابله با اپیدمی هااستراتژی 
اپیدمیافی          کمراقبت، فقدان نظام (اکتیو و پاسیو)مراقبت / پیشگیری از اپیدمی-1
(نترلک/مهار/ مدیریت)اپیدمیکاهش سرایت پذیری و کنترل : در صورت رخداد اپیدمی-2

...وبسیج اجتماعی/ مداخله سازمان یافته/ افزایش نظارت/ کنترل ورود و خروج: مهار
تغییر در دینامیک بیماری: کنترل

:چالش های کنترل اپیدمی در دنیا
تاخیر در اقدام موثر و به موقع-1
...(ارش و گز/ دیده وری/ آمادگی/ تشخیص)نظام مراقبت ناکافی/ ناکافیشدت عمل -2
سیاسی/صادیمسایل اقت/ مواجهه با سیاستهای دوگانه/ غلبه تفکر درمان بر پیشگیری-3
عدم استفاده کافی از فناوری اطلاعات و دیجیتال اپیدمیولوژی-4
ط با اپیدمیبتناقض در پیام های رسانه ها و پیام رسانی توسط افراد بدون تخصص مرت-5
انتظار داشتن/ مردمکم توجهی یا غفلت از / عدم استفاده از همه ظرفیت موجود-6
ژیستهاولوتصمیم گیری بدون شواهد کافی و یا کم توجهی به نظر مشورتی اپیدمی-7
اقبتتشخیص زودرس و مر/ قرنطینه/ جداسازی/ تست/ عدم کافی پوشش ردیابی-8
...برخورد احساسی و گاها نابجا و -9

تجربهبادخالت افراد غیر مرتبط و برخی تصمیم گیریها  بدون اپیدمیولوژیست-10 47



STRATEGIC OBJECTIVES: COVID-19

WHO’s strategic objectives for this response are to:

1- Limit human-to-human transmission including reducing secondary 

infections among close contacts and health care workers, preventing 

transmission amplification events, and preventing further international spread 

from China*;

2- Identify, isolate and care for patients early, including providing optimized 

care for infected patients;

3- Identify and reduce transmission from the animal source;

4- Address crucial unknowns regarding clinical severity, extent of  

transmission and infection, treatment options, and accelerate the 

development of  diagnostics, therapeutics and vaccines;

5- Communicate critical risk and event information to all communities and 

counter misinformation;

6- Minimize social and economic impact through multisectoral partnerships.

*This can be achieved through a combination of public health measures, such as rapid identification, diagnosis 

and management of the cases, identification and follow up of the contacts, infection prevention and control in 

health care settings, implementation of health measures for travelers, awareness-raising in the population and 

risk communication.

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200222-sitrep-33-covid-

19.pdf?sfvrsn=c9585c8f_2 48

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200222-sitrep-33-covid-19.pdf?sfvrsn=c9585c8f_2
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https://www.cidrap.umn.edu/covid-19/epidemiology

https://www.cidrap.umn.edu/covid-19/epidemiology
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https://covid19.who.int/?gclid=CjwKCAjw2Jb7BRBHEiwAXTR4jYiLXFDtzXai

MfN4CHNxmzwswRQYVKUm7i6eHfYSMMdOQUNxAZft4BoCyqoQAvD_BwE

https://www.who.int/

https://www.worldometers.info/coronavirus/?utm_campaign=homeAdvegas1?

https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases

https://covid19.healthdata.org/global?view=total-deaths&tab=trend

Epidemiolgy Status of COVID-19  in the World and Iran

Projection of COVID-19 in the World, WHO region and 

Iran

https://covid19.who.int/?gclid=CjwKCAjw2Jb7BRBHEiwAXTR4jYiLXFDtzXaiMfN4CHNxmzwswRQYVKUm7i6eHfYSMMdOQUNxAZft4BoCyqoQAvD_BwE
https://www.worldometers.info/coronavirus/?utm_campaign=homeAdvegas1?
https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
https://covid19.healthdata.org/global?view=total-deaths&tab=trend
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ایتالیا المان ژاپن امریکا تایلند ترکیه ایران شاخص
4955 3277 622 4021 50 3883 5051 بروز در 

یک 
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، تست به جمعیت 17، شمارش تست24، بروز مرگ64رتبه ایران در بروز موارد

13تعداد ،10، تعداد مرگ 20، موارد فعال4، درصد موارد شدید113
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