Chapter 3

Dynamics of Disease
Transmission



Human disease does not arise In a vacuum. It results from an

Interaction of the host (a person), the agent (e.g., a bacterium),
and the environment (e.g., polluted air). Although some diseases
are largely genetic in origin, virtually all disease results from an
Interaction of genetic, behavioral, and environmental factors, with

the proportions differing for different diseases



» Disease has been classically described as the result of the epidemiologic
triad shown in Figure 2.1. According to this diagram, it is the product of an
Interaction of the human host, an infectious or other type of agent, and the

environment that promotes the exposure

A vector, such as the mosquito or the deer tick, may be involved. For such

an interaction to take place,the host must be susceptible.,



» Human susceptibility is determined by a variety of factors including
genetic background and behavioral, nutritional, and immunologic

characteristics.



HOST |

VECTOR

AGENT ENVIRONMENT

Fig. 2.1 The epidemiologic triad of a disease.



Epidemiologic disease triad: HAE

Human:
Age, Sex, Marital status
Occupation
Race, religion
Immune status
1. Biologoic: Genetic makeup
bacteria, virus. Host

2. Chemical:

smoke, alcohol,

poison.

3. Physical: fire,

radiation, trauma

4. Nutritional: &%ﬁfﬁ{o

lack, excess. / S \

Crowdedness,
Temp.
Humidity
climate,
Altitude
Season,
geography
Radiation
Pollution
Noise
Housing

Agent _— Environment

Disease is an interactions of the four components of the triad




TABLE 2.1

Factors That May Be

Associated With Increased Risk of Human
Discase

Host Types of Agenis Environmental

Characlteristics and Examples Factors

Age Biologic Temperaiure

e Baciteria, Hurmiidithy

RHace vinuseaes Adtitude

Religion Chemical Croweding

Customs Heawy meaetals, Housing

Ococupation alcohol, MNeighborhood

Genastic profile SImo ke WWater

Martal status Fhysical P

Family Trauma, Food
background radiation, RHadiation

Frevious fire Adr poliution
dissases Mutritional MMoise

Immunee status

Lack, exocess




Modes of Transmission

 Diseases can be transmitted directly or indirectly.

 For example, a disease can be transmitted from person to person
(direct transmission) by means of direct contact (as in the case of

sexually transmitted infections).

»Indirect transmission can occur through a common vehicle such as a

contaminated air or water supply or by a vector such as the mosquito



BOX 2.1 MODES OF DISEASE TRANSMISSION

1. Direct
a. Person-to-person contact

2. Indirect
a. Common vehicle
1) Single exposure
2) Multiple exposures
3) Continuous exposure
b. Vector



Modes of Transmission

4 Joirect

| 1. Person-to-person contact such as TB,
Swine flu, STDs

Bm No human-to-human contact

a. Common vehicle (single, multiple and continous exposure):
contamiated air > 2 meters (TB), contaminated water
supply (Cholera) or food (salmonellosis)
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b. Vector: Anopheles for malaria, Sandfly for Leishmania, .~ f—
Aedes Egyptae for West Nile fever

r



Mode of transmission

Mode of
transmission

[

TB, tuberculosis;

HIV, human immunodeficiency;
CMV, cytomegalovirus;

HBV, hepatitis B virus;

TP, tranplacental;

BF, breastfeeding

Indirect

J l B

1. Air-borne: TB, Flu, 1. Blood: HIV, HBV

Aspergellosis. 2. Oral-fecal
2. Physical: scabies, (food/water-borne:
leprosy...touch Cholera, Amebiasis,

Typhoid

3. Sexual: HIV, syphilis 3. Transcutaneous: bite

Vertical

2

1. Maternal-fetal
(TP/BF): HIV, HBV,
Rubella, Syphilis.

2. Congenital (from
birth): CMV,

leprosy.




Viodes of Transmission

Human body sites of infection
HAV

MOUT™

\ o CONJUNCTIVA

T RESPIRATORY TRACT

Scrateh inpury Staph and Strep,
Tinea

arnropod Malaria,

ALIMENTARY TRRACT -
Leishmania

B, tuberculosis:;
HAV, hepatitis A virus,;

TrlChomonaS, URINOGENITAL THRACT / Capiltary Staph, Staphylococcus,
Strep, Strepltococcus,

HIV, HBV
Tinea; fungal infections

HIV, human immunodeaeficiency virus
HBV, heopatitis B virus

Same agent can be acquired through more than one route

Non-infectious (toxins) can also enter through these routes




Clinical and Subclinical Disease

Cell Response Host Response
Lysis of Cell Death of Organism

Inclusion body formation
or
Cell transformation
or
Cell dysfunction

Viral multiplication

Classical and severe
disease

Moderate severity
mild illness

Discernible effect
o5008|p B2IVI|D

g without visible change Infection without |
£ or clinical iliness 3
S Incomplete viral (asymptomatic 5
‘g maturation infection) 8
- o
: Exposure without Exposure without 3
§ attachment infection -
and/or
Cell entry

Fig. 2.4 The “iceberg” concept of infectious diseases at the level of
the cell and of the host. (Modified from Evans AS, Kaslow RA, eds. Viral
Infections of Humans: Epidemiology and Control. 4th ed. New York: Plenum;



* As clinical and biologic knowledge has increased over the
years, so has our ability to distinguish different stages of
disease. These include clinical and nonclinical disease.

CLINICAL DISEASE
* Clinical disease Is characterized by signs and symptoms



NONCLINICAL (INAPPARENT) DISEASE
Nonclinical disease may include the following:

1. Preclinical disease: Disease that is not yet clinically

apparent but is destined to progress to clinical disease.

2. Subclinical disease: Disease that is not clinically apparent

and is not destined to become clinically apparent. This type

of disease Is often diagnosed by serologic (antibody) response

or culture of the organism.



3.Persistent (chronic) disease: infection persists for years, at
times for life. In recent years, an interesting phenomenon has
been the manifestation of symptoms many years after an
iInfection was thought to have been resolved. Some adults who
recovered from poliomyelitis in childhood report severe chronic
fatigue and weakness; this has been called postpolio syndrome

In adult life.



 These have thus become cases of clinical disease, albeit somewhat different

from the initial illness.

4. Latent disease : An infection with no active multiplication of the agent, as
when viral nucleic acid is incorporated into the nucleus of a cell as a provirus.
In contrast to persistent infection, only the genetic message is present in the

host, not the viable organism.



Stages of Disease

1. Clinical Disease: with signs and symptoms
2. Nonclinical (inapparant) Disease: include the following:

Nonclinical (inapparant) Disease
3

_* ™\ 2. Subclinical: not clinically apparant and not destined to
. _ be so. Only positive by serology /culture

se 5 3. Chronic: a person fails to ,shake off’ or ,get rid of’ the disease and
R~ g j persists for years or for life time. Can manefiest symptoms years after
3= ,/ _recovery like post-polio syndrome

4. Latent: Infection with no active multiplication i. e viral
DNA remains in DNA of host cell




Carrier Status

* A carrier 1S an individual who harbors the organism but is not

Infected as measured by serologic studies (no evidence of an

antibody response) or shows no evidence of clinical iliness. This
person can still infect others, although the infectivity is generally
lower than with other infections. Carrier status may be of limited

duration or may be chronic, lasting for months or years.



Endemic, epidemic and Pandemic

'Habitual/usual presence of a disease in a certain
[geographic area or population group...hyperendemic
S— - persistance

Epidemic

The occurance in a community or population group of a
number of cases of a disease excess of usual or
exepcted numbers

Global epidemic
CO!ID_—IQ

No.olcasesoudrsemi

*Endemic* *Epidemic”

Time >



Endemic, epidemic and Pandemic

,Usuality’ of cases is determined by surveillance.

It can be a disease, a behavior (smoking) or an event (car

| acciden_ts)

o~

No. of cases of a dsease

# /‘— N A N /’/
3 \‘ A ~ ——

*‘Endemic” *Epidemic”

Tirmn -




Disease Qutbreaks

 Let us assume that a food becomes contaminated with a microorganism. If an
outbreak occurs in the group of people who have eaten the food, it is called a

common_vehicle exposure, because all the cases that occurred were In

persons exposed to the suspected contaminated food. The food may be
served only once—for example, at a catered luncheon—resulting in a single

exposure to the people who eat it, or the food may be served more

than once, resulting in multiple exposures to people who eat it more than once.



Disease Outbreaks

When a water supply is contaminated with sewage because of leaky pipes,
the contamination can be either periodic, causing multiple exposures as a
result of changing pressures in the water supply system, which may cause
Intermittent contamination, or continuous, in which case a constant leak leads

to persistent contamination. The epidemiologic picture

that is manifested depends on whether the exposure is single, multiple, or

continuous



* What are the characteristics of single-exposure, common-vehicle

outbreak?

* First, such outbreaks are generally explosive— that is, there is a sudden
and rapid increase in the number of cases of the disease or condition in a

population.



* (Interestingly, single-exposure common-vehicle epidemics of non
communicable diseases, such as the epidemic of leukemia following the

explosion of an atomic bomb in Hiroshima and Nagasaki, also seem to

follow the same pattern.)



« Second, the cases are limited to people who share the common
exposure. This Is self-evident, because In the first wave of cases we
would not expect the disease to develop In people who were not

exposed unless there was another independent source of the

disease In the community.



* Third, In a food-borne outbreak, cases rarely occur In persons

who did not eat the food—that Is, those who acquire the

disease from a primary case who ate the food .



osure.

Disease Outbreaks: foodborne

Common-Vehicle Ex

When the group have eaten common food.
served more

tham once

VwWhen
food is
served
onNnce.

Exposure over a
period of time
Constant sewage

leak

Exposure at
several

points in
time-leaky

sewage pipe




Disease Outbreaks: foodborne

Characterized:

~-Q¥s~ 1. Explosive:
%oﬁ 2. sudden rapid increase of cases

~Q¥¢~ | 2. Limited:
&«i people who are exposed onl_y. 7

- Qg ‘ 3. Rarely occure in persons who acquire disease from
oé'ra’oé primary case: not understood

- :

()




Determinants of outbreak

Amount of disease in population depends on balance between
susceptible (at risk) and immune (previous infection or vaccine)

—

Outbreak™ —— -



Herd Immunity

« Herd immunity is defined as the resistance of a group of people to an attack by a

disease to which a large proportion of the members of the group are immune.

« If a large percentage of the population is immune, the entire population is likely to

be protected, not just those who are immune. Why does herd immunity occur ?

* It happens because disease spreads from one person to another In any
community. Once a certain proportion of people in the community are immune, the
likelihood is small that an infected a person will encounter a susceptible person

to whom he can transmit the infection; more of his encounters will be with people

who are immune.



Herd Immunity

* The presence of a large proportion of immune persons in the
population lessens the likelihood that a person with the disease will

come into contact with a susceptible individual.

* Why is the concept of herd immunity so important? When we carry
out immunization programs, it may not be necessary to achieve 100%

immunization rates to immunize the population successfully



Herd Immunity

 We can achieve highly effective protection by immunizing a large part of
the population; the remaining part will be protected because of herd

Immunity.

* For herd immunity to exist, certain conditions must be met. The disease
agent must be restricted to a single host species within which transmission
occurs, and that transmission must be relatively direct from one member of
the host species to another. If we have a reservoir in which the organism
can exist outside the human host, herd immunity will not operate because

other means of transmission may be available
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Herd Immunity

: resistance of a group to disease to which large proportion
of that group is immune

Due to spread of disease from one person to another until
number of immune subject becomes large.

Likelihood of infected person to find a susceptible person is
small.

No need to achieve 100% immunization rate as remaining
part will be protected by herd immunity.




Conditions for Herd Immunity-Prerequis

Single host species (i. e
human)

Transmisson is direct from
one host to another

Infection cause solid life-long
Immunity.

Population is mixing
constantly-random mixing

it c

S



Herd immunity & Vaccination

Herd immunity for high communicable diseases should be high to
interrupt the chain of transmission i. € 94% in measles

m ; 14 Lrape< tod number of Canens
12 f e vaccine's effect
8 is mited 10 those vaccinated
Polio vaccines: - ':
1. OPV: Live attenuated-Salk e
2. IPV: Killed-Sabin 4
> Number of cases
&) 5 actually observed
OPV vaccinated person spreads e Il 1081
vaccine virus in community- herd A
‘mmun‘ty PV, Inactivated poho vaccine,

OPYV, Oral poliovirus vaccines

IPV does not spread virus in community-
Instead herd immunity can be attained by high vaccination
coverage only



 The oral polio vaccine (OPV) protects not only those who are vaccinated but
also others in the community through secondary immunity, produced when the
vaccinated individual spreads the active vaccine virus to contacts. In effect, the
contacts are immunized by the spread of virus from the vaccinated person. If
enough people in the community are protected in this way, the chain of
transmission is interrupted. However, even inactivated poliovirus vaccine (IPV),
which does not produce secondary immunity (does not spread the virus to
susceptibles), can produce herd immunity if enough of the population is
iImmunized. Even those who are not immunized will be protected because the

chain of transmission in the community has been interrupted



Herd immunity: Threshold

Herd immunity for high communicable diseases should be high to

intetrupt__.t‘h_e chainﬁ_gf trapfmission i. e 94% in tn_easles

T)iéease

Mumps
'Polio
Smallpox
'Diphtheria
'Rubella

- ——

Pertussns
. ‘Measles

b ——9 —1

¢ — 4

_Threshold (%)

>

75—86 |
80—86 |
8085 |

85
 83-85 |
9294 |
83-94 |



Incubation Period

,*?,_ : time from entry of infectious agent to time of onset of
> clinical illnes (symptoms)

-

Eﬁ?l During incubation period :

person is well with noOrganisim is replicating to reach
critical mass to cause symptoms
» disease signs

How long should a person with disease like COVID 19 be isolated?

When a person is no longer infectious
Passed incubation period




 During this time, the incubation period, you feel completely

well and show no signs of the disease.

* Why does disease not develop immediately at the time of
Infection? What accounts for the incubation period?

* |t may reflect the time needed for the organism to replicate
sufficiently until it reaches the critical mass needed for clinical

disease to result.



* It probably also relates to the site in the body at which
the organism replicates—whether it replicates

superficially, near the skin surface, or deeper in the
body (e.g., in the gut).

* The dose of the infectious agent received at the time
of infection may also influence the length of the

incubation period. With a large dose, the incubation
period may be shorter.



Incubation Period

Factors affecting duration incubation period

Critical mass

1. Sufficient organism replication to reach critical mass for symptoms

2. Si_te i_n the body y\(here Q_l_'ganigq‘n. lfep-licates-deep or superﬂc_la_l

3. Dose of lnfe;ti_ou_s ag_e_nt-organism

——————e— .. - - — e ————————————




* Different diseases have different incubation periods. A precise
iIncubation period does not exist for a given disease; rather, a
range of incubation periods is characteristic of that disease. Fig.
2.13 shows the range of incubation periods for several diseases. In
general the length of the incubation period Is characteristic of the

Infective organism.



DISEASE

INFLUENZA
COMMON COLD
ADENOVIRUS
DENGLE

HERPES SIMPLEX
ENTEROVIRUS
POLIOMYELITIS
MEASLES
SMALLPOX
CHICKENPOX
MUMPS

RUBELLA
HEPATITIS A

INF. MONONUCLEOSIS
RABIES
HEPATITIS B

380
180
! 80-100

Fig. 2.13 Incubation periods of viral diseases. INF., Infectious. (From Evans AS, Kaslow RA, eds. Viral Infections of Humans: Epidemiology and Caontrol

4th ed. New York: Plenum; 1997 )




Incubation Period

3

L Different diseases have different incubation periods.

B

| No given disease has a precise incubation period

DISEASE

NFLLENIA
COMMON COLD
ADENOVIRLIS
DENGUE
MEFPLES S X
ENTEROVSRUS
POLIOMYELITES
MEASLES
SMALLOX
COCHENPOX
MUASS

U LLA
MEFPATITIS A

BF . MONOMNUCLEOSIS
RABIES
MEPATITES D

. e s e

QI Importance of incubation period? Quarantine-%ua\rame giorni-40 days



* In a single-exposure, common-vehicle epidemic, the epidemic curve

represents the distribution of the Incubation periods. This should be

Intuitively apparent: if the infection took place at one point in time, the

Interval from that point to the onset of each case Is the incubation

period In that person.

* As seen in Figure involving Salmonella typhimurium, there was a rapid,
explosive rise in the number of cases within the first 16 hours, which
suggests a single-exposure, common-vehicle epidemic. In fact, this pattern

is the classic epidemic curve for a single exposure common-vehicle outbreak



* The incubation period for infectious diseases has its analogue In
noninfectious diseases. Thus, even when an individual is exposed to
a carcinogen or other environmental toxin, the disease Is often
manifest only after months or even vyears. For example,
mesothelioma resulting from asbestos exposure may occur 20 to 30
years after the exposure. The incubation period for noninfectious

diseases Is often referred to as the latency period.



Estimate Incubation Period

NCDs: exposure to carcinogen oOr toxin
Mesothelioma: After 20-30 years of exposure to asbestos.

Explosive rise:
single exposure, common-vehicle

s »
0 1 e e »
| Classic epidemic curve
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* The three critical variables In investigating an outbreak or
epidemic are as follows:

* 1. When did the exposure take place?

« 2. When did the disease begin?

* 3. What (how long)was the incubation period for the disease ?
* If we know any two of these, we can calculate the third.




Outbreak Investigation: 3 critical points

Time of exposure Time of Symptoms Incubation period
WHEN? WHEN? HOW LONG?

Know two of the above to calculate the third



Attack Rate (AR)

To compare risk of disease in a group with different exposures

Number of people at risk in whom a certain iliness develops
Attack rate =

Total number of people at risk

Number of people who ate a certain food and became ill
Food-specific attack rate=

Total number of people who ate the food

Similar to incidence rate, But in more acute diseases

Time NOT considered



Attack Rate

‘Primary case (index case):

(;/f) :Person acquiring disease from exposure i. e contaminated food

Secondary case:

@ :Person acquiring disease from exposure to primary case

Secondary attack rate :

= : Attack rate in susceptible people who have been exposed to
/ primary case, usually in family of index case

EXAMPLE

Items Did Not Eat

consumed sick | total Attack rate

—— . W W — — - ——— P ' i

€ggsalad | 176 |226 | 176/226=77.9 |27 |73 | 27/73=37

——




Occurance of Disease

To investigate an
epidemic:

Who was attacked?
When did the disease
occure?

Where did cases arise?

Sex, age, race

PPT: Person, Place, Time

Rate (per 100,000 poputation)
250 —_— L
Gonorrhea: Males > females women
el 2020200 T e Tou!
150
L T ——
100 4 T S e e s S S SRR EEEETEY
S04
O v - P . 2 2 2 . 2 g - v
208 2007 2008 2009 2010 2011 2012 2013 2004 2015
Year (m]



STEPS: Acute Outbreak Investigation

3. Attack rate? 3. Finding from

DEFINE EXAMINE - HYPOTHESIS




STEPS: Acute Outbreak Investigation

CONTROL REPORT




Cross Tabulation (Crosstabs)

A commonly used statistical tool in foodborne outbreaks.
Used to pinpoint the actual causative agent from several suspected
ones

Outbreak of Streptococcus pyogenes (group A) m:::"‘n“;;';“ jall in

Ate-drank (exposed) Did Not Eat-drink (not exposed)
consumed sick | total |Mm 'dek _|ml |Ml‘lh
Beverage | 179 [26a | 179/264=67.8 [22 [so | 22/50=4a
Eggsalad | 176 |[226 | 176/226=77.9 |27 |73 | 27/73=37

Exposed: Ate and drank, Not exposed: did not eat or drink

' 2 x 2 contingency tables

AR is higher in exposed than not exposed, but...

Is it bevaeage or egg salad that caused outbreak? Use crosstab



Crosstab Analysis

Calculate AR for those who ate and those who did not,
but, look separately at those who drank and those who did not

Vertical Did not increase AR: 75.6 vs 80 and 26.4 vs 25

Did Not Eat

orink |152|a9 [201 | 756|219 |53 |72
Notorink| 12 |3 |15 so |7 (|22
Horizantal

Increase AR
75.6 vs 26.4 Significant increase
80 vs 25 significant increase

AR, attack rate

Egg salad is the main suspect




Exploring Occurrence of Disease

* The concepts outlined In this chapter form the basis for
exploring the occurrence of disease. When a disease appears
to have occurred at more than an endemic (usual) level and we
wish to investigate its occurrence, we ask:

* Who was attacked by the disease?
* When did the disease occur?

 Where did the cases arise?

* |t Is well known that disease risk is affected by all of these
factors.




* WHO

* The characteristics of the human host are clearly related to disease risk.
Factors such as sex, age, and race as well as behavioral risk factors (e.g.,

smoking) may have major effects.



* WHEN

* Certain diseases occur with a certain periodicity. For example,
diarrheal disease iIs most common during the summer months, and

respiratory disease is most common during the winter months.



« For example, in the United States, both the incidence of and deaths from
acquired immunodeficiency syndrome (AIDS) increased for many years, but it

began to decline in 1996, largely as a result of new therapy and health education

efforts.



- WHERE
 Disease is not randomly distributed in time or place.



