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Epidemiologic Concepts for the Prevention and Control of Infectious Diseases

Tomas J. Aragn, MD, DrPH-2
Arthur Reingold, MD

1 University of California, Berkeley, School of Public HéalBerkeley, CA
2 San Francisco Department of Public Health, San Francisod, C

Abstract

We will review the epidemiologic concepts for the preventamd control of infectious diseases. Public health and ca¢grofes-
sionals are familiar with common interventions to preventantrol infectious diseases. However, the underlyinglemiiologic
concepts that drive and guide these interventions are ésiidr. Although we focus on acute infectious diseasessehcon-
cepts are broadly applicable to communicable diseasdading chronic or neoplastic diseases caused by exogersamsnissible
agents such as human immunodeficiency virus (HIV), hepditand C viruses (HBV and HCV), human papilloma virus (HPV),
and prions.

Keywords: Infectious diseases, Communicable diseases, Transmiggi@mmics, Infectious disease epidemiology

Learning objectives

. . . - Table 1: Common interventions to prevent and control infetidiseases
After completing this review readers will be able to de- P

Control measures

scribe. .. Lo . . . . Alter risk factors

e The transmission of_ microbial agents from an infectious Prophylactic immunization
source to a susceptible human host; Post-exposure management

e The natural history of infection and infectiousness; Diagnosis and treatment

¢ How humans and microbes interact with each other and Infection control practices
their environment to produce infectious disease epidemics Case finding and isolation

e The haracteristics of infectives that increase transimissi Contact tracing and quarantine

e The characteristics of susceptibles that increase traasmi Environmental control measures
sion: Identify and control infectious sources

e Six control strategies for interrupting transmission; and

Control measures based on the six control strategies. . . . .
¢ 9 potheses generation and testing when conducting outbneak i

vestigations; (4) help responders design, implement, ealdie
1. Introduction ate interventions to control and prevent acute microbisgats
. ) ] ] ] as well as endemic infectious diseases; and (5) help planner
We will review the epidemiologic concepts for the preven-gegign, test, and evaluate infectious disease emergemrgi-op
tion and control of infectious diseases. Public health aed-m {jons response plans.
ical professionals are familiar with the interventions teyent Our primary focus is on infectious disease transmissiortmec
or control infectious diseases (Talle However, the underly- - apjsms, transmission dynamics, and transmission coneainm
ing epidemiologic concepts that drive and guide theseveter e gesign, implementation, and evaluation of strategiesi-
tions are less familiar. Although we focus on acute infe®io {1g| infectious diseases can be improved by using a system-
diseases, these concepts are broadly applicable to comauni atic, integrated epidemiologic approach, especially éurte.or
ble diseases, including chronic or neoplastic diseasesedau poyel microbial threats that require special public heatttions
by exogenous transmissible agents such as human immunodef g severe acute respiratory syndrome [SARS], human pan
ciency virus (HIV), hepatitis B and C viruses (HBV and HCV), gemic influenza, or bioterrorism). Furthermore, we stréss t
human papilloma virus (HPV), and prions. value and importance of understanding the epidemiologie co

A better understanding of the core epidemiologic conceptgrg| points that drive infectious disease transmissioreyics.
will (1) help researchers prioritize and conduct studieisiém-

tify and optimize prevention and control interventions); ii2lp
clinicians understand their role and how it directly andiind
rectly contributes to containment efforts; (3) help fieldas-
tigators use a systematic and comprehensive approach to

1.1. Epidemiologic concepts

Epidemiologyis “[t]he study of the distribution and deter-
hm_inants of health related states and events in populat#org,
%e application of this study to control health problemg]. [

December 31, 2011
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| Transmission Mechanisms 2. Transmission mechanisms
+ 2.1. Chain model of infectious diseases
Transmission Dynamics The Chain Model of inchtious_diseases contgins the key

components that must be “linked” in order for an infection to

occur. (Figure?). First, there is asusceptible hostSecond,
Control Points | | Control measures there is anicrobial agentcapable of adhering, entering, infect-
ing, and causing disease in the susceptible host. In itgalatu

- settings, the microbial agent multiplies and survives raser-
Control Strategies voir. The sourceis where the microbial agent is when it is

transmitted to the susceptible host. The reservoir cantaso
Fjgure 1: The_ re_Iationship_between infecti_ou; disease_stmassion mgcha— a source of infection. Thportal of exitis how the agent ex-
o :;Zli";:ii'yogngy:\mgzbﬁnd transmission containmentrét@oints, jiq the source. Thenode of transmissiois the mechanism by

which the agent is transmitted from the source to the hogt, (e.

contact, droplet, airborne, etc.). And tpertal of entryis how
By health-related states or events, we mean the occurrance the agent enters the susceptible host (e.g., respiratmty as-
condition of infection, disease, injury, disability, orath. Epi-  trointestinal tract, genitourinary tract, skin). For exae; en-
demiologic studies are designed to answer well-definedsinve terohemorrhagi&scherichia coliEHEC), most commonl¥.
tigative questions while minimizing threats to making gah-  coli O157:H7, elaborate Shiga toxins that can result in severe
ferences (chance, bias, and confounding). Most medical anduman disease, including hemorrhagic colitis and henwlyti
public health professionals are familiar with the epiddog@  uremic syndromed]. Cattle are the major reservoir for EHEC;
approach to public health action. Infectious diseasegmiff  up to 5% can be asymptomatic excetors of the organism. The
important ways from non-infectious diseases because of theource of infection for humans can be ingestion of contami-
mechanisms by which microbial agents are transmitted asd tmated foods or water, but also can be direct contact with-colo
population dynamics of transmission and disease occwerencnized cattle or their environment. The most commonly recog-
To improve our conceptual understanding, we use a systematinized mode of transmission is human ingestion of contareéhat
comprehensive, and integrated approach (Fid)reSpecifi- ground beef.

cally, we cover the following:
Susceptible hostHuman host susceptibility is a relative at-

1. Transmission mechanisms tribute and depends on the condition of host defenses. Host
(@) Chain model of infectious diseases defenses consist of innate immunity and acquired immulity.
(b) Natural history of infection and infectiousness nate immunityconsists of nonspecific mechanisms that do not

(c) Convergence model of human-microbe interaction require prior exposure to foreign agents in order to resiight
invasion of the host by these foreign agents. The first lifes o

2. Transmission dynamics defense are intact skin and mucous membranes, and any breach
(a) Reproductive number in these provide a portal of entry. Nonspecific inflammation
(b) Infection rate among susceptibles and phagocytostgrovide a second line of innate defense. The
(c) Generation time other type of host defense &&quired immunitywhich can be

o _ active or passive. Acquiredctiveimmunity is comprised of
3. Transmission containment

(a) Control points
(b) Control strategies
(c) Control measures

Linflammatory cells (macrophages and granulocytes) fight iiciedty en-
gulfing microbes.

First, we review infectious disease transmission mechasis
How are infections transmitted and why? Second, we review
infectious disease transmission dynamics. At the popmrati
level, what mechanisms explain the transmission of miedobi
agents and the appearance of infectious cases? How do infec-
tious cases interact with susceptible hosts? Third, weevevi
transmission containment. From our study of transmissien d
namics, we identify transmission control points for preimm
and controlling infectious diseases. We will use theserobnt
points to guide the development of appropriate control mea-
sures. This process helps us to evaluate the success oe failu
our control measures.

Susceptible

Figure 2: The chain model of infectious diseases

(© Tomés Aragn, MD, DrPH 2 www .medepi.com
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host antibody or cellular immune defense mechanisms that ta Elimination
get specific foreign agents based on prior exposure to this or |
antigenically similar agents. Vaccination is a form of eetim-

munization. Acquireghassivammunity is when a host receives

preformed antibodies that were made in other hosts. Reokipt ~ EXPosure ; ; 1
immune globulin is a form of passive immunization. —— S ‘

Damage
Damage

Microbial agent. Microbial agents or their toxins can cause hu- Infection
man disease. We focus on transmissible agents that are mi- ~ \ T Y
crobes, microbe-like, or their toxins. Microbes are comple . Commensalism Disease
reproducing microorganisms such as viruses, bacteria- par L
S|t_es, and fungi. Prlon_s are transmissible, self-propag_quro-_ 3
teins that can cause disease (usually neurodegenerateaseis |
called spongiform encephalopathies). With respect toiterm
nology, we refer generically to microbes (or microbial aggn Figure 3: Damage-response framework of microbial pathogendsiection
a specific agent (e.gClostridium botulinury, or a microbial  (microbial acquisition by a host) leads to elimination, comnatiem, colo-
toxin (e.g. botulinum toxin). Although we are focusing o th nization, persistence, or disease. The solid line reptederst damage from
¢ Y f microbial ’ ts. di Iso bed host-microbe interaction. The dashed line represents testtbld at which the
ransm|SS|_on_o micro 'a_ agen S, diseases can also @ ausIevel or quality of host damage leads to persistence or déis&urce: Adapted
by transmission of non-microbial agents such as chemigal to from [4]

cants.

Microbial reproduction can occur outside or inside the host . " . .
S to cause host damage. Chronic hepatitis C infection andtlate
For example, staphylococcal food poisoning occurs whieau- o . ;
tuberculosis infection are both examples of persistence.

reusgrows in food substrate and elaborates enterotoxin. Inges- ) . . . . .
9 9 Diseaseis a state of infection where the host-microbe in-

tion of preformed enteroxin in food results in clinical s ) ) .
b ymp teraction results in sufficent host damage to be detectable b

toms (nausea, vomiting, watery diarrhea) 1 to 6 hours after i . - .
( 9 Y ) diagnostic tests, or to cause clinical symptoms or sidis [

gestion B]. S. aureuscan also grow inside a host causing a _. : . .
. ; >~ Disease can occur quickly after infection or can develomfro
local abcess or causing systemic shock from the elaborafion . 2 .
. : - commensalism, colonization, or persistence states. Tine te
the toxic shock syndrome toxin. Host injury can occur disect L : L ; :
from the invading microbe, from a inflammatory host immunepathogenlcnydescnbes the probability of developing disease
' given infection. The termirulencedescribes the probability of

response, or from organ hypoperfusion (septic shock). ) L ) .
P . gan hypop (. P ) . severe disease, complication, or death given diseasex&or-e
Infection and transmission are two sides of the same coin;

infection is from the perspective of a susceptible host ssrust ple, Neissgria.meningiti(_jisolonizes the human oronasaphgr—_
mission is from the perspective of an infectious soulodéec- ynx resulting in a host immune response and eventual elimi-

tion is acquisition of a microbe by a host][(see Figure3). nation. However, pathogenic strains are more likely to deva

Infectivityis the probability of infection given exposure to a mi- the bIoodstream, causing meningococcemia, and the _mc_ust_vw
. N . . . lent strains cause severe meningococcal disease (mesiogit
crobial agent.Transmissions the transfer (infection) of a mi-

crobe from an infectious source to a host. Transmission can oSeptIC shock) and death.

cur within species (intra-species), between species{gitecies), Reservoir. Reservoirs for microbes can be either human, an-
or between the environment and a specigsinsmissibilityis  jmal, or environmental. Generally, the reservoir contains
the probability of microbe transfer to a host given contaat (  tritional substrate to support microbial growth. Bactetiat
posure). This is also called tteansmission probability sporulate are an exception; for examBegillus andClostrid-
Infection can result in several possible states: elimamati j;m species can survive extreme conditions as spores, and only
commensalism, colonization, persistence, or diseaserobic  germinate into a vegetative form when conditions are favor-
elimination from the host occurs from physical factors, hostgple. To control an infectious disease, we must know the pri-
flora interference, immune response, or medical ther@pm- gy reservoir(s). For some infectious diseases, humathare
mensalisnoccurs when a microbe is acquired early in life and0n|y reservoir: polio, hepatitis A (B and C), measles, mumps
becomes part of the normal microbial flora. Commensals do nq{,pelia, varicella, smallpox (before eradicafihrand malaria.
cause host damage unless there is impaired immunity oedlter |, large part, smallpox was eradicated from the human specie
microbial flora. Infection can result inolonizatiorf where a because humans were the only reservoir—this is a necessary,
microbe is recovered from a non-sterile site at which hostda pt not sufficient, condition for successful eradicatiéja Pther
age is not clinically apparent. Colonization is transiemd &-  pecessary conditions for eradication include that the obied

sults in either microbe elimination, persistance, or hastase.  agent is not part of the normal human flora, and that effective
Infection can result in microbiglersistencavhen the microbe  prevention measures exist (e.g., vaccination).

is not eliminated from the host and may or may not continue

SEradication is defined as the extinction of the causativenaigeman as
well as in nature, leading to the cessation of all control memascluding vac-
cination [p].

2Colonization is synonymous with a “carrier” state.

(© Tomés Aragn, MD, DrPH 3 www .medepi.com
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Source. The source is where the infectious agent survives or
reproduces prior to transmission to a host. The source of in-
fection is a primary focus in any investigation of an infeas
disease outbreak. However, because the reservoir can serve
as the source of infection, understanding microbe reseri®i
necessary to conduct a thorough investigation. Thereforng,
reservoir is a potential source (human, animal, envirorfinén
non-reservoir source can be almost anything; the only regui
ment is that the microbe must survive in or on the source until
it is transmitted to the host. In an outbreak investigatibthe
known reservoirs or the usual sources are not implicatedeas t
source of the outbreak, then analytic studies may be negessa
to identify an unsuspected or new source and redirect thesinv
tigation. Only hypotheses that are considered by investiga
can be tested in an analytic study. Therefore, if an analytic
study does identify a potential source, investigators nmegadn

In contrast, the eradication of human infectious diseases it0 re-think their current hypotheses or consider new hygih
(see Case Studi).

very unlikely when animals are the primary reservoir forrttie
crobial agent. Examples of human infectious diseases fartwh
animals are the primary reservoir include West Nile virus di
ease (West Nile virus in migratory birds via mosquito vestor
Lyme diseaseRorrelia burdorferiin rodents via tick vectors),
enterohemorrhagic colitis (bloody diarrhea) and hemolytiemic
syndrome E. coli O157:H7 in cattle via ingestion), and cryp-
tosporidiosis Cryptosporidium parvunn calves). Human in-
fectious diseases acquired from animals are called zoenosé

Table 2: Chain Model of Infectious Diseases—Reservoirs

1. Human
(a) Symptomatic illness
(b) Carriers
(c) Asymptomatic (no illness during infection)
(d) Incubatory (pre-illness)
(e) Convalescent (post-illness recovery)
() Chronic (persistent infection)

2. Animal (zoonoses)

3. Environment

Case Study 1 Postoperative Serratia marcescens wound
infections traced to an out-of-hospital source [8]

“From 25 August to 28 September 1994, 7 cardiovascular
surgery (CVS) patients at a California hospital acquired
postoperative Serratia marcescens infections, and 1 died.
To identify the outbreak source, a cohort study was done
of all 55 adults who underwent CVS at the hospital dur-

or zoonotic infections. Several of the potential bioteigar
agents naturally cause zoonotic infections includifegsinia
pestisplague) Bacillus anthraciganthrax) Francisella tularen-
sis (tularemia), andBrucella speciegbrucellosis). In general,
these microbes are well adapted to their animal reservoiw-g
ing inside their hosts, and being efficiently transmittetileen
animal hosts. When a zoonotic disease occurs in humans, th
agent is often not adapted to the human host and sustaing
human-to-human transmission may not occur. We see this phe
nomenom with West Nile virus infection, bat and dog-variant
rabies, and avian influenza virus—all of which cause humar
disease, but are then not transmitted efficiently from hutoan
human.

Examples of human infectious diseases for which the envi-
ronment is the reservoir for the agent include botulism {neu

ing the outbreak. Specimens from the hospital environ-
ment and from hands of selected staff were cultured.
S. marcescens isolates were compared using restriction-
endonuclease analysis and pulsed-field gel electrophore-
sis. Several risk factors for S. marcescens infection were
identified, but hospital and hand cultures were negative.
In October, a patient exposed to scrub nurse A (who
wore artificial fingernails) and to another nurse—but not
to other identified risk factors—became infected with
the outbreak strain. Subsequent cultures from nurse A's
home identified the strain in a jar of exfoliant cream. Re-
moval of the cream ended the outbreak. S. marcescens
does not normally colonize human skin, but artificial nails
may have facilitated transmission via nurse A's hands.”

rotoxin from Clostridium botulinumin soil), tetanus (neuro-

toxm_frqm Clostridium tetanin SO'I)’ IegloneIIOS|s l(egllonellla Portal of exit. When a portal of exit exists, it determines how
speciesin water), Mycobacterium avium complex infections ; ; : )
the infectious agent exits the source/reservoir. The pofta

(Mycobacterium avium compléxsoil and water), coccidioidomy- . . ) ) :

. . L . .2 exit for an infectious human or animal is most commonly the
cosis Coccidioides immitisn soil and dus), blastomycosis respiratory, gastrointestinal or genitourinary tractaovound
(Blastomyces dermatitidig;n soil and dust), and aspergillosis P Y. 9 g y

. . o ! . or ulcerative lesion on the skin or mucous membrane. Blood-
(Aspergillusfungal species are ubiquitous in the enwronment).borne athogens exit the source through bleeding, phlatyoto
Environmental microbes that are ubiquitous are unavo&abl P g g gp

: B or sometimes genital secretions (e.g., HBV, HIV). When pos-
Many of these microbes are nonpathogenic in the face of a com- : ) )

. : . sible, portals of exit should be covered; for example, cioger
petent host immune system. However, in a severely immuno-

; . one’s mouth and nose when coughing or sneezing, or bandage
comprqm!ged host, these mlgrobes can _be deadly (@rgy- dressing an oozing skin wound. During the SARS outbreaks,
mocystis jirovecfi pneumonia in AIDS patients).

while the respiratory tract was quickly identified as a ploofa
exit, it was not appreciated that the gastrointestinalt theac-
bored a large viral load until a single SARS case with diaarhe
produced a large outbrea8]]

(© Tomés Aragn, MD, DrPH 4
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vironmental conditions, can also infect via aerosolizati®p-

Table 3: Chain Model of Infectious Diseases—Mode of Transiois portunistic airborne transmission explained some of thgpés
1. Contact spreading” events observed with the SARS outbre&Rs1[3].
(a) Direct contact (e.qg., touching, kissing, Some microbes can be transmitted via multiple modes. Shigel
having sex) losis, an extremely infectious bacterial gastroentenfigu-
(b) Indirect contact (e.g., intermediate object, mans, is an exampleShigellais generally described as being
fomites) transmitted via the “fecal-oral” route. However, this dgsc
2. Respiratory droplets (large particles: secrections, tion is insufficient to design control measures becauselit on
cough, sneeze) summarizes the portals of exit and entry. More specifictily,
3. Airborne (small particles: droplet nuclei, dust) modes of transmission include direct contact (personetsqn
4. Vehicle-borne (e.g., ingestion, instrumentation, physical contact, including sexual), indirect contactnteon-
infusion/injection) inated fomites), and vehicle-borne (ingestion of contatsd
5. Vector-borne (e.g., mechanical, biologic) food or water). Therefore, understandaifthe modes of trans-
6. Vertical transmission (e.qg., in utero, at birth, mission is necessary to implement preventive measuresnto ¢
breast milk) duct an outbreak investigation, and to implement contrahme

sures during an outbreak.

Portal of entry. The portal of entry is where the infectious agent

Mode of tranmission.The mode of transmission is the mecha- €nters the host. Possible portals of entry include thevatig:
nism by which the microbial agent gets from the source to the

susceptible host (Tablg). Microbes can be transmitted from * Mucous membrane surfaces

the source to the host by contact, respiratory dropletpairds, — Nose, mouth, oropharynx

vehicle-borne, or vector-borne routes. — Gastrointestinal tract
Contacttransmission occurs from direct physical contact — Genitourinary tract

with a source (e.qg., touching, kissing, having sex), iratio®n- — Respiratory tract

tact with a contaminated intermediate object (e.g., erviren- — Anorectum

tal surfaces, fomites), or vertical transmission from neotto
child before, during, or after birth. The vehicle-borneecgdry
includes ingestion of contaminated food or water, instmii@e  practical application. Understanding the chain model of in-
tion (e.g., urinary catheter), injection (including inflen drug  fectious diseases is essential for implementing commosesen
use), and infusion (e.g., intravenous catheter). VEotO®d  nfaction control and worker safety measures. For example,
transm|§S|on can be_ biologic (vector feeding on_thei host) Ohgents transmitted primarily by large repiratory dropéetd se-
mechanical (contaminated fly appendage contaminatingd oG etions include influenza virusleisseria meningitidiéneningo-
item). coccal disease)ersinia pesti§pneumonic plague), andari-

Droplet transmission occurs via large droplets L0 mi- 5 yirus(smallpox)® Large respiratory droplets fall out of the
crons) and secretions generated from the respiratory draet air, settling close to the source (usually within 3 feet).efith

ing coughing, sneezing, or talking. These droplets carttyre  tqre  common sense transmission control measures for these
enter the eyes, nose, or mouth, or indirectly by self ind@a  -mmynicable agents include: having the infectious cagerco
by contammatec_i hands. Large respiratory droplets settleet o portal of exit (“respiratory hygiene” and “cough etitfe);
ground and environmental surfaces; however, smaller €tepl p4ying the susceptible host use barrier methods to cover por
(6-10 microns) may be suspended briefly (for several mijutes s of entry (face mask, goggles); having the infectiouseca
and mhaled into thg prpxmal resp|ratory_tract ofthe ha®}[ 4nq susceptible host disinfect their hands (*hand hygiereid

_ Airbornetransmission occurs when microbes are suspendef,ying the susceptible host increase their awareness dfitou

in air on droplet nuclei{ 5 microns) or dust, and can be trans- i their face, mouth, nose and eyes with their hands (“hand
mltteq over Iong distances an_d time intervals. _Suspenotﬂﬂetr _awareness”). Hand awareness may reduce self inoculation fr
nuclei can be inhaled deep into the lungs. Airborne transmisy s that have had contact with infectious patients orront
sion can be obligate, preferential, or opportunisfit][ Ob-  ;,5ied environmental surfaces.

ligate airbornetransmission occurs with microbes (e.yly- Respiratory airborne agents transmitted by droplet nuclei
cobacterium tuberculosighat, under natural conditions, can i,cjude measles and varicella viruses angcobacterium tu-
only infect a host when aerosols are inhaled deep into thg lun pec10sis Droplet nuclei remain suspended in the air for longer
Preferenthl alrbornetransm|§S|on occurs with microbes (e._g_., periods of time and can travel over distances. Reducing the
measles virus) that predominantly infect a host by desiti gy of ajrborne transmission requires diluting and/oefitg

of droplet nuclei in distal airways, but can also infect ViR&  gir - Air can be diluted by increasing ventilation (openig t
modes such as droplet transmissio®pportunistic airborne

transmission occurs when a microbe infects a host predomi-

nantly by non-airborne modes but, under the right host or en- 5skin or skin penetration
SHistorically, small proportion of patients aerosolized teis.

¢ Cutaneous (or percutaneous)
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A Time of
infection

Symptomatic,
Not infectious

Susceptible Latent period Infectious period | Non-infectious

Incubation period | Symptomatic period Non-diseased

B Time of
infection

Asymptomatic
Infectiousness

<>

Susceptible Latent period Infectious period | Non-infectious

Incubation period | Symptomatic period | Non-diseased

Figure 4: The Natural History of Infection and Infectiousse A: When the

latent period is longer than the incubation period, an igf@@erson develops
symptoms before becoming infectious. B: when the latent pésiskorter than

the incubation period, the infected person becomes infestiefore developing
symptoms (asymptomatic infectiousness).

Asymptomatic infectiousness\symptomatic infectiousness is
the important driver of several infectious diseases witargd
public health impact. For example, HIV infection is transmi
ted by direct person to person contact via blood or genital flu
ids. In the absence of any treatment, HIV-infected persoas a
infectious for a median of 10 years before developing symp-
toms of AIDS [15. Hence, HIV-infected persons are poten-
tially infecting many people (by sex or sharing injectiougir
use paraphenelia) for years before knowing they are indecte
Likewise, many hepatitis C virus (HCV) infected persons can
be infectious decades before developing symptoms thatdead
a diagnosis of chronic HCV infectiorl§]. Persons with hep-
atitis A, measles, and influenza infection are infectiouguab
1 week, 3—4 days, and 1-2 days before developing symptoms,
respectively 17]. Identifying exposed contacts can be more dif-
ficult when the exposure occurred before the infectiouscmour
developed symptoms, especially if the exposure occurratsye
before.

In contrast, with smallpox (when it existed), the latent pe-

windows), and it can be filtered by wearing a personal respifiod was longer than the incubation period, therefore pétie
rator. The common N-95 respirator is a snug-fitting face maskleveloped symptoms (e.g., high fevers, muscle aches)eefor
that filters air by the negative pressure generated by ndrmal becoming infectious. In fact, patients with smallpox wersin
spiration. To work properly, these respirators must beditte infectious after the rash onset. This made detection and iso
and tested with the intended user. A higher level of proteclation of cases and contact tracing and vaccination an -effec
tive, but much more expensive, alternative is wearing a petve tive disease control strategy. Likewise, patients infeatéth

air-purifying respirator (PAPR) hood. Preventing the spref
droplet nuclei to distant areas in a given facility can baexad
by implementing engineering controls that might includeg-n
ative pressure room for the infectious patient and assuhag
any potentially recirculated air undergoes high efficiepastic-
ulate air (HEPA) filtration. Hospital and community infeati

the human SARS coronavirus were infectious after devetppin
respiratory symptoms and were progressively more infastio

as their disease worsened. Hence, most secondary infection
occurred among health care workers and close household con-
tacts caring for very ill persons. This also helped to explai
why transmission of SARS in the community was not sustained

control practices are derived from these basic concepts. W8]

now understand the conceptual basis for contact, drophet, a

airborne precautions in infection control practicg4][

2.2. Natural history of infection and infectiousness

2.3. Convergence model of microbe-human interaction

In March, 2003, the “Convergence model of human-microbe
interaction” was published by the Institute of Medicine Q)

To effectively interrupt transmission we also need to under Committee on Emerging Microbial Threats to Health in thet21s

stand the natural history of infection, infectiousnesg] dis-

Century L9

ease and how they relate to each other. While clinicians focus

on curing diseases and relieving symptoms, in public health
we focus on understanding the dynamics of infection and in-

fectiousness in order to prevent transmission (Figiyré=rom

the time a susceptible person is infected until he or sheldeve

ops symptoms is called thacubation period Clinicians are

familiar with the incubation period because it helps them na

row their differential diagnosis when the causative agsnin-

known. From the time a susceptible person becomes infected

until he or she becomes infectious is called uent period

The latent period is followed by the infectious period. The
infectious period ends because the patient has cleareahthe i
fection or has died. When the latent period is longer than the
incubation period, an infected person develops symptoms be
fore becoming infectious. However, when the latent per&d i

shorter than the incubation period, the infected personrbes

infectious before developing symptoms (asymptomaticcinfe

tiousness).

© Tomés Aragn, MD, DrPH

The convergence of any number of factors can
create an environment in which infectious diseases
can emerge and become rooted in society. A model
was developed to illustrate how the convergence of
factors in four domains impacts the human-microbe
interaction and results in infectious disease (Fig-
ureb5). ... The emergence and spread of microbial
threats are driven by a complex set of factors, the
convergence of which can lead to consequences of
disease much greater than any single factor might
suggest. Genetic and biological factors allow mi-
crobes to adapt and change, and can make humans
more or less susceptible to infections. Changes in
the physical environment can impact on the ecol-
ogy of vectors and animal reservoirs, the transmis-
sibility of microbes, and the activities of humans
that expose them to certain threats. Human behav-
ior, both individual and collective, is perhaps the
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PHYSICAL
ENVIRONMENTAL
FACTORS

SocCIAL,
POLITICAL AND
ECONOMIC FACTORS

Figure 5: Convergence model of human-microbe interaction. hAtdenter
of the model is a box representing the convergence of factading to the
emergence of an infectious disease. The interior of the bagadient flowing
from white to black; the white outer edges represent whah@@an about the
factors in emergence, and the black center represents thewnk Interlocking
with the center box are the two focal players in a microbia¢#ito health—
the human and the microbe. The microbe-host interaction iseinfied by the
interlocking four domains of the determinants of the emergeidefection

[19.

most complex factor in the emergence of disease.
Emergence is especially complicated by social, po-
litical, and economic factors—including the devel-
opment of megacities, the disruption of global ecosys-
tems, the expansion of international travel and com-
merce, and poverty—which ensure that infectious
diseases will continue to plague us. Today we also
face the threats of intentionally introduced biolog-
ical agents.

50 €DC initiates domestic
45 SARS surveillance
W SARS-CoV Posiive (N =8)

I SARS-CoV Negative (N = 206)
35 1 B SARS-CoV Undetermined (N = 184)

No. of Cases

15 A rr.muﬁﬂ || HHF\D‘:IHHHHHTI

" Data of unset missing for 10 caces, 1 Gave onsal 111192002

@
]

liness Reports to COC (N = 1,460}
W Met Case Definition (N = 398)
L Did Not Meet Case Definition (N = 1,062)

No. of Reports
8

N ) & &
EEESeadd é” s, g" :

§e$§§'e@$§ FIES feé”ff&*é‘ FEESE
Week 2003 (Wednesday-Tuesday)

Figure 6: Probable cases of severe acute respiratory syedrby reported
source of infection—Singapore, February 25—-April 30, 20@urce: CDC
22

e Intent to harm.

Through this integrated approach, we are reminded thaesaus
can be complex, interrelated, and interdependent. The=sacc
or failure of our infectious disease prevention and coryrot
grams may depend on these factors, and how they interact. The
current epidemic of highly pathogenic H5N1 avian influenza
and the imminent threat of human pandemic influenza highligh
the Convergence model9, 21].

3. Transmission dynamics

Transmission dynamics is the population-level view of $ran
mission of microbial agents with the occurrence of infaasio
disease cases. We cover the reproductive number, theiorfect
rate among susceptibles, and the generation time.

Epidemiologists can think of this model as an updated ver-

sion of the agent-host-environment model of infectiousaée
causation, also referred to as the “epidemiologic trig2l].[

However, the Convergence model provides important detail
More specifically, the IOM Committee considered the follow-

ing individual factors as major contributors to the ememen
and re-emergence of microbial threats to health:

Microbial adaptation and change,;
Human susceptibility to infection;
Climate and weather;

Changing ecosystems;

Economic development and land use;
Human demographics and behavior;
Technology and industry;
International travel and commerce;
Breakdown of public health measures;
Poverty and social inequality;

War and famine;

Lack of political will; and

© Tomés Aragn, MD, DrPH 7

3.1. The reproductive number

To understand the reproductive number it helps to adopt the
perspective of a microbial agent that has infected and mexdiu
an infectious human case. In order for a communicable micro-
bial agent to survive among humans, it must produce (directl
or indirectly), on average, at least one other infectiounéu
case. This is the only way microbes can survive in a host popu-
lation. The reproductive number is the average number of sec
ondary infectious cases produced by cases during theic-infe
tious periods. IR < 1, the number of new cases will decline
and eventually go to zero. R= 1, the production of new cases
will assume a steady state. B> 1, the number of new cases
will increase (growing epidemic). The SARS outbreak in Sin-
gapore, 2003, illustrates this general process (Figure

Under different host population conditions, the reproduc-
tive number gives us different insights. We will considee th
reproductive number under two primary scenarios: when-an in
fection is introduced into a population (at tinhe= 0) and as
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Table 4: Estimated per-act risk (Transmission probabiliby) dcquisition of
HIV, by exposure route to an infected source. Source: CES] [

Exposure route Risk per
10,000
exposures
Blood transfusion 9,000
Needle-sharing injection-drug use 67
Receptive anal intercourse 50
Percutaneous needle stick 30
Receptive penile-vaginal intercourse 10
I Obsorvation Period >| Insertive ana! intercpur;e 6.5
I Insertive penile-vaginal intercourse 5
Receptive oral intercourse on penis 1
Figure 7: The reproductive number is the average number ohsecy cases Insertive oral intercourse with penis 05

produced by infectious cases during their infectious plriccach circle repre-
sents an infectious case, and the circle contains the nurisecondary cases

he or she produced. For example, the first case (at the farpefuced 3 . . .
secondary infectious cases, and so forth. Therefore, tnleaib the average re- {0 be defined carefully. Contact is an exposure episode.>or e

productive number, calculate the arithmetic average of thebeu of secondary  ample, for an HIV-infected man, contact might be defined as
cases(3+2+2+1+3+1+2+0+2)/9=18. unprotected, insertive intercourse with another persoor. aF
microbial agent, we generally define transmission to meé&n su
an epidemic evolves (> 0). Two key factors affect how an ficier_lt transf_er of the agen_t t_o Iego_l to an infection (p_a thwal
epidemic (and R) evolves: the fraction of the populatiort thaPersistence in host, subclinical injury to host, or fawdem’;a .
host immune response). For example, transmission of hispati

is susceptible, and the presence and level of control messur C vi It in HCV infecti tholoaical -
Under different scenarios, we will cover the basic repreduc. VIrus can resuit in infection (pathological persisten

tive number Rp), the effective reproductive numbeR)( and in bIOOd).’ subclinical injury (Iiver inflamma'tion.with or wi-
the control reproductive numbeRr{). Figure7 illustrates how out SC?”'”Q)’ or presence of anti-HCV ant|b0d|e§ (ev'm.
the reproductive number is calculated. a host immune response). Therefore, the operational definit

of transmission probability will vary depending on the noicr

bial agent and the outcomes under consideration.
Understanding the transmission probability can be less in-

tuitive. Consider sexual transmission of HIV infection.f&e

the era of anti-retroviral therapy, the median time froneaaf

Sfion to the development of AIDS was 10 yeaP§]l Therefore,

3.1.1. Basic reproductive numbergR

If an infectious case were introduced into a populatios (
0), we would like to know the inherent potential for this case
to cause an epidemic. To do this, we pose the following que

tion: If a single infectious cadewas introduced into a com- . . . :
the median duration of infectiousness was well over 10 years

pletely susceptlbl_e pop_ulaﬂon with no control measuresy h because even patients with advanced HIV disease couldmemai
many secondary infectious cases would be produced, on aver-

age? This is called the basic reproductive numBg}.§ The Sexually active. The contact rate of HIV-infected patiemith

basic reproductive number allows us to compare different mipotennally susceptible hc.JSt.S was mea?%‘red through mee
surveys P4]. The transmission probability—the per act risk of

croplal agents. for their potential to cause epidemics ing@a po an HIV-infected patient transmitting HIV to a susceptibéxs
ulation. More importantly, understanding the componehas t . .
ual partner—has been studied extensively and the results are

gi}iﬂg{‘eﬁgf necessary to designing and implementing CONsummarized in Tablg. In general, the per sexual act HIV

transmission risk is very low. For example, the average risk
Ro = dcp (1) of a woman Contracting_ HIV infection from an in_fecte(_j_ man
after having a single episode of unprotected penile-vagina

In Equationl (from the perspective of an infectious case), tercourse would be 10 in 10,000 (1 in 1,000). Therefétg,
d is the duration of infectiousness,is the contact rate with for HIV transmission would be determined primarily from the
susceptible hosts, angl is the transmission probability—the duration of infectiousness and the contact rate.
probability of infecting a susceptible host when contaciuss. Another familiar example of transmission probability ig th
By “source,” we are usually thinking of an infectious human secondary attack “rate” (really a risk) among susceptibleske-
case; however, it could be an infectious mosquito or a contanmhold contacts who are exposed to an infectious index cage. Se
inated blood product used for transfusion. For each miatobi ondary attack risks are usually estimated for infectioas tian
agent and infectious disease, “contact” and “transmissiead  be transmitted through household contact, such as tulosisyl
measles, chickenpox, influenza, and viral gastroenteritis

In spite of the importance dRy, it is difficult to measure
;A'S_O called “infective.” o ) empirically. This is because the necessary conditions—an in
Ro is pronounced "R naught” or 'R zero dex infectious case being introduced into a completelyestic
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ble population without control measures—rarely occurs pice
when a novel microbial agent is introduced and spreads deforTable 5: Basic reproductive number for selected vaccinegmtable diseases

it has been identified. For example, when HIV infection was in Disease Ro
troduced into San Francisco’s gay male community in the late Measles 12-18
1970s and early 1980s, these conditions were met. Similarly Pertussis 12-17
the uncontrolled transmission of HCV among injections drug Diphtheria 6-7
users before the availability of anti-HCV antibody testisgn- Smallpox o7
other of these rare occurrences in whighcan be measured. Polio 57
Another situation in which the necessary conditions for suea Rubella 5-7
ing Ry were met occurred when the human SARS-coronavirus Mumps 4-7
was introduced into several countries (China, Canada,aSing HIV/AIDS 2-5
pore, Taiwan, Viet Nam, etc.) causing outbreaks before the SARS 2-5
agent of SARS was identified. Influenza A (1918 HIN1)  2-3

3.1.2. Effective reproductive number (R)

TheRy represents the inherent potential for an agent to caus%S%' Therefore, if smallpox were re-introduced into the hom :
an epidemic after the introduction of an infectous case to population and spread naturally, then we would need to vacci

population. However, the actual or effective reproductiven- nate at least 68% of the populatiorF ~ 3, and at least 82%
ber R) after the introduction of an infectious cases into a pop-Of the_ populat|_on iR~ 5, to g_etRc <1 :

ulation (still without control measures) would be a funaotiaf Displayed in Tahld are varioud v_alues and vaccine cov-
the basic reproductive numbey) and the fraction of the popu- erage thre.sholdsf][. for_selected. vaccme—prevental_)le diseases
lation (x) that is susceptible upon the introductiar=(0) of the [28]. This information is useful in several ways. First, we can

infectious case (Equatio?). If x=1 (completely susceptible useRo tol\(l:or.nparﬁ the COTmun'Cﬁb'“ty, of thes;]e 'nfeﬁt'ouﬁ dis-
population), therR = Ro. eases. Notice that thigy for smallpox is much smaller than

the Ry for, say, measles. The differencesRp are primarily
) explained by the transmission mechanisms2jp. Smallpox
was primarily transmitted by large respiratory droplets] pa-
tients were not infectious until they developed a rash (that
there was little to no asymptomatic infectiousness). I,
measles is spread by the airborne mode, and an infectedperso

measure. In this case, the effective reproductive number it mfecr':lous b(.aftf)ret.the otr;]set of th”e rashS. As Zresﬂ!t' n:f:ats !
the presence of control measures is called the control {eprds much more infectious than smalflpox. second, notice that a

ductive numberRe) [26]. If the fraction susceptiblex, gets effective controllmeasure (in this case, vgccmatlon) duﬁs
small enough, eventuallig: becomes less than 1. Therefore, need to be applied to the whole susceptible population to be

decreasing the fraction of susceptibles is a proven sydteg successtul; it only_needs_to be impleme_nted suffic_ientlyaka
getRe < 1: we usually achieve this by vaccination. Rc < 1, although m_pubhc_health practice we strive to protect
as many people as is feasible and affordable.
The effect of vaccination:If vaccination is our control mea- Figure9 displays a real-world example of these concepts—
sure, therx = 1— hf, where f is the fraction of the popula- both Ry andRc [29]. On February 23, 2003, SARS was in-
tion that has been vaccinategatcine coverage andh is the  troduced into Toronto, Canada, and followed by two epidemic
fraction of those vaccinated that have complete prote¢tiap- ~ curves representing hospital outbreaks. In March, theyearl
cine efficac$)). For a well-studied, vaccine-preventable diseasepart of the first curve 1 rises rapidly and its slope approxi-
the basic reproductive number and vaccine efficacy are knowrinatesRo: the average number of secondary cases when an in-
Armed with these data, and using simple algebra, we can estflex case was introduced into a completely susceptible pepul
mate what fraction of the population would need to be vaccition and without control measures. Once the outbreak was rec
nated to bringRc < 1. In other wordsRe = Ry(1—hf) <1 ognized and control measures were implemented, the epidemi

R = Rpx

3.1.3. Control reproductive number R
From Equation2, it is apparent that we could prevent an
epidemic R < 1) by sufficiently reducing« by some control

becomes curve peaked and returned to baseline approximately mid-to
late April. However, lulled by the disappearance of casdeck
fs 1-(1/Ro) 3) tion control practices were relaxed and SARS was re-inttedu
h ’ in early May. Infection control measures were immediately r

where f is the minimum vaccine coverage necessary to getnstituted and we can see the subsequent “blunting of thestur
Rc < 1. in late May. In this second curve, the initial slope was l¢sss
For exampleRy was between 3 and 5 for smallpox. The and it approximateBc. Therefore, in this completely suscepti-

smallpox vaccine had a pre-exposure vaccine efficacy oftabolple population, the initial slope in the first curve measiRgs
the average number of secondary cases in the absence of con-

trol measures, and the initial slope in the second curve nnegs
Rc, the average number of secondary cases in the presence of

9This is a simplification but serves our purposes. For a comgisteission,
see HalloranZ7].
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Figure 8: The vaccine coveragé)(required to get the control reproductive
number Rc < 1) given the basic reproductive numb&) and vaccine effec-
tiveness If). For a high effective vaccine or lo®, only a proportion of the
population needs to gets vaccinated to Bet< 1. This is a general property
of interventions: they need to reach a sufficient proportibthe population to
getRec <1

control measures.

3.1.4. Reproductive number changes with time ()

So far, we have considered the reproductive nhumber upo
the introduction of an infectious case into a populationwHo
ever, as an epidemic evolves over time- (), the average num-
ber of secondary cases changes. As a function of tijnéhe
effective reproductive number is denotedRf), and the con-
trol reproductive number is denoted Ry (t).

For illustration, we simulated a smallpox outbreak where an

infectious case of smallpox was introduced into a closedipop
lation of 10,000 susceptible people under four differeense-
ios (FigurelQ). Curve Al is the epidemic curve of prevalent
smallpox cases in the absence of control measures. Cung Bl
the corresponding curve for the effective reproductive bem

Phase 1 Phase 2

Suspect travel
Suspect nontravel
Probable travel

Probable nontravel

Number

232527|1 3 5 7 9 111315171921232527293] 2 4 6 8 101214 1618202224262830 2 4 6 8 101214 161820222426 2830 1 3 §
dun

7

Mar

Month and day

Figure 9: Number of reported cases of severe acute respirstodrome Kl =
361), by classification and date of illness onset—Ontarédr&ary 23—-June 7,
2003. Source: CDC2P)
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Figure 10: Simulated smallpox outbreak after introducingnaglsi infectious
case into a susceptible population of 10,000. Incubaticiogevas 12 days,
uration of infectiousness was 10 days, &= 5. Top curve (A) displays
the prevalent cases, and bottom curve (B) displays thet®#eeproductive
numbers. Curves Al and B1 are without control measures. C&®esd B2
display the effect of vaccinating 70% of susceptibles. @a&3 and B3 display
the effect of case isolation, reducing the effective doraf infectiousness
from 10 days to 7 days. Curves A4 and B4 display the effect di lbontrol
measures. Curves B2, B3, and B4 display the control reprivéuoumber

(Re)-
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calculated fronR(t) = Rox(t). Rp drives the initial exponential impact of control measures. We see this in Figl®e Conse-
increase in Curve Al. Even in the absence of control measurequently, using this approach, a logical goal of control nieas
the epidemic curve peaks and the number of prevalent cases de to (1) delay the outbreak peak, (2) decrease the magnitude
clines. In a closed population, this happens because thmysup the outbreak peak, and (3) reduce the total number of infigsti
of susceptible hosts is depleted (at{t) decreases). This also disease case8(].

happens with infections, such as influenza, that move napidl

through open communities. Notice that the effective repeed  3.2. Infection rate among susceptibles

tive number changes with time (Curve B1). The effective re-  ynderstanding the components of the reproductive number
productive number is a dynamic number and, in this case-evefgcysed our attention on key transmission control poirts, i
tually drops below 1, and the epidemic burns out. Even in thuding duration of infectiousness, contact rate, trassion
absence of control measures, the natural transmissiomugsa probability, and fraction of the population that is susdelpt

of an epidemic may lead to extinction of the dised®@)< 1);  However, to complete the picture we must consider the trans-
particularly in a closed (or approximately closed) popolat  missjon process from the perspective of a susceptible host.

In Figure 10, Curves A2, A3, and A4 are the epidemic | epidemiology, the infection rate among susceptibles is
smallpox curves in the presence of control intervention8v€s  the number of new infections divided by the person-time at
B2, B3, and B4 are the correspondiRg(t)s. Notice that the risk. However, it's more instructive to consider the comguats
effect of control measures is to shift and blunt the epidemicyf infection (Equationd) with the following questions: First,
curve. Our goal in communicable disease control is to blut t \yhat is the contact rate)with a potentially infectious source?
epidemic curve (representing occurrence of fewer ca@rd) Second, what is the probability that the potential sourde-is

getRe(t) < 1 so that the epidemic burns out. The effects offectious p(t))? And third, what is the transmission probability
early control measures on an outbreak curve can also berseen() given contact with an infectious source?

Figure9.

As an epidemic spreads, susceptibles are infected and be- (t) = cpP(t) ()
come infectious (known as “infectives”). Eventually, iofees ) o .
are “removed” from the infectious state; they This perspective introduces an important new parameter to
consider—the probability the potential source is infecdid{t ).
e become noninfectious and immune; The contact rate is driven by behavior, the probability aepet

e become noninfectious and notimmune (susceptible a ai}lifl source is an infectious case s driven by the prevalaice
P 9 fectious cases, and the transmission probability isedrikry

I
or biology and behavior.

o die.
. . L ) 3.2.1. Contact rate

Eor a glosed populatlon (no mlgratlon in or put) Wherg infec-  The infection rate among susceptiblég), is a common
tives either die or pecome npnmfecﬂou; with immunity, theand important epidemiologic measure of occurrence. Under-
number of susceptibles qlecllr_les even in the a_lbsence of Cogtanding the underlying components not only gives insiighes
trol measures. For an epidemic that moves rapidly through thyqe population level processes, but also helps us to deegidp
populat!on,-the number of susceptibles also decllqes, ietien . refine research questions, and to incorporate new reseacth fi
population is open. When the number of susceptibles decllnegngs_ Consider, for example, sexual contact rates among men

even in the absence of control measures, the average nUmMREE 4 have sex with men (MSM). HIV researchers have hypoth-

of secondary cases produced by infectious cases also e&clin,g;,a( that selection of sexual partners (sexual mixinghén

with time. In other words, th_e effective reproductive numbe ;g community is not random. In fact, sexual mixing is het-

(R(t)) actually changes over time: erogeneous, with selection being influenced by age and HIV
e If R(t) persists above 1, the epidemic continues to grow.Serological status. Older men (who are more likely to be in-

fected) tend to select younger men (who are less likely to be

o If R(t) persists around 1, the infection becomes endemidinfected). Known HIV-positive men tend to select known HIV-

positive partners, and known HIV-negative men tend to $elec

known HIV-negative partners. This has been called “seiielog
In summary, when an infectious case is introduced into #&al sorting.” At a population level, for a given contact rage

population { = 0), the basic reproductive numbe®j repre-  sorting can result in more new infections, and serologiogt s

sents the inherent epidemic potential when the populagon iing can result in fewer new infections. We can appreciate tha

Comp|ete|y Susceptib|e and there are no control measureenWhthese new research findings must act through the contact rate

a fractionx of the population is susceptible, the effective re-parameter.

productive numberR) represents the actual epidemic potential

whereR = Rox. In the presence of control measuré&spe-  3.2.2. Probability a source is infectious

comesRc. If R> 1 att = 0, an epidemic occurs; however, both A first approximation of(t) is the prevalence of infectious

R(t) andR:(t) will change as the epidemic evolves over time cases circulating in the target community. For examplean S

(t > 0). The difference betweeR(t) andRc(t) represents the Francisco in the mid-1980s, an MSM who randomly selected a

o If R(t) persists below 1, the infection becomes extinct.
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sexual partner from the MSM community had an approximate
50% chance of selecting an HIV-infected sexual part3df. [ Table 6: Transmission control points and control strategies
That is,P was approximately 0.5. These components (contact Control points Control strategies

rate €), transmission probabilityp), and prevalenceR)) act

| X ) ) Contact rated) 1. Reduce contact rate
together to cause an increase or decrease in the infection ra . ) _ . .
L(t). Knowing individual parameters is not sufficient to predict Probability potential source is 2. Reduce probability potential
k ( ). ) g p h p b infectious P) source is infectious
infection rates. For example, if the contact rate was vegh hi . I

. . Duration of infectiousnessl} See #3

(e.g., high rates of unprotected anal intercourse), bupteea- o N S
lence of HIV-infection was zero, the infection rate wouldist ~ Transmission probabilitys) 3. Reduce infectiousness
be zero. HIV transmission prevention efforts have focused o 4. Interrupt transmission
affecting the contact rate and the transmission probgbilit 5. Reduce susceptibility

Blood banks prevent the transmission of bloodborne p"’“h.mgeliraction susceptible in population 6. Reduce fraction susceptible
such as HIV, HBV, and HCV, by donor deferral and screening (x)
blood to reduce the prevalence of contaminated blood ugits,
The transmission probabilitypf—the risk of infection after re-
ceiving a contaminated unit—is close to 1, and not amenabld. Transmission containment
to post-exposure interventions to reduce the risk. Reduitia
contact rate (i.e., blood transfusions) has limited effeciess
because, for many patients, blood transfusions are médica
indicated and life-saving. Hence, an effective prevensioat- 1. Identify control points;
egy targets lowering the prevalence of contaminated uffts.
prevalence largely determines the per blood unit risk, &isl t 2. Derive control strategies; and
risk has continued to decline as better methods for bloaskser
ing are developed and implement&2].

Designing and implementing transmission containment in-
Iterventions involves three steps:

3. Design and implementing control measures.

3.2.3. Transmission probability 4.1. Control points

The transmission probabilityj is the risk of infection given From EquationL (p. 8), 2 (p. 9), and4 (p. 11), we have
contact to an infectious case. The transmission probpiiit ;qentified five transmission control points. All infectiodss-

determined by eases act through these control points. Therefore, theessicc
e Susceptibility of the uninfected host; or f_ailure of our _disease control ir_1terventions i_s ultinhatiex-
plained by their impact on these five control points:

o Infectiousness of the source; and
. Contact rateq);

e Interruption of transmission (by physical, chemical, en-

gineering, or environmental methods). . Probability potential source is infectiou)(

Duration of infectiousnessl);

ted disease increases their susceptibility to HIV infettiBor . Transmission probabilityp); and
an HIV-infected person, anti-viral therapy may reducertirei
fectiousness by reducing the blood and seminal/vaginal flui
viral load. Finally, condoms can interrupt HIV transmissio

1
2
For an HIV-uninfected person, an ulcerative sexually tnaits 3.
4
5

. Fraction of population that is susceptibi (

4.2. Control strategies

3.3. Generation time Now we can develop a comprehensive prevention and con-

Generation (or serial time) is the average time between th#0l strategy that always makes sense. Using this appreaeh,
onset of symptoms in a given infectious individual and theetn ~ derive six control strategies (Tabi These six strategies map
of symptoms in individuals that person has infected. Comimun back onto the five control points. Here are the six essertia ¢
cable diseases with shorter generation times require rapie r  tral strategies in more detail:
detection and implementation of control measures. For exam
ple, the generation time of influenza cases is about 3 &8gs [
During human pandemic influenza, this leaves little timefto e
fectively identify, contact, and quarantine exposed pessdn 2. Reduce probability potential sources are infectious
contrast, the generation time of hepatitis A cases is medsur ) . o )
in weeks, leaving more time to identify exposed persons and 3 Reduce biological susceptibility of susceptibles
administer post-exposure immune globulin. 4

1. Reduce contact between susceptibles and potentiat infec
tives

. Reduce biological infectiousness of infectives

5. Interrupt transmission between infectious source asd su
ceptible host
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Social
distancing
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Table 7: Transmission control strategies and control measure

1. Reduce contact between susceptibles and potential
infectives

(&) Behavior change (host and/or source)

(b) Case isolation

(c) Case finding for intervention (e.g., isolation)

(d) Contact tracing for intervention (e.g.,
guarantine)

(e) Quarantine of exposed (individual, community,
geographic boundary [Cordon sanitaire])

(f) Sheltering (e.g., isolation of nonexposed)

(9) Reduction in the number of infectious sources

(h) Social distancing (school closures, travel
restrictions)

2. Reduce probability potential sources are infectious

(a) Case finding for intervention (isolation,
treatment, etc.)

(b) Identification and control of infectious sources

(c) Vaccination

3. Reduce biological susceptibility of susceptibles
(a) Vaccination (Pre- and post-exposure)
(b) Immune globulin (Pre- and post-exposure)
(c) Antimicrobial drug (Pre- and post-exposure)
(d) Treatment of co-factor (e.g., ulcerative STD)

4. Reduce biological infectiousness of infectives

(@) Treatment of cases
(b) Vaccination (Pre- and post-exposure)

5. Interrupt transmission between infectious source and
susceptible host, given contact

(a) Physical and chemical methods (e.g., barriers:
masks, goggles, condoms; respirators; hand
sanitizers, etc.)

(b) Engineering controls (e.g., HEPA filters,
negative pressure rooms)

(c) Environmental controls (e.g., disinfection)

6. Increase herd immunity (population-level effects)

(a) Vaccination, consider the following:
i. Naturally-acquired immunity
ii. Fraction vaccinated (vaccine coverage)
iii. Vaccine efficacy (fraction fully protected)

(© Tomés Aragn, MD, DrPH 15

Table 8: Public health and medical response to pandemic irfluen

1. Surveillance and epidemiology
2. Laboratory diagnostics
3. Transmission containment

(@) Community mitigation measures

i. Isolation of cases (infectious)
ii. Quarantine of exposed (potentially infec-
tious)
iii. Social distancing measures

A. School closures or suspension of
classes

B. Cancellation of large public gatherings,
events, etc.

C. Travel restrictions (to and from af-
fected areas)

iv. Sheltering (isolation of non-exposed)
(b) Vaccine distribution and use
(c) Antiviral drug distribution and use

4. Environmental and occupational health services
5. Infection control and clinical guidelines

6. Health care services, including mental health, and surge
capacity

7. Health communications (media, public, clinicians,
health care facilities)
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Table 9: Community mitigation strategies for pandemic influenza
Home interventions

e \oluntary isolation of ill at home (adults and children);
combine with use of antiviral treatment as available and
indicated;

e \oluntary quarantine of household members in homes
with ill persons (adults and children); consider combin-
ing with antiviral prophylaxis if effective, feasible, and
guantities sufficient.

School interventions (child social distancing)

e Dismissal of students from schools and school based
activities, and closure of child care programs;

e Reduce out-of-school social contacts and community
mixing.
Workplace/Community interventions (adult social distancing)

e Decrease number of social contacts (e.g., encourage
teleconferences, alternatives to face-to-face meetings);

e Increase distance between persons (e.g., reduce density
in public transit, workplace);

e Modify, postpone, or cancel selected public gatherings
to promote social distance (e.g., postpone indoor sta-
dium events, theatre performances);

e Modify workplace schedules and practices (e.g., tele-
work, staggered shifts).
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