Chapter 19
Host-Microbe Interactions

Microbial Relationships

v Symbiosis
Symbiosis is:
«the close association of one species with another
species.

«Mutualism
«Commensalism
« Antagonism
«Competition
®Parasitism
®Predation

Mutualism

Mutualism is:

=the interaction of two species for their
mutual benefit.

=Bacteria and the synthesis of vitamins K
and B

Commensalism

The interaction of two microorganisms in
which one microorganism benefits, but
the other is unaffected.

One organism utilizes a substrate and
forms a product that can be used by
another organism.

Flora living on our skin

Antagonism

The inhibition of one microbial species
by another.

=Production of antibiotics

=Production of toxins

=Production of enzymes that degrade the
cell walls of other organisms.

Competition

The struggle between organisms for

nutrients and space.

=Often associated with several harmful
associations, such as, predation and
parasitism.




Parasitism

One organism (the parasite) lives on or
in another organism (the host).

=Parasitic fungi include: Penicillium,
Rhizoctonia, and Trichoderma.

Predation

The interaction in which one organism
(the predator) feeds on and digests the
other organism (the prey).

Infection and infestation

v Infection

=Multiplication of any parasitic organism
within the host’s body.

v Infestation
=often used with macroscopic organisms.

Steps of infection

v Enter the host

«Portal of entry
v Attachment

«Adhesins

<Can be very specific to
cell tlype and pathoge.n T oO Eg

v Metabolize and multiply & °%

in host tissue (colonize) -
v Resist host defenses
v Damage the host

«Toxins or other
molecules

Hostcen

Further
exposure
al

focal

Table 19.1 Terms l?:ed in the Study of Infectious Diseases

Term Definition

Bacteremia Bacteria circulating in the bloodstream

Colonization Establishment and growth of a microorganism on a body surface

Disease Noticeable impairment of body function

Immunocompromised Ahost with weaknesses or defects in the innate or adaptive defenses

Inapparent infection Infection with no obvious symptoms

Infectious disease Disease caused by an infecting microorganism or virus

Latent infection Infection in which the infectious agent s present but not active

Opportunistic pathogens Organisms that cause disease only when introduced into an unusual
location or into an immunacompromised host

Parasite An organism that benefits at the expense of another organism,
the host

Pathogen Any disease-causing microorganism or virus

Pathogenic Disease-causing

Primary infection Infection in a previously healthy person

Secondary infection An additional infection that occurs as a result of a primary infection
and that occurs during or immediately following the primary infection

Septicemia Acute illness caused by infectious agents or their products cirulating
in the bloodstream

Systemic infection Widespread infection through blood or lymph

Toxemia Toxin dirculating in the bloodstream

Viremia Viruses dirculating in the bloodstream

Virulence determinants Atributes of a or virus that promote pathogenicity

Pili with adhesins

Host cell glycoprotei
receptors for pili

Host cell

<End of pili or fimbre membrane




Signs, Symptoms, Syndromes
v Signs - observed by examination
«Swelling, redness, rashes, coughing, pus formation,
runny nose, fever, vomiting, diarrhea. 15001
v Symptoms - felt by the patient § Oty
. 21200
®Pain, shortness of breath, nausea, sore throat, 2
headache, malaise. g
8’ 900 Infectious
v Syndrome 2 diseaes Other
5 | | Inf
=Combination of signs and symptoms. ;: oo | Cancer ] Cancer pcsider
g Kidney disease — di Y.
5004 Diabetes Cardio- Cardio- Diabetes
vascular vascular
diseases diseases
1990 1980's
Stages of an Infectious Disease — :
o i
Sl i
. EiE !
v Incubation T g} )
E.E L 2 Acme a :
! ! asive cline 18
v Prodromal 2 l5ie Dheee ! biaee B
. @) 2.0 ' - g
v Invasive g o2 : '8
3le! 8! ) i E
v Acme Sl3i8! 5 ! §
. ‘€ =@ ! i 1@
 Decline 5|18/ Mot ! Declining ‘E
/ Convalescence 353! conesna | mprome =
E|Sia | symptoms | !
z 31 1 1
21/ ) i
| i
ol : X
Time —
Incubation Phase
Herpes virus - DASSIES A HePRLLiE P ®
v No signs or symptoms. Influgnza Hoglworm Leprogy
Infectious mononucleosis
v No tissue damage Plague
Mumps
Rocky Mountain
spotted fever Pinworms
} Rabies :
Rubeola Canine rabies
Rubell
Salmonella ’u_ea‘”
(md po:sonmgz Syphilis
Tetanus

Whooping cough

L L L . L —— L

7 14 21 1
days days days month months months year years years




Prodromal Phase

v Local redness and swelling, headaches,
general aches and pains

v Release of toxins has started to cause
tissue damage

Invasive Phase

v Cough, sore throat, fever, swollen
lymph nodes, rashes, nasal congestion,
specific pains, nausea, vomiting,
diarrhea

v Result of toxins, and stimulation of
vomiting and diarrhea

Acme phase

v All signs and symptoms are at peak
intensity

Decline Phase

v Signs and symptoms subside

v Host defense mechanisms are
contributing to overcoming of infection

Convalescence Phase

v Regaining of strength

v Tissue repair continues; no signs or
symptoms

Acute

Chronic

Latent

Organism disappears after
illness; usually immunity
to reinfection exists
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Pathogenicity

v The capability of an organism to cause a
disease or to establish an infection.
®Characteristics of the organism.
« Ability of host to resist infection.
= Primary pathogens
cinfect healthy individuals
= QOpportunistic pathogens
<Normally part of our normal flora
= \/irulence

<The degree of the ability of a pathogen to cause a
disease

Copyi
Table 19.2b Exotoxins Produced by V:

Staphylococcus aureus

Streptococcus pyogenes

Toxins Name of Disease; Characteristics Mechanism Page
Name of Toxin of the Disease Reference
llllll TOXINS (cytotoxins)—Disrupts plasma membranes.

Clostrdium perfiingens ~ Gas gangrene; c-toxin Extensive tissue damage Removes the polar head group on the phospholipids

in the membrane, destabiizng ts integrity p.701

 other infections;  Accumulation of pus nes, forming pores that allow p.693

s and other infections;  Accumulation of pus s into membranes, forming pores that allow p.565
streptolysin O flids 1o enter,

SUPERANTIGENS—Overrides the specificity of the T-cell response.

Nausea and vorniting p.812
toxic _Fever,vomiting,diahea, muscle oxic e p.641
aches, rash, low blood pressure se o cytokines.
wic shock; Fever, vomiting, dianthea, muscle  Systemic toxi effects due to the resulting massive p.566
streptococcal pyrogenic aches, ash, low blood pressure  release of cytokines.
exotoxins (SPE)
OTHER TOXIC PROTEINS
Staphyfococcus aureus Separation o the outer layer k ester bonds that hold the layers of p. 538
of sk
Various organisms Tissue damage idsand other compounds that

Virulence factors

v Virulence factors are properties of the
organism that enhance its
pathogenicity.

v Help the pathogen cause the disease or
aid in the infection process.
®Toxins
eFExtracellular enzymes
=Cellular factors

Toxins

v Toxins have a damaging effect on cells
and tissues of the host.

®Exotoxins are secreted into environment
surrounding the pathogen.

=Endotoxins are part of the cell.

Exotoxins

v Proteins.

v Produced by either Gram positive or
Gram negative bacteria.

v Highly specific effect on host.

v Can be destroyed by heat or
chemically.

v Form toxoids.
v Stimualte the production of antitoxins.

Endotoxins

v Usually endotoxins are components of
the outer membrane.

v Gram negative bacteria only.

v Polysaccharides.

v Very heat-stable

v Do not produce toxoids.

v Often associated with fever and shock.




Extracellular enzymes

v Role in the infection process,
particularly invasiveness.
=Penetration with hyaluridonase.
| ecithinase lyses tissue cells.
=Coagulase transforms fibrinogen into fibrin.
«Hemolysins lyse red blood cells.

Cellular factors

v Capsules prevent phagocytosis by
white blood cells.

v Pili aid in adherence to host cell
surfaces.
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1. Invasive pathogens reach 2. Pathogens produce hyaluronidase 3. Pathogens invade deeper tissues
epithelial surface

Enzyme virulence factors

Pathogens Coagulase Blood clot Streptokinase
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1. Pathogens produce coagulase 2. Blood clot forms around pathogens. 3. Pathogens produce streptokinase,

dissolving clot and releasing bacteria




Cholera toxin

Intestinal epithelial cells

Lumen of small
intestine

Normal ion movement, Na* from lumen
to blood, no net CI~ movement

GM1
v:brro cholerae toxin

Vlbrm cholerae cell

Bacterial colonization of the small xmestlne Production
and binding of chorlera toxin o GM

Cholera toxin (cont.)

e LA
Adenyl cyclase
ATP—>Cyclic AMPL- > or
YA
Na*movement blocked,
Activation of epithelial net CI~ movement to lumen
adenyl cyclase by
cholera toxin
Na*
H,0
o
Massive water movement
to the lumen.

Osmotic balance upset, leading to diarrhea.

Tetanus toxin

Relaxation
signal from
central nervous.
system

Muscle
fibers

Tetanus toxin ( [ blocks Glycine (G) induces
release of glycine, relaxation and elongation
inhibiting relaxation of musce ficers

Botulism

Contraction
signal from
central nervous
system

Muscle

fibers
Acetylcholine (A) Botulinum toxin ( A}
induces contraction blocks release of A,
of muscle ficers inhibiting contraction

Diphtheria

The il in dij ia toxin action

Formation of toxin:
NAD complex

-—- Inactive EF

Factors that prevent infection

Lysozyme in "
(g:rs ;ng other Removal of particles by
secretions rapid passage of air over

ciliain nasopharynx
Normal flora

Mucus, cilia lining trachea

am;sical Blood proteins
barrier) t— Lungs
fatty acids,
normal flora
Stomach

H 2)
Rapid pH (PH2)
change

Normal flora

Flushing of
urinary tract




Normal Flora

Nose
Staphylococcus
Staphylococcus
Corynebacterium speci

Le
Veillonela species
Throat
E

c cies
Haemophilus species
Neisseria species
Mycoplasma species

Lactobs
Streptococeus species.
Candida albicans ‘Streptococeus species.
ium species
Escherichia coll
Bacteroides species

Protective role

v Prevent pathogens from attaching
v Consume available nutrients

v Produce toxic compounds that inhibit
other microbes

v Prime the immune system

Dynamic nature

v Composition of normal flora changes
due to
«Hormonal changes
«Type of food consumed
& Antibiotics




