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Review the major characteristics of bacteria, fungi, viruses
and parasites.

Describe the differences between Gram-negative and
Gram-positive bacteria.

Summarize how microorganisms cause disease.
Recognize the stages of an infectious disease.
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Microbiology

« Bacteria
* Fungi

* Viruses
* Parasites
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Relative Sizes and Detection Devices
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The Bacterial Cell

DNA

| Cytoplasmic
Flagella Wall / Plasma
Membrane
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Cell Wall

* Function
— Provide rigidity and structure
— Prevents osmotic lysis

« Main component of cell wall
— Peptidoglycan
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Cell Wall: Gram Positive vs. Gram Negative

Key Features:
Thick peptidoglycan layer
Lipoteichoic acid
Teichoic acid

— Lipoteichoic acid

Teichoic acid

Peptidoglycan

S S S I —

membrane

Integral
proteins

Key Features: Gram Negative Cell Wall
«  Thin peptidoglycan layer
Inner & outer membrane
Periplasmic space

LPS O-chain (also called O-antigen)
Core polysaccharides LPS
Llpld A
Porin Outer membrane
Periplasmic
space

Inner membrane

Integral

. . proteins
LPS = Lipopolysaccharides



* Purpose

— Rapid preliminary organism identification by direct visualization in
patient specimens

— Detection of different organisms present in the same specimen
— Detection of organisms not easily cultivated in the laboratory
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Spirochete
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Gram-positive cocci
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Examples of Important Pathogens for IPs

« Gram-positive bacilli « Gram-negative bacilli
_ Bacillus — Acinetobacter baumannii
_ Clostridium — Bordetella pertussis
— Enterobacterales
* Escherichia coli
- Gram-positive cocci * Klebsiella spp.
— Enterococcus . Enteropacter cloacae
« Serratia marcescens
— Staphylococcus — Legionella pneumophila
— Streptococcus — Pseudomonas aeruginosa

« Gram-negative cocCCi
— Neisseria meningitidis
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The Bacterial Cell

DNA
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» Help bacteria survive in harsh
environments

' | 3
. . }J *
« Results in increased stability - % -

N |
to antimicrobials and T PRE N
disinfectants , :
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« Important bacteria that - ' o Farit
produce endospores
— Bacillus

— Clostridium



- Help bacteria evade the
host immune system

 Allows bacteria invade body
sites resulting in invasive,
serious infections

Harriott

- Examples:
— Neisseria meningitides
— Streptococcus pneumoniae



Mycobacteria

 Due to differences in the
cell wall, they do not
Gram stain

A special stain (acid-fast
stain) is needed to
visualize microscopically

« Often referred to as AFB



Mycobacterial Cell

Surface glycoproteins

Lipoarabinomannan Surface proteins
Mycolic acid
Arabinogalactan
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Mycobacteria

« Overall mycobacteria grow slower than other bacteria

« Terminology
— Slow growing
« Example: M. tuberculosis
— Rapid growing
* M. fortuitum, M abscessess

— Atypical

- Often, any species other than M. tuberculosis is referred to as atypical
or non-tuberculous mycobacteria (NTM) .
TN
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Antimicrobial Agents: Antibiotics

 Antibiotics take advantages of the differences in the
human vs. bacterial cell
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Antibiotics Targets

Cell Wall Synthesis . Nucleic Acid Synthesis
Folate synthesis
Sulfonamides
Beta Lactams Trimethoprim DNA Gyrase
Penicillins Quinolones
Cephalosporins
Carbapenems RNA Polymerase
Monobactams Rifampin
Vancomycin
Bacitracin
50S subunit
Macrolides
Clindamycin
Linezolid
Chloramphenicol
Cell Membrane 30S subunit Streptogramins
Polymyxins Tetracyclines

Aminoglycosides Protein Synthesis

http://upload.wikimedia.org/wikipedia/commons/0/08/Antibiotics_Mechanisms_of_action.png
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 Eukaryotic
— Have cell walls

 Can exist as

— Yeast
— Molds
— Both (dimorphic)
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The Fungal Cell

Fungal cell

Cell membrane and cell wall
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 Unicellular

* Reproduce by budding or fission
—“Mamma cell” pinches off to produce “daughter cell”

Candida albicans, Harriott, 2012 Candida albicans, Harriott, 2011 TN

®



 Multicellular

- Have reproductive
structures called spores or
conidia
— Usually, the infective form of

the organism

* Form hyphae - long string-
like structures

- Hyphae form mat-like
masses called mycelium

Conidia and Hy

Harriott, 2008



Important Fungi

* Yeast

— Candida species
« Candida albicans
« Candida auris

- Mold
— Aspergillus
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Antimicrobial Agents: Antifungals

- Antifungals take advantages of the differences in the
human vs. fungal cell
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Antifungal Targets

Cell wall
Inhibition of: Inhibitors of:
Protein synthesis Glucan synthesis
Sordarins Echinocandins

Chitin synthesis
Nikkomycin

Azasordarins

Endoplasmic
7 reticulum

Nucleus

Cell

membrane

Inhibitors of:

Ergosterol synthesis
Azoles
Allylamines

Nucleic acid
synthesis
Flucytosine

Mitochondria

Disruption of: Direct membrane
Microtubules and damage
inhibition of mitosis Polyenes
Griseofulvin

Copyright © 2009, 2005, 2002, 1998, 1994, 1990 by Mosby, Inc., an afiiliste of Elsevier Inc. Al rights reserved.
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What is a virus?

« Avirus is an infectious agent.
« Avirus is an obligate intracellular organism.

« Upon release into the cell, the viral genetic material

redirects the genetic and metabolic apparatus of the host
to produce new virus particles

* The genetic material in the virions (virus particle) is either
DNA or RNA, but NOT both.
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Relative Sizes and Detection Devices

im 1dm ftecm 1mm 100pm 10pm 1pm 100nm 10nm 1nm 1& 0.13
1m 10'm 102m 103m 10“%m 10°m 10%m 10"'m 10°%m 10%m 10'%m 10""m

Molecule Elec(ron
Orbltal

g Atom

Size range: 20-300 nm




Viral Structure

 Capsid

— Coat that protects genetic (Non-Enveloped)
material

+ Envelope Envelope

— Some viruses have an
envelope surrounding the
capsid

* Plays a role in stability O
against disinfectants
Capsid

Nucleic acid
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Antimicrobial Agents: Antivirals

« Most antiviral agents target pathways of viral reproduction
cycle
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Antiviral Targets

Viral uncoating
(effective against
influenza A virus)

Amantadine
Rimantadine

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Eukaryotic
host cell

‘ Uncoating
\ Nucleic acid synthesis

\(viral enzyme directed)

Viral particle production

Assembly and release

of viral particles

(effective against HIV)

Protease inhibitors

(effective against influenza viruses)
Neuraminidase inhibitors

Nucleic acid synthesis
(effective primarily against
herpesviruses and HIV)
Nucleoside analogs
Non-nucleoside polymerase inhibitors
Non-nucleoside reverse transcriptase inhibitors
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Types of Parasites

 Ectoparasite
— Parasite that lives on the out surface of its host
— Examples: lice, mites, ticks

- Endoparasite
— Parasite that lives within its host
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Classification of Parasites

* Protozoa - single single-celled organism
* Metazoa / Helminths - multicellular worms

* Animalia - arthropods

— Examples:
» Sabies (Sarcoptes scabiei)
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Protozoa

Red = Intestinal pathogen
Blue - urogenital pathogens
Green = blood and tissue parasites
Parasites that may affect the Gl and blood and
tissue are red and green.

Amoebas

Blastocystis hominis
Entamoeba coli
Entamoeba hartmanni
Entamoeba
histolytica/dispar
Endolimax nana
lodamoeba biitschlii
Entamoeba gingivalis
Acanthamoeba
Naegleria fowleri

Move by extending
cytoplasmic projections

Flagellates

Chilomastix mesnili
Dientamoeba fragilis
Giardia lamblia

Pentatrichomonas hominis

Trichomonas vaginalis
Leishmania
Trypanosoma

Ciliates Apicomplexa

Cryptosporidium

Balantidium coli

)

Move by rotating whip
like flagella

Cyclospora
Cystoisospora
Sarcocystis
Babesia
Plasmodium
Toxoplasma

J

Move by synchronous

Usually have non-motile
beating of hair-like cilia

adult forms




Metazoa

Blue = Urogenital
Green = Blood and Tissue

Red = Intestinal

Nemathelminthes
(Roundworms)

Intestinal

L

Anisakis
Ascaris lumbricoides
Enterobius vermicularis

Necator americanus /
Ancylostoma duodenale

Strongyloides stercoralis

Trichuris trichiura

J

Platyhelminthes

Blood / Tissue

Cestodes
(Tapeworms)

Trematodes
(Flatworms)

Brugia malayi

Loa loa
Mansonella species

Filaria

Onchocerca volvulus

_ Wuchereria bancrofti

Ancylostoma braziliense &
canium

Dracunculus medinensis

L

Diphyllobothrium N

latum
Dipylidium caninum
Taenia saginata
Taenia solium

Echinococcus
granulosus

)

Trichinella spiralis

Toxocara

{

o

Clonorchis sinensis
Fasciola hepatica

Fasciola buski
Heterophyes heterophyes
Metagonimus yokogawai
Paragonimus westermani

Schistosoma haematobium
Schistosoma japonicum

Schistosoma mansoni



Example Parasites

Pediculus corporis —

Giardia lamblia - trophozoite Taenia saginata- adult tapeworm adult body louse
& TR ;

F . 3 Harriott, 2014
- S - oot i
Harriott, 2021

Harriott, 2014
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Parasites

- Not many parasites involved in HAls

 Antiparasitic agents have a variety of targets
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Host-Pathogen




How do microorganisms cause disease?

* It's a balance between the host and the pathogen!

®
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Host factors Microbial factors
General state of health * Level of virulence
Integrity of surface defenses * Number of organisms
Capacity for inflammatory and introduced into host
immune response * Body sites pathogen targets
Level of immunity for invasion
Impact of medical

intervention

Potential Outcome




» Microorganism (or organism)
— Microscopic organism (i.e. bacteria, fungi, virus, parasite)

- Pathogen
— A microorganism that causes disease

* Colonization
— Microorganisms present in the body without causing disease

* Infection
— Microorganism causing illness
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Path to Infection

* Phase 1: Contact with the host

—Transmission (direct, indirect)
— Evasion and survival of host primary defenses

— Colonization
« Adherence
e Proliferation

* Phase 2: Production of disease

—Invasion and inflammation

— Toxin production
+ Exotoxins

— Immunopathogenesis —

®



Example: Pertussis

* Transmission
— Respiratory droplets

 Evasion and survival of host's primary defenses
 Colonization

— Adheres to ciliated epithelial cells in the trachea
— Proliferates

* Produces disease
— Pertussis exotoxin and tracheal cytotoxin cause death and sloughing

of ciliated cells

-



Typical Stages of Infectious Disease

Time between acquisition of

Incubation period organism and beginning of
symptoms

Prod rome Non-specific symptoms

Asymptomatic

Characteristic signs &

SpeC|f|c-|IIness period

/ l \ symptoms
Recovery Carrier Latency
* lllness abates * Organism shed * “Dormant state”
* Patient recovers * Patient may be
to healthy state clinically well TN




What about TB?

* Infection vs. Disease

®
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Inhale MTB

MTB in alveoli

|

MTB reproduce & survive in
macrophages

|

Lesion (granuloma)

begins to form )
Infection / & \

Bacteria Lesion Bacteria
cease to liquifies i
90% asymptomatic q coughed up in
row;
S 7 ' 20% of cases SpUtum
lesion
calcifies May spread

to blood,
5-10% of
cases organs
Reactivation

Adapted from Bacterial Pathogenesis,
Salyers & Whit
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Infection =~ Disease
Alveoli with MTB
* Immunocompetent

* Immunodeficient
* Deficient cell-mediated response

* Intact cell-mediated response

Reactivation

Granuloma is not contained

* Necrotic tissue undergoes liquefication
and fibrous wall loses structural
integrity.

Material can drain into

Granuloma is contained
* Lesion undergoes fibrosis and 9

calcification, containing MTB
* Patient not infectious

1. Bronchus (coughed up, infect others)
2. Blood vessel (extrapulmonary TB)




What about C. diff?

* Infection vs. Colonization

®

TN



Infection vs. Colonization

Asymptomatic colonization

Factors controlling C. difficile
- Colonization resistance

- Bacteriocin secretion

- Bile acids composition

- Increased IgA levels

C. difficile infection (CDI)

Gastric Acid

fo

0.. C. difficile spores

Stomach
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Small Intestine
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to C. difficile spores
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Stomach

1
Age Antibiotics
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Pathogen expansion
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Schéffler, H., & Breitrlck, A. (2018). Clostridium difficile - From Colonization to Infection. Frontiers in microbiology, 9, 646.

https://doi.org/10.3389/fmicb.2018.00646
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 Bacteria, fungi, viruses and parasites are different, each
with unique characteristics

* The Gram stain is still important in the clinical lab

—Gram-positive and Gram-negative bacteria are different
based on cell wall features

 To cause disease microorganism must overcome host
barriers and / or produce factors to cause infection

« The infection process, no matter what infection goes
through typical phases
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Questions?

Melphine.Harriott@tn.gov
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