Healthcare-Associated
Infections (HAI)
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) Al alia s o5l o
= Methicillin-resistant S. aureus (MRSA)
= Methicillin-resistance-Coagulase-Negative-Staphylococci (MRCoNS)
= VVancomycin intermediate S.aureus (VISA)
= VVancomyecin resistant S. aureus (VRSA)
= \Vancomycin resistant Enterococci (VRE)
= Carbapenemase resistance Enterobacteriacae (CRE)
= Acinetobacter baumanni complex
= Multi-drug resistant Pseudomonas aeruginosa
= Stenotrophomonas maltophilia
= Burkholderia cepacia complex
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Purulent Diseases

5°) GRAM-POSITIVE COCCI
INFECTIONS: STAPHYLOCOCCUS

v Clusters ~/Catafass-pasii::‘ve vNon-motile ~No spores

Folliculitis Furuncles/boils Carbuncle

Facellimbs.

| Flat, red areas
w/pustules.

Impetigo

S. aureus
Virulence Factors TR o o I
Structural Hair follicle infection.  Raised, Pus-filled.  Deeper tissues;
- Capau[e@ bacteremia
Cell Wall / Teichoic acid — bind fbronectin Pneumonia & Empyema Osteomyel:tls Septic arthritis
- ' " s . 53'. f; glb-j:y TR
. ;- / o |L- \ i ¥ _,_:‘ .i?" Vegemtmns et W Children
3 Lipoteichoic acid @OOTNF Wew e impair cardiac g )
_—Peptidoglycan — en utoxm -like - functions & —
ects can embolize E;ms mz;l
g @ Consolidation/abscesses. J Pain &
Protein A Q%g; o C3b Pus in pleural cavity. ~ 56855— fever ‘Ejs:“ttarge

Toxin-Mediated

. Biofilm formation _&
Toxins

Cytotoxins Exfallatwe (A&B) Strat Scalded Skin Syndrome Toxic Shock Syndrome _ —
aB oy B ~ grarr?u osurm N Epithelial Fever, hypotension, rash w/peeling 'CoétgaU|ﬁsﬁj_§oec%itéve'
P-V leukocidin | ’ ‘ _ pny
i desquamation Prosthetic joint & valve
; nzymes
Enterotoxins ﬁ Children/ infections;
T-CELL _ Gfﬂéll'l ase 5 newborns Catheters & shunts.
5 a e \P{erlﬁgalsls Fibrinogen — Fibrin T S. epidermidis
o omiting L Food Poisoning . -
Fibrinolysin %@ Can damage multiple organ systems = S. saprophyticus
Toxic shock syndrome toxin-1 Hyaluronidase ; Urinary tract infections
d egrade connective ; Enterotoxin © (‘\J S. lugdunensis

T-CELL -~
”.."1 & 2)
0 TNF

| iesue ECM Nausea,
elease free fatty acids \ - vomiting,
*Superantigens — Nucleases diarrhea

ETA, Enterotoxin, & TSST-1 Degrade NETs

Endocarditis (native)
@ S. haemolyticus



GRAM POSITIVE COCCI
Staphylococcus %ﬁ;
S. aureus

€ COAGULASE & CATALASE
INFLAMMATORY ToXIN-MEDIATED
Skin I . Toxic Shock Syndrome
lmpetigoﬁ g Sudden fever >38°C
Furuncles, ., Pharyngitis
L. \Q Glupset

T Erythroderma

Endocarditis

g s
Desquamation i
Lungs Scalded Skin & @ %
Pneumonia Syndrome ’
i

Bores \ ..
ones/Joints )
Osteomyelitis @?) Food Poisoning %

Septic arthritis @




E. faecalis & E. faecium
a/y - hemolytic
Formerly GDS

Easily adheres to host tissues JCSO
Surface proteins, pili, biofilm formation__ —
Antibiotic resistance

Urinary Tract Infection

>

Peritonitis

Endocarditis




() GRAM POSITIVE COCCI: OVERVIEW GRAM POSITIVE COCCI - hemolyic

'®) JQ . HEMOLYSIS 3 - hemolytic
Staphy/ocﬁifﬂj 3 c CéStreptococcus & Enterococcus Y - hemolytic

& S. aureus | | .
COAGULASE '© - hemolytic - hemolytic - hemolvtic
w=) 5. epidermidis & S. saprophyticus s 4 B y y y

BAcITRACIN (W) Group A GrowTH ¥ Enterococcus

gPTOCHIN 5. pneumoniae
SENSITIVITY = Group B INT NACL ~ (FKA Group D)

ENSITVITY e Viridans Group

S. pneumoniae Group A — E. faecalis & E. faecium

¥ Methicillin-resistant Staphylococcus aureus

INFLAMMATORY ToxIN-MEDIATED £
; i +/ Preumonia = g ernes @ » Vancomycin-resistant
Skin ;= Toxic Shock Syndrome v Pharyngitis _ enterococci (VRE)
Impetigo Sudden fever >33°C ‘/' Scarlet fever poss. ¢ Nosocomial infections
Furuncles, Pharyngitis Soft Tissue i
ete... \Q I \/Otitis MEdia HE ! lmpetigo’ !era'ry tract
Glupset &Sinusitis | o o Erysipelas Inection

7608 Erythroderma 5 = Cellulitis,
eark 1 ,\\@, \ S “Necrotizing v Endocarditis
Endocarditis |\ ; oy

N/ Desquamation——_ % +'Meningitis @ fascitis v Peritonitis
Lungs Scalded Skin « /';s‘ v Toxic shock syndrome v Bacteremia
Pneumonia Q Syndrome \,’ JDBIayed Antibody-Mediated

é; il |

glomerulonephritis
‘/E’,:ﬁ’gg;‘} itits ( =Rheumatic Fever
& Heart Disease )

> Viridans Group " Post-streptococcal 77 .

Bones/Joints =3
Osteomyelitis |[<=>= o
Septic arthritis | / Food Poisoning

S. epidermidis Grotp 8 — - KMeningitiq
. ; S. agalactiae Phenutiionia
v Medical Device Infections v Denttal caries g v Neonatal infectionsy \ Bacteremia
" Prosthetic joints ':;' S. saprophyticus J
& valves, Catheters 2y +/ Urinary Tract Infections v Adult infections Q ;ﬁ
& shunts. = Bacteremia, Pneumonia,
Sepsis BonelJoint/Soft tissue



<=\ GRAM-POSITIVE RODS:
SPORE-FORMING, Part 2

Clostridium vRapid growth v Anaerobic vIntestinal tract, sewage, water, soil

v Histolytic toxins, enterotoxins, neurotoxins

C. difficile ¥ Antibiotics suppress Diarrhes
v Fecal-oral non-pathogenic colon fiora. Toxin B: Destroys enterocyte o Colitis
transmission. < Metronidazolelvancomycin cytoskeletal integrity @ Epithelial
Relapse is common; tight junctions
v Common colonizer. ’ in colon.

Fecal transfer.

Toxin A: Enterotoxin that attracts neutrophils =)
& Increases intestinal wall permeability. @9

Binary toxin (CDT): Adherence & cell death/
eosinophil suppression (some strains).

Pseudomembranous Colitis

C. perfringens Alpha toxins (all typ es

v Spores rarely seen clincially. < 5 Proper wound care

v Colonies are flat, irregular.

v 8-hemolytic.
 Subtypes based on %Refmgeratmﬂ Enterotoxin: Alters intestinal membrane
toxin production. Thoroughly re-heat (>74°C). permeability; fluid & ion loss (superantigen).
"""""""""""" Tetanospasmin:
C. tetani \ & Wound debridement; Heat- Eablle neurotoxin.

Metronidazole;
Tetanus antitoxin.

‘E} Vaccination

Blocks release of inhibitory

neurotransmitters

(GABA, glycine).
Tetanolysin:

Oxygen-labile hemolfrsm

v Tennis-racket shape
v Oxygen-sensitive

v Spores survive in soil
v Wounds provide ideal

emolysis, vascular' eakage
liver toxicity, cardiac dys unction.

@ (-

Other toxins: Pore-forming; necrosis.

eurotoxin is endocytosed
transported along axon to
soma in spinal cord.

Excitatory activity is
unregulated.

Soft tissue infections: Myonecrosis — Gas Gangrene
Cellulitis, fasciitis, myositis, - o —

myonecrosis.

Necrosis &

% = 945 bubbles |

& Antibiotics, surgical debridement I

poisoning

Small Abd. cramps,
intestine  Watery diarrhea

Tetanus — Spastic paralysis

’ Fever sweatm

pregnancy.

w= Dack =%
= extension EE5

Maternal Tetanus — Assoc. w.’

—- Neonatal Tetanus — Infection
==+ spreads from umbilical stump.

& NO antibiotics.
Rehydration;
Self-limiting disease.

zz .

Lockjaw, Grimace, Opisthotonos Cephalic Tetanus — CN palay j-i= )

environment for growth. Promotes necrosis (2
C. botulinum Botulinum toxins A -G: Neurotoxin is absorbed from gut. Botulism — Descending,
Foodborne: E’E oil ho -canned foods; A, B, E most common Enters motor neurons. Flacid paralysis @
Y Spores con lscar amagea cans. Blocks ACh release at peripheral Blurred vision with

Spores contaminate Toxins are preforted.
vsgetables & meat :’H

’ 1 \ DoNOT give =
one = Canned goods -
Ti otected i HONEY honey toinfants |—_
Jggglgfo?nrteggmal’]c?act < Tyrold. ll: alkaline, anaerobic

)

motor junctions. dilated pupils,
(7 Metronidazole/penicillin; dry mguth.,
Botulinum antitoxin; constipation.

Gastric irrigation. Respiratory failure.
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GRAM-NEGATIVE RODS:
ESCHERICHIA COLI OVERVIEW

General Properties Virulence Factors Infections
+/' Colon Microbiome: Endogenous infection ";’Z"{i’:gggfgz’o’; e ef-uoi;ed via Eetraints Extlra-;:tes.tirElal HEPEQ

- P , o raintestinal pathogenic E. coli (Ex
v Water, 50il: Exog.enous infection plasm:dis, phages, & pathogenicity islands. Commensals: (;’pportunistic pathogens
v/ E. coli common pilus (ECP) v Endotoxin: Heat-stable LPS \iii , _ .
V' Flagellar motility A-antigen has endotoxin activity. Urinary Tract Infections (UPEC) Neonatal Meningitis (NMEC)
+/ Non-spore forming Core polysach. is common —— "Cvgllll Primary cause. 2nd. most common cause.
v/ Rapid growth; Facultative anaerobes O-antigen classifies E. coli serotypes. Type 1 &P pili Type | pili, OmpA /\ﬂ
' Catalase +/0xidase - v Exotoxins Drﬁmbrige. Ibe, CNF1 , C,‘\/)
 Baducasitrate Strain-specific; cell death, fluid loss. Hemolysin A K1 capsule (live bacteria)
V/ Ferment glucose Y Adhesin . "_“1 Septicemia

— Coli ili, fimbriae, strain-specific # :
' Ferment lactose — Coliforms surface antigens, p ‘ !}l]t%g]:t% g; g{! et;gg.t
v Type lll secretion systems N
Inject virulence effector Gastroenteritis
X proteins into host cells. lnteztinal pathoggr;ic 5./coli (IPEC)
Ty v Phase variation ontaminated food/water.
Eosin methylene blue Alter expression of 0, K, and flagellar H antigens & pili.
~ Gen Avoid immune system recognition. @ @ %g Fadionp e's
ANz ._ 7 o b :’/\< - Enteropathogenic (EPEC)
02X "' Rapidly acquired via HGT. INT%';'TAE NE Enterotoxigenic (ETEC)
v Siderophores, receptors, & transporters .
Acquife iron from Pf)osts. ¥ Enteroaggregative (EAEC)
. v Capsule ,NT%§$&% Enteroinvasive (EIEC)
MacConkey’s agar Protection from phagocytes @ : ; :
Pinkish-p):xrplg & serum killing. J @ Shiga toxin-producing (STEC)



Enterobacteriaceae

o Klebsiella sp
NF of GI tract, but potential pathogen in other areas
TSI A/A+ gas
LIA K/K
Urea +
Citrate +
MR-, VP+
Motility -
Has both O and K antigens




Klebsiella sp

Virulence factors
Capsule
Adhesions
Iron capturing ability

Clinical significance

Causes pheumonia, mostly in immunocompromised hosts.

« Permanent lung damage is a frequent occurrence (rare in other
types of bacterial pneumonia)

A major cause of nosocomial infections such as
septicemia and meningitis



KLEBSIELLA PNEUMONIAE

* GRAM-NEGATIVE ROD-SHAPED - % CAUSES

* FAMILY of ENTEROBACTERIACEAE i\ - HOSPITAL-ACQUIRED INFECTIONS
. ~ PNEUMONIA
~V - URINARY TRACT INFECTION'S

(3% MOST COMMON CAUSE of UTIs)

GASTROlNTESTINAL
TRACT

AN
(14!




STRAIN ACQUISITION
FROM ENVIRONMENT

HORIZONTAL GENE
TRANSFER

STRAIN DEPOSITION
IN ENVIRONMENT

CONTACT &
CONSUMPTION

K. pneumoniae f
& “
(o]

ENVIRONMENT

o Plasmld

\

¥(Gene \ } °

T .=

ANIMALS

EFFLUENT

CONTACT &
CONSUMPTION

CONTACT
HUMANS

SEWERAGE

K. pneumoniae strains
acquire AMR genes and
plasmids in all niches,

which they can carry between
niches and donate to other
human pathogens.

K. pneumoniae

/)\J

O
‘S\ /OC}

QO chromosome
O Plasmid

Other species

4 Gene



{ ;'. o-f i \ \\
Environment Lungs
>3
(2 gy
5 o Stomarch
Animals

small interstine

& \“.

Plants

Large interstine

Other species

45 gHe
Ty

Wy

Food aarr‘l(i’ r::'t;\panion Hospital spread Environmental spread Medical travel Silent colonization




(l':'?"hﬁrr’ggg gicx){; ) o Klebsiella pneumoniae
(it A %

Neonatal ,‘A — " N . 256
meningitis Ty — Meningitis
\vi # = ,‘{‘ / \
AN \ éﬁ /-x Upper respiratory
= ,\ tract infection

Cholecystitis
Gastroenteritis i
Pneumonia
Sepsis or
bacteriemia
Chron's disease
Diarrhea
Urinary tract
Hemorrhagic infection
collitis
Osteomyelitis
| Thrombophlebitis
Urinary tract
infection - -
Surgical site
infection




General Characteristics Pseudeomonas aeruginosa

v Gram-negative straight/curved rods

v Non-fermenters (no glucose)

+ *Aerobes

v Soil and Water

v Survive on trace nutrients (ex: distilled water)
v Grape aroma

v Oxidase-positive

v Flagellar & Pili motility

Virulence Factors

v Quorum sensing regulates production
of some virulence factors.

v' Factors work together in pathogenesis.

Opportunistic infections
v Hospital settings (moist areas)
v Innate immune deficiency
v Trauma (wounds)



PSEUDOMONAS

Pseudeomonas aeruginosa
v Pyocyanin (blue) & Pyoverdine (yellow-green)

Related Bacteria
Burkholderia cepacia Complex

—

Pulmonary, UTI, Bacteremia < tpp-smx

Burkoholderia pseudomallei
Melioidosis/Whitmore’s disease:
Cutaneous, Pulmonary < 1mp-sMmx

Stenotrophomonas maltophilia
Pneumonia, Bacteremia &’ TMp-SMX

Acinetobacter spp.

Respiratory Tract, Urinary tract, Wounds

7 Resistant toma ny antibiotics

Moraxella catarrhalis
Bronchi, Sinusitis, Otitis.
p
& Penicillin-resistant

« Gram-negative straight/curved rods
v Flagellar & Pili motility

General Characteristics
v Non-fermenters (no glucose)

v Oxidase-positive v Grape aroma

Virulence Factors

Quorum sensing regulates production
of some virulence factors.

Factors work together in pathogenesis.
Adhesins & Pili Polysaccharide capsule
With Alginate
Biofilm production Antiphggocytic @

; Anti-antibiotic )/
Endotoxin (LPS) Up-regulated in chronic
Sepsis, shock respiratory disease (CF)

<< Exotoxins & Enzymes — Type Il secretion systems, etc.
EXOTOXIN A ExoeNzyMmEes S5, T,U,Y
Inhibits protein synthesis 5 &Tdisrupt actin
Tissue necrosis cytoskeleton,
Induce cell death
PYOVERDINE
Exotoxin A secretion U is cytotoxic ﬁ
Siderophore (iron) Alveolar epithelia
Macrophages
PYOCYANIN
#YSuperoxide & Hydrogen peroxide Y causes edema
Neutrophil apoptosis g ELASTASES
53 LasA & LasB
——~ Cilia & mucosal cell damage /
Dec{radg complement
ALKALINE PROTEASE t&e astin

Complement inhibition

Tisas destuction Anti-Elastase antibodies

form immune complexes

@Q Tracheobronchitis
Pneumonia w/ necrosis

v *Aerobes  Soil and Water

v Survive on trace nutrients (ex: distilled water)

Opportunistic infections
Hospital settings (moist areas)
Innate immune deficiency

Trauma (wounds)

Skin & Soft Tissue infection
Burn wounds
Folliculitis — ¢

%2 Nail infections

Pulmonary

%Cystic fibrosis
Mechanical ventilation

Urinary tract infections

f};lndwelling
catheters

Osteochondritis J |
Puncture wound z/ )

Otitis externa Corneal infections /4

)

Mild: Swimmer’s ear Trauma; contact lenses
Severe: Diabetics, Elderly
Bacteremia g

V.
Antibiotic resistance

Intrinsic: Properties of cell walls
Acquired: Horizontal Gene Transfer
Adaptive: Environmental triggers

High mortality rate

%Multi-drug resistance;
Immunocompromised. A

Ecthyma gangrenosum

Necrotic, hemorrhagic
lesions




Colonization of

respiratory tract

Colonization
of skin

Pneumonia

Invasion and infection
of bloodstream

|

Urinary-tract
infection

Colonization and
infection of wounds

Colonization

* Adherence to host cells
» Resistance to inhibitory
agents and conditions of
skin and mucosal surfaces

 Biofilm formation
¢ Quorum sensing

Infection
« Elicitation of inflammatory

responses

 Cytotoxicity

Iron acquisition

« Resistance to serum and

complement activation

Environmental survival

» Resistance to desiccation, disinfectants
and antibiotics

« Use of various substrates for growth

« Biofilm formation on surfaces,
equipment and devices

« Quorum sensing for regulation of,
for example, biofilm formation




pm——

Contaminated equipment

Contaminated
environment

Airborne transmission

______ Aerosol
o droplets ®
Sputum
Scale_s -
of skin s
Colonized patient i
Hands of staff

€

Ventilation machine

© Susceptible patient



Acinetobacter baumannii

Meningitis

Pseudomonas aeruginosa

Pneumonia

Pneumonia

Catheter infection

Blor(l)fd stream
infection |7~ \_\\\

Urinary tract |
infection

Blood stream infection

Urinary tract infection

Implant associated

Lo | osteomyelitis

Surgical site I B
infection N UAAN A gl
g ® N “ Bl 4 - .
L2 AN o <) it




