Healthcare-Associated
Infections (HAI)
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S5 bl ol Sl gl
= Methicillin-resistant S. aureus (MRSA)
= Methicillin-resistance-Coagulase-Negative-Staphylococci (MRCoN5s)
* Vancomycin intermediate S.aureus (VISA)
* Vancomycin 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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%) GRAM-POSITIVE COCCI Curulent Diseases
] INEECTIONS: STAPHYLOCOCCUS Impetigo  Eaceflimbs. Folliculitis Carbunc[e h

v Clusters ¢Cata!ase-pasftive vNon-motile ~No spores -' ﬂ?;ﬁggﬂ]gfas

S. aureus

Virulence Factors
Structural

Cell Wall /Capﬁulﬂ @

Teichoic acid — bind fibronectin

Hair follicle infection.  Raised, Pus-filled.  Dee ertisues;
bacteremia
Preumonia & Empyema Osteomye[itis Septic arthritis

«. _ { _. Vggetatmng dulbs B . Children
NEwAGTN impair cardiac VA
A8 functions & s iy ,‘55
can embolize
Pa

Consolidation/abscesses. rP?;;:g;P;ga'J in& Esp. Large

Peptidoglycan — endotoxin-like
ects

Protein A Q%lﬂf o C3b
Toxins Biofilm formation _&

Pus in pleural cavity.

P

Toxin-Mediated

Cytotoxins Exfohatwe (A&B) Strat Scalded Skin Syndrome Toxic Shock Syndrome | -
a,B,6,y B aranulosum A Eithelial Fever, hypotension, rash wipeeling ~_ Coagulase-Negative
PV leukocidin | gypricia Staphylococcus
Vleukocidin | S E desquamation Ay Prosthetic joint & valve
; nzymes
]I_Enterotoxms m Children/ 380@ . gfeﬁtlons,& )
“CELL__ ; newborns _, atheters & shunts.
3B~ O " Peristalsis  Fibrinogen — Fibrin : -
e'a - --—’" & Vomitin y Food Poisonin S. epidermidis
. g Qo g
MaST CELL Fibrinolysin %\ Can damage multiple organ systems  S. saprophyticus
Toxic shock syndrome toxin-1 Hyaluronidase f . Urinary tract infections
T Leaky vessels egrade connective Enterotoxin © (\‘, S. lugdunensis
CEL“} -18&2, tissue ECM 1
TNF

i Linaces Nausea, Endocarditis (native)
*Superantigens — Nucleases : diarrhea :
ETA, Enterotoxin, & TS5T-1 Degrade NETs |



GRAM POSITIVE COCCI

Staphylococcus
S. aureus
€ COAGULASE & CATALASE
INFLAMMATORY ToxIN-MEDIATED
Skin L Toxic Shock Syndrome

Impetigoﬁ g Sudden fever >38°C
Furuncles, , Pharyngitis
L. \Q Glupset

Erythroderma

Heart ;g‘
Endocarditis &\’ Desquamation

Lungs Scalded Skin & @9 Y
Pneumonia Syndrome J
Bonesl. \ &=
ones/Joints )\

| Food Poisoning %

Osteomyelitis ﬁ

Septic arthritis



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

Easily adheres to host tissues quo
Surface proteins, pili, biofilm formation__ )
Antibiotic resistanc

Urinary Tract Infection

>

Peritonitis

Endocarditis




@ GRAM POSITIVE COCCI: OVERVIEW GRAM POSITIVE COCCI o hemolytic

@) _(Q HEMOLYSIS B3 - hemolytic
Staphy/ocﬁu—i§5j 9~ Q CéStreptococcus & Enterococcus Y - hemolytic

COAGULASE \'b ) 5. aureus

=) 5. epidermidis & 5. saprophyticus

o - hemolytic B - hemolytic vy - hemolytic

gPTOCHlN @5. pheumoniae | | BACITRACIN d'/ GraupA GROWTH + Enterococcus
ENSITVITY e Viridans Group SENSITIVITY =) Group B INT NaCL (FKA Group D)

:Méfﬁicﬂli’n—resistant Staphylococcus aureus :
’ Py S. pneumoniae Group A — E. faecalis & E. faecium

INFLAMMATORY ToXIN-MEDIATED
, , +/ Pneumonia > pyogenes @ Vancomycin-resistant
Skin /gé Toxic Shock Syndrome v Pharyngitis _ enterococci (VRE)
Impetigo Sudden fever >38°C “Scarlet fever poss. Nosocomial infections
Furuncles; Pharyngitis v/Soft Tissue VI
etc... \Q v/ Otitis Media | =0 - Impetigo, Urinary tract
Glupset &Sinusitis | o o Ery5|pela5 f Inection
Erythroderma = Cellulitis,
Heart Q Necrotizing v Endocarditis

Endocarditis \\, Desquamation V' Meningitis é,@ y fasciitis v Peritonitis
Lungs Scalded Skin & @ % ‘/TO)I“C 5h‘f:k ?Y“dmae ' v Bacteremia
Pneumonia Syndrome ’ Delayed Antibody-Mediated

A 3 Viridans Group =Post-streptococcal 77
- glomerulonephrutus

Bones/Joints ) : +/Subacute > = Rheumatic Fever
Osteomyelitis % Food Poisoning %\ endocarditits \Q\" ‘ & Heart Disease %5

Septic arthritis
Group B —
' S. agalactiae

v Dental caries v N
S. saprophyticus A, 4 Neonatal infections

+ Urinary Tract Infections v Adultinfections Q/ ;ﬁ

* Bacteremia, Pneumonia,
BonelJoint/Soft tissue

Meningitis
Pnenutmonia
Bacteremia

S. epidermidis
v Medical Device lnfectlon

" Prosthetic joints ‘ r'
&

&valves, Catheters
& shunts.

Sepsis




2\ GRAM-POSITIVE RODS: Clostridium ¥Rapidgrowth  Anaerobic vIntestinal tract, sewage, water, soil

SPORE-FORMING, Part 2 vHistolytic toxins, enterotoxins, neurotoxins
Togi n| A: Enterotoxin thzﬂl; attl;lracts negtirophllﬁ
iffici nereases intestinal wall permeability. A,
C. difficile  Antibiotics suppress P y N Diarrhea
non-pathogenic colon flora. e
< Fecal-oral Toxin B: Destroys enterocyte o Colitis
transmission. é”F{Ae{tromc_iazo]e!vancomycm cytoskeletal integrity @ E%’;Eﬂ': l,ti ons
elapse is common; h
v Common colonizer. gy fyncron Binary toxin (CDT): Adherence & cell death/ in colon. T W e
eosinophil suppression (some strains). Pseudomembranous Colitis
C. perfringens Alpha toxins (all typ es Soft tissue infections: Myonecrosis — Gas Gangrene
« Spores rarely seen clincially. ¢ o Proper wound care liver toxicity, cardlac dys unctlon Myonecrosis. P, 5':56 Lﬂi‘;g;
v Colonies are flat, irregular. Other toxins: Pore-forming; necrosis. O Antibiot: _ , R
+ B-hemolytic. Antibiotics, surgical debridement :
v Subtypes based on ‘(’? Refrigeration; Enterotoxin: Alters intestinal membrane & NO antibiotics.
toxin production. Thoroughly re-heat (>74°C). permeability; fluid & ion loss (superantigen). Small Abd. cramps, Rehyc?ra‘tion; .
intestine  Watery diarrhea Self-limiting disease.
........................ Y ——— Tetanus — Spastic paralysis e
C. tetani \ @ Egt:gnﬁljggﬂgment Heat-labile neurotoxin. eurotoxinis endocytosed Iﬁockjaw Grimace, Opisthotonos Cephalic Tetanus — CN palsy j* )
v Tennis-racket shape ~ Tetanus antitoxin. E;ﬁilgirﬁgﬁ;‘frg‘hlblww transported along axon o over, 5 5watm Vaternal Totane — Assoc.wl
v gxygen—ﬁensitive | $ Vaccination  (GABA, glycine). :0"""”“ spinal cord. pregnancy.
v Spores survive in soi I Tetanolvsin: xcitatory activity is . .
v WI:und rovide ideal nyggn-labile hemolysin, unregulated. g | Pack s Neonatal Tetanus ~ Infection
environment for growth. Promotes ﬂBGI‘OﬁIé{ = extension EESGERS  spreads from umbilical stump.
i i : N inis absorb t. Botulism—D ing, ) /qm
CI; bd(;tu”{wm 'EJE oil ho -canned foods; 50;,"&?5%2@[];;%% E:g:;:or::)ﬁrieii;ngdﬁ‘am ” FIchéle;araly;:cendmg "
v S{EJ%regrg:ﬁ taminate '5‘53" amagea cans.  Toxins are preformed. —r )} Blocks ACh release at peripheral Blurred vision with .
vegetables & meat H \ DoNOT give @) Canned aoods - J motor junctions. dilated pupils, %
v Toxins protected in 101 honey to infants r alkalmegana erobic (7 Metronidazole/penicillin; dry mouth, .
gastrointestinal tract. < Tyrold, G Botulinum antitoxin; constipation. .
Gastricirrigation. Respiratory failure. J
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<\ GRAM-NEGATIVE RODS:
) / ESCHERICHIA COLI OVERVIEW

General Properties Virulence Factors O Infections
+ Colon Microbiome: Endogenous infection ~ Yirulence factors are aqcuired via Extra-intestinal
_ . , : Horizontal Gene Transfer of Extraintestinal pathoaenic E. coli (EXxPEC
v Water, soil: Exogenous infection plasmids, phages, & pathogenicity islands. cor:f.meniallz (?;pm?'fuennig}tic ;‘;é]ﬁogens]
+E. coli common pilus (ECP) v Endotoxin: Heat-stable LPS ““‘*—i}} , , o
V Flagellar motility A-antigen has endotoxin activity. Urinary Tract Infections (UPEC) Neonatal Meningitis (NMEC)
v Non-spore forming Core Ralysach. i's commonl @&:H Primary cause. 2nd. most comm?ﬂpiqa\
' Rapid growth; Facultative anaerobes 0-antigen classifies E. coli serotypes. Type | &P pili, Type pili, OmpA (e '\
v Catalase +/0xidase - v Exotoxins Dr fimbrie. Ibe, CNF1 i
v Reducenitrate Strain-specific; cell death, fluid loss. Hemolysin A K1 capsule (live bacteria)
:j SR e f ’ A;}[?Bﬁmgriae strain-specific | 3 Chpnicane
Ferment lactose — Coliforms ’ 2 g Urinary or Gl tract
. - surface antigens. : infect?c:n spreads.
v Type lll secretion systems N
Inject virulence effector Gastroenteritis
Y proteins into host cells. Intestinal pathogenic E. coli (IPEC)
by, v Phase variation . Contaminated food/water.
Eosin methylene blue Alter expression of 0, K, and flagellar H antigens & pili.
N GB” Avoid immune system recognition. @ @ . Fathotp e's
¥, v’ Antibiotic resistance A( Y EnterOpathogemc {EFEC]
i . Rapidly acquired via HGT. - Enterotoxigenic (ETEC)
v Siderophores, receptors, & transporters ,
AcquitFe iron from |}IJ05‘|55. d Enteroaggregative (EAEC)
A CE v Capsule . NT%@%’% Enteroinvasive (EIEC)
MacConkev's aaar Protection from phagocytes @ . ) ,
Pinkish—p?rurplg & serum killing. J @ Shiga toxin-producing (STEC)



Enterobacteriaceae

e 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
* FﬂMI LY of ENTEROBACTERIACEAE 3 HOSPITAL-ACQUIRED INFECTIONS
w ~ PNEUMONIA
Y ~ URINARY TRACT INFECTIONS

(3% MOST COMMON CAUSE of UTIs)

GASTROi NTESTI NAL
TRACT
A




STRAIN ACQUISITION
FROM ENVIRONMENT

CONTACT &
CONSUMPTION

K. pneumoniae t CONTACT &
(8
L

CONSUMPTION a

ENVIRONMENT

CONTACT
HUMANS

e g ——

CX Y _~‘

HORIZONTAL GENE e <
TRANSFER *(:ene o \\PjT e / €
\-__e/ Mo N
STRAIN DEPOSITION ©o ©79)
EFFLUENT SEWERAGE

IN ENVIRONMENT

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

Other species

QO chromosome
O Plasmid

4 Gene



Environment

Lungs
>
(2.9 g
3 2 Stomarch
Animals
m small interstine
Plants ‘ '
Other species Large interstine

; L \_ﬂ :
A\ . 2
y w1 | |I"_l
Food and companion

arhmals Hospital spread Environmental spread Medical travel Silent colonization



{5§Chﬁ31;€g§§i‘r’llé ) o Klebsiella pneumoniae
v’(_.-*; ) N :_L.

o —

Neonatal
meningitis

Meningitis

Upper respiratory
tract infection

Cholecystitis

Gastroenteritis

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

+ 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 General Characteristics
v Gram-negative straight/curvedrods  + Non-fermenters (no glucose) v *Aerobes « Soil and Water
v Flagellar & Pilimotility ~ « Oxidase-positive v Grapearoma + Survive on trace nutrients (ex: distilled water)

Pseudeomonas aeruginosa Virulence Factors Opportunistic infections
v Pyocyanin (blue) & Pyoverdine (yellow-green) ~ Quorum sensing regulates production Hospital settings (moist areas)
of some virulence factors. Innate immune deficiency
Factors work together in pathogenesis. Trauma (wounds)

Adhesins & Pili P‘;\'{){Eﬁiﬁgﬁnﬁig capsule Pulmonary Skin & Soft Tissue infection

' ' . ; (<]

Biofilm production Qntlphagﬁcytlc ] ﬁ Q Tracheobronchitis Burn wounds

| ; nti-antibiotic )~ i i Folliculitis — < *
Related Bacteria Endotoxin (LPS) Up-regulated in chronic Pneumonia w/ necrosis B it -

Burkholderia cepacia Complex Sepsis, shock respiratory disease (CF) $Cystic fbrosis “2 Nail infections
Pulmonary, UTI, Bacteremia < 1pp- - , , : i ilati
ooy ry , , I_TM_P il S~ Exotoxins & Enzymes — Type lll secretion systems, ete. Mechanical ventilation
Durkoholaeria pseudomaliei . . . P
MeliaidosiaWhithore's disaise: Exo.n?xmA . . EXOEN:Z.YMES S,T: u,Y Uf'marytractmfectlons Osteochondritis /__’J . [
Cutaneous, Pulmonary < 1yp-smx Inhibits protein synthesis 5 & Tdisrupt actin PIndwelling Puncture wound )
: J e Tissue necrosis cytoskeleton, ' sathatape 1
Stenotrophomonas maltophilia Induce cell death
Pneutmonia, Bacteremia &’ TMP-5Mx PYOVERDINE ' . _
doinetobarter <on Exotoxin A secretion U is cytotoxic ﬁ TR, Cornealinfections /aiESS
Acinetobacter spp. . . ' . 1tis externa orneal intectio 4N
Respiratory Tract, Urinary tract, Wounds Siderophore (iron) ﬁl;ggtl)?rhgggsgeha Mild: Swimmer’s ear ’ Trauma; contact lenses
</ Resistant to many antibiotics PYOCYANIN 5 . Didbatisa, Eiia ,
a“g s';;‘-:—"-' :';’54; catarr (*) alis /’ Superoxidg & Hydraggn pgroxidg Y causes edema evere: Uiavetion. tlaarly
ronchi, Sinusitis, Otitis. o B , P
2 3 ; i acteremia 2
& Penicillin-resistant Neutrophil apoptosis @* ELASTASES High mortality rate < Antibiotic resistance

N LasA & LasB 13 Intrinsic: Properties of cell wall

= C]Ila &. mucosal 08" damage %M ulti_dru resistance- "trlr!glc' I‘Op_BI“Eles ot cell walls
j Degrade complement ¥ (i 0%1 it Acquired: Horizontal Gene Transfer
ALKALINE PROTEASE & elastin P ' A Adaptive: Environmental triggers
Tanensotmction Anti-Elastase antibodics - ce b2 220 EeEuT

=<= formimmune complexes  |.cione




Colonization of

respiratory tract

Colonization
of skin

Pneumonia

Invasion and infection
of bloodstream

L -

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




s s sEssssssEsssssEsEsSsESEsEE—.

Contaminated
environment
______ Aerosol B
== droplets . -
Sputum
Scales
of skin Excreta
Colonized patient —
Hands of staff

Contaminated equipment

--------------------------------------------------------------------------

Airborne transmission

Ventilation machine

[O) Q Susceptible patient



Acinetobacter baumannii

Pseudomonas aeruginosa

Meningitis

Pneumonia

Pneumonia

Blood stream
infection

Urinary tract )i
infection > 4

Surgical site
infection

Catheter infection

Blood stream infection

" 4 “
S % W r/
e e 2 N A &\ ¥
" : £ ) \_ _.‘/
. 2 N i

Urinary tract infection

Implant associated

N osteomyelitis
% \‘/— Skin infection




