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Definition of nosocomial Definition of nosocomial 

infectionsinfections (NIs) (NIs) –– revision revision 

Nosocomial (hospitalNosocomial (hospital--acquired) infections =acquired) infections =

= infections occur= infections occurrring in connection with the stay ing in connection with the stay 

in a medical institution in a medical institution (as opposed to (as opposed to 

communitycommunity--acquired infections)acquired infections)

At least 5 % patients are afflicted, probably moreAt least 5 % patients are afflicted, probably more

Exogenous NIsExogenous NIs::

source = source = other patients,other patients, environment,environment, personnel personnel 

vector = mostly personnel’s vector = mostly personnel’s unwashed handsunwashed hands

Endogenous NIsEndogenous NIs::

source = the source = the patient himself/herselfpatient himself/herself



Consequences of NIsConsequences of NIs –– revision revision 

•• HigherHigher mortalitymortality ((††) ) –– almost 40 % higher  (a conservative almost 40 % higher  (a conservative 
estimate in this country is  hundredsestimate in this country is  hundreds of of unnecessary unnecessary 
deaths per year)deaths per year)

•• LongerLonger (by weeks) and (by weeks) and more expensivemore expensive hospitalizationhospitalization (by (by 
tens of thousands, even more CZK per case)tens of thousands, even more CZK per case)

•• Economic lossesEconomic losses circa 1.5 billions CZK/yearcirca 1.5 billions CZK/year

•• AdditionalAdditional ATBATB therapy (both higher costs and  toxicity)therapy (both higher costs and  toxicity)

•• PatientsPatients themselves themselves = source= source of infectionof infection for othersfor others

More than 1/3 of NIs can be prevented!More than 1/3 of NIs can be prevented!



Main types of NIsMain types of NIs –– revision revision 

1.1. Urinary tract infections Urinary tract infections in catheterized in catheterized 
patients patients –– up to 40 % of all NIsup to 40 % of all NIs

2.2. Respiratory tract infections Respiratory tract infections –– about 20 %about 20 %
–– Early ventilatorEarly ventilator--associated pneumonia associated pneumonia 

–– Late ventilatorLate ventilator--associated pneumonia associated pneumonia 

–– Aspiration pneumoniaAspiration pneumonia

–– Other respiratory infectionsOther respiratory infections

3.  Purulent infections of surgical wounds 3.  Purulent infections of surgical wounds ––
about 20 %about 20 %

4.  Blood4.  Blood--stream infections stream infections (sepsis by inserted (sepsis by inserted 
intravenous catheters) intravenous catheters) –– at least 15 %at least 15 %



Etiology of nosocomial Etiology of nosocomial UTIsUTIs

–– revision revision 

Escherichia coli                                 Escherichia coli                                 25 %25 %

other entericother enteric bacteria bacteria 20 %20 %

enterococcienterococci 15 %15 %

Pseudomonas aeruginosa               Pseudomonas aeruginosa               10 % 10 % 

other Gother G–– nonfermenting rods           10 %nonfermenting rods           10 %

yeasts  yeasts  5 %5 %



Etiology of Etiology of respiratoryrespiratory NIsNIs I I 

–– revision  revision  

Early Early VAPVAP::

Staphylococcus aureus                      Staphylococcus aureus                      25 %25 %

Streptococcus pneumoniae               Streptococcus pneumoniae               20 %20 %

Haemophilus influenzae                     Haemophilus influenzae                     15 %15 %

enteric bacteria                                    10 %enteric bacteria                                    10 %

other aerobically growing bacteria    5 %other aerobically growing bacteria    5 %

anaerobesanaerobes 1 % 1 % 

(monomicrobial etiology, agents originate (monomicrobial etiology, agents originate 
in communityin community) ) 



Etiology of Etiology of respiratoryrespiratory NIsNIs II II 

–– revisionrevision

Late Late VAPVAP::

GramGram––negative nonfermenting rodsnegative nonfermenting rods 40 % 40 % 

((P. aeruginosa, Acinetobacter baumanniiP. aeruginosa, Acinetobacter baumannii))

enteric bacteria   enteric bacteria   30 % 30 % 

(klebsiellae, (klebsiellae, E. coliE. coli, enterobacters), enterobacters)

staphylococcistaphylococci 20 % 20 % 

(mainly (mainly S. aureusS. aureus))

yeasts yeasts 5 %5 %

(some cases have polymicrobial etiology,(some cases have polymicrobial etiology,

agents are of agents are of hospitalhospital origin)origin)



Etiology of Etiology of respiratoryrespiratory NIsNIs III III 

–– revision revision 
Nosocomial Nosocomial aspirationaspiration pneumoniapneumonia::

Older studies emphasized Older studies emphasized anaerobesanaerobes

Newer studies are discovering the same etiology as in Newer studies are discovering the same etiology as in 
VAP and put more emphasis onVAP and put more emphasis on GramGram--negative rodsnegative rods
(non(non--fermenting rather than enteric ones)fermenting rather than enteric ones)

Pneumonia in Pneumonia in febrile neutropeniafebrile neutropenia::

Initial days: Initial days: G+ cocciG+ cocci (staphylococci, pneumococci) occur (staphylococci, pneumococci) occur 
twice twice more more often than often than GG–– rodsrods (enteric bacteria and (enteric bacteria and 
pseudomonads)pseudomonads)

Later on: ↓ G+ cocci, Later on: ↓ G+ cocci, ↑↑ candidae and aspergillicandidae and aspergilli

After allogenic transplantation of bone marrow: mainly After allogenic transplantation of bone marrow: mainly 
CMVCMV



Etiology of Etiology of surgical wounds surgical wounds 

suppurationsuppuration –– revision  revision  

(depends on the terrain of the surgery)(depends on the terrain of the surgery)

Staphylococcus aureusStaphylococcus aureus

coagulasecoagulase--negative staphylococcinegative staphylococci

Streptococcus pyogenesStreptococcus pyogenes

enteric bacteriaenteric bacteria ((E. coliE. coli))

bacteroids, prevotellae, peptostreptococcibacteroids, prevotellae, peptostreptococci

GramGram--negative nonnegative non--fermenting rodsfermenting rods

Clostridium perfringensClostridium perfringens



Etiology of Etiology of sepsis sepsis duringduring

inserted i.v. catheterinserted i.v. catheter –– revision revision 

coagulasecoagulase--negative staphylococci   negative staphylococci   (>50 %) (>50 %) 

–– because of biofilmbecause of biofilm

enterococci enterococci –– because of cephalosporinsbecause of cephalosporins

Staphylococcus aureusStaphylococcus aureus

enteric bacteria (enteric bacteria (E. coliE. coli, klebsiellae), klebsiellae)

Pseudomonas aeruginosaPseudomonas aeruginosa

Acinetobacter Acinetobacter spp.spp.

Candida Candida spp.spp.



Etiology of Etiology of nosocomial virus nosocomial virus 

infectionsinfections –– revision  revision  

influenza virus influenza virus –– mainly infants and older patientsmainly infants and older patients

RSVRSV –– newborns and suckling infantsnewborns and suckling infants

adenovirusesadenoviruses –– ophthalmologic wardsophthalmologic wards

other respiratory virusesother respiratory viruses

CMVCMV –– after cytotoxic treatmentafter cytotoxic treatment

rubella virus rubella virus –– children (vaccination available now)children (vaccination available now)

rotaviruses rotaviruses –– mainly childrenmainly children

VHBVHB –– higher risk in longer hospitalizationhigher risk in longer hospitalization

HIV HIV –– in developing countries mostlyin developing countries mostly



Predisposition to NIsPredisposition to NIs –– revision  revision  

AgeAge –– both extremes of ageboth extremes of age

TreatmentTreatment –– cytotoxic drugs, steroids, ATBcytotoxic drugs, steroids, ATB

Underlying diseaseUnderlying disease
hepatic diseasehepatic disease

diabetes mellitusdiabetes mellitus

cancercancer

renal failurerenal failure

skin disordersskin disorders

neutropenianeutropenia

TraumaTrauma –– incl. surgery and i.v. cathetersincl. surgery and i.v. catheters



Prevention of NIsPrevention of NIs I I –– revision revision 

Four main strategiesFour main strategies::

•• Excluding sourcesExcluding sources of infection from the of infection from the 

hospital environmenthospital environment

•• Breaking the chain of infectionBreaking the chain of infection from source from source 

to host to host 

•• Improving the host’s ability to resist Improving the host’s ability to resist 

infectioninfection

•• Investigating Investigating hospital infectionhospital infection



Prevention of NIs Prevention of NIs II II –– revision  revision  

1. 1. Exclusion of sourcesExclusion of sources of infection from the of infection from the 
hospital environmenthospital environment

•• SterileSterile instruments, dressings, medicaments instruments, dressings, medicaments 
and intravenous fluids and intravenous fluids 

•• Using only Using only bloodblood screenedscreened for infectious for infectious 
agentsagents

•• CleanClean linen, linen, uncontaminateduncontaminated foodfood

•• PreventingPreventing contact with contact with infected staffinfected staff –– both both 
acutely ill or carriers of pathogens acutely ill or carriers of pathogens 



Prevention of NIsPrevention of NIs III III –– revision  revision  

2.2. Breaking the chainBreaking the chain of infectionof infection

•• FacilitiesFacilities

–– ventilation systems & air flow (airventilation systems & air flow (air--conditioning: conditioning: 

legionellae, legionellae, constructionconstruction workworkss: aspergilli): aspergilli)

–– water systems (in particular warm water: legionellae)water systems (in particular warm water: legionellae)

–– patient isolationpatient isolation

•• to protect a particularly susceptible patientto protect a particularly susceptible patient

•• to prevent the spread of pathogens from a patient to othersto prevent the spread of pathogens from a patient to others

•• PeoplePeople

–– facilitation of aseptic behavior of stafffacilitation of aseptic behavior of staff

–– the most important is the most important is effective handeffective hand washingwashing



Prevention ofPrevention of NIs IV NIs IV –– revision  revision  

3. 3. ImprovingImproving the host’sthe host’s resistanceresistance

•• ImmunizationImmunization
–– influenza (older patients)influenza (older patients)

–– pneumococcal infections (before transplantation or  pneumococcal infections (before transplantation or  
splenectomy)splenectomy)

–– VHB (in seronegative persons before hemodialysis)VHB (in seronegative persons before hemodialysis)

–– varicella (zoster Ig in immunocompromised exposed to VZV)varicella (zoster Ig in immunocompromised exposed to VZV)

•• Appropriate ATB prophylaxisAppropriate ATB prophylaxis
–– in „dirty“ surgeryin „dirty“ surgery

–– In „superIn „super--clean“ surgery (orthopaedics, neurosurgery)clean“ surgery (orthopaedics, neurosurgery)

•• Reducing the risk of postoperative infection Reducing the risk of postoperative infection 
–– correct operating techniquecorrect operating technique

–– care of invasive devices and intravenous fluidscare of invasive devices and intravenous fluids

–– correct nursing techniques correct nursing techniques ((prevention of pressure sores)prevention of pressure sores) and and 
active physiotherapyactive physiotherapy



Prevention ofPrevention of NIs V NIs V –– revision  revision  

4. 4. InvestigatingInvestigating hospital infectionshospital infections

•• Surveillance Surveillance (= regular monitoring) (= regular monitoring) –– allows allows 

early recognition of any change in the early recognition of any change in the 

number or type of hospital infectionnumber or type of hospital infection

•• Investigation of outbreaks Investigation of outbreaks fromfrom

epidemiological and microbiological point of epidemiological and microbiological point of 

viewview

•• Establishment and monitoring of procedures Establishment and monitoring of procedures 

designed to prevent infectiondesigned to prevent infection

……



Opportune infections: Definition Opportune infections: Definition 

and examplesand examples
Opportune infection Opportune infection = infection= infection on a weakened terrain on a weakened terrain (in a (in a 

lowered immunitylowered immunity) ) 

Opportune infection is: Opportune infection is: 

sometimes a sometimes a secondary one secondary one during some other infectionduring some other infection

often a often a nosocomial one nosocomial one = hospital= hospital--acquired acquired 

possibly apossibly a iatrogennic one iatrogennic one = caused by a medical = caused by a medical 
interventionintervention

Examples of Examples of opportuneopportune infections infections during a HIV infectionduring a HIV infection:                  :                  
CMV retinitis, CMV or candidal oesophagitis CMV, herpes zoster,  CMV retinitis, CMV or candidal oesophagitis CMV, herpes zoster,  
cryptosporidial or microsporidial enteritis, cryptococcal meningitis, cryptosporidial or microsporidial enteritis, cryptococcal meningitis, 
toxoplasmatic encephalitis, colibacillary and other sepsistoxoplasmatic encephalitis, colibacillary and other sepsis



Causes of lowered immunityCauses of lowered immunity

Defects of the Defects of the local barrierslocal barriers

Defects of the Defects of the phagocytosisphagocytosis

Defects of the Defects of the complementcomplement

Defects of the Defects of the normal microfloranormal microflora

Defects of the Defects of the humoral immunityhumoral immunity

Defects of the Defects of the cellularcellular immunityimmunity



Defects of local barriers Defects of local barriers –– I I 

BurnsBurns

Other injuriesOther injuries incl. surgical woundsincl. surgical wounds

Foreign bodiesForeign bodies in situin situ

urinary cathetersurinary catheters

i.v. catheters and cannulaei.v. catheters and cannulae

arteficial prostheses arteficial prostheses 

Cystic fibrosisCystic fibrosis



Defects of local barriers Defects of local barriers –– II II 

BurnsBurns

Not only a Not only a direct impairment of barriersdirect impairment of barriers, but also a , but also a 
defect in neutrophil defect in neutrophil function and burned tissue function and burned tissue 
as a as a culture medium culture medium for bacteriafor bacteria

Little invasive infection limited to the eschar Little invasive infection limited to the eschar 
(scab)(scab)

Invasive infection Invasive infection → destruction of all skin layers → destruction of all skin layers 
→ invasion of lymphatic vessels → sepsis→ invasion of lymphatic vessels → sepsis

AgentsAgents: : mainly mainly P. aeruginosaP. aeruginosa, furthermore , furthermore S.S.
aureusaureus, enterobacteria, , enterobacteria, S. pyogenes S. pyogenes and other and other 
streptococci and enterococcistreptococci and enterococci



Defects of local barriers Defects of local barriers –– III III 

Other injuriesOther injuries

See one of previous lecturesSee one of previous lectures

Surgical wounds Surgical wounds -- II
Staphylococcus aureusStaphylococcus aureus

coagulasecoagulase--negative staphylococci negative staphylococci (mainly (mainly 
Staphylococcus epidermidisStaphylococcus epidermidis))

enterobacteria (enterobacteria (Escherichia coli, Proteus Escherichia coli, Proteus 
mirabilismirabilis))

Streptococcus pyogenesStreptococcus pyogenes

anaerobes (anaerobes (Peptostreptococcus anaerobius, P. Peptostreptococcus anaerobius, P. 
micros, Bacteroides fragilismicros, Bacteroides fragilis))



Defects of local barriers Defects of local barriers –– IV IV 

Surgical wounds Surgical wounds –– IIII

Infection Infection duringduring a surgery:a surgery:

preparing preparing the operating fieldthe operating field

terrain terrain (clean versus contaminated one)(clean versus contaminated one)

levellevel ofof asepsisasepsis

surgicalsurgical technique technique 

Infection Infection afterafter a surgery:a surgery:

slip (e.g breach of asepsis) duringslip (e.g breach of asepsis) during dressingsdressings

In general:In general: dangerous is the nondangerous is the non--sterile touch,  sterile touch,  
much less the nonmuch less the non--sterile environment (but be sterile environment (but be 
careful during implantation of artificial devices)careful during implantation of artificial devices)



Defects of local barriers Defects of local barriers –– V V 

Foreign bodies in situForeign bodies in situ (coated by the biofilm)(coated by the biofilm)

Urinary catheters: Urinary catheters: after after >>48 hrs quite commonly 48 hrs quite commonly GG–– rodsrods
(periurethral and bowel flora (periurethral and bowel flora –– but transmission by but transmission by 
hands also possible)hands also possible)

I.v. cannulae: I.v. cannulae: >>50 % 50 % S. epidermidisS. epidermidis && other coagulaseother coagulase--
negativenegative staphylococci staphylococci (from the skin), because of the (from the skin), because of the 
biofilm resistant to ATB, infection not eradicable biofilm resistant to ATB, infection not eradicable 
except by the removing the cannulaexcept by the removing the cannula

Artificial valves, joints, pacemakers, vascular prostheses, Artificial valves, joints, pacemakers, vascular prostheses, 
shunts: shunts: dttodtto

Cystic fibrosisCystic fibrosis

Impairment of ciliary function Impairment of ciliary function && production of mucusproduction of mucus

After After S. aureus S. aureus and and H. influenzaeH. influenzae Pseudomonas Pseudomonas 
aeruginosa aeruginosa (mucous strains producing alginate slime) (mucous strains producing alginate slime) 
andand Burkholderia cepaciaBurkholderia cepacia continuecontinue



Defects of phagocytosis Defects of phagocytosis –– I  I  

Neutropenia Neutropenia 

in haematologic malignities  in haematologic malignities  

in recipients of bone marrowin recipients of bone marrow

in recipients of transplanted solid in recipients of transplanted solid 

organsorgans

Chronic granulomatous diseaseChronic granulomatous disease

AspleniaAsplenia



Defects of phagocytosis Defects of phagocytosis –– II  II  

NeutropeniaNeutropenia::

NoNo circulating circulating leukocytesleukocytes → → sepsissepsis (the first sign (the first sign 

or the result of cytotoxic chemotherapy)or the result of cytotoxic chemotherapy)

Febrile neutropeniaFebrile neutropenia

Agents:Agents:

fromerly Gfromerly G–– rods (rods (E. coli, P. aeruginosa E. coli, P. aeruginosa etc.)etc.)

now G+ coccinow G+ cocci (staphylococci, streptococci, (staphylococci, streptococci, 

enterococci) enterococci) and yeasts and yeasts (in particular if the (in particular if the 

neutropenia persists)neutropenia persists)



Defects of phagocytosis Defects of phagocytosis –– III  III  

Chronic granulomatous diseaseChronic granulomatous disease (CGD):(CGD):

Defect of NADPHDefect of NADPH--oxidase → oxidase → none Hnone H22OO22

leukocytesleukocytes in CGD in CGD cannotcannot killkill staphylococcistaphylococci

and other catalaseand other catalase--positive bacteria → positive bacteria → 

these microbes cause these microbes cause chronic deep chronic deep 

abscessesabscesses

AspleniaAsplenia::

Encapsulated bacteria (pneumococci, Encapsulated bacteria (pneumococci, 

hemophilli)hemophilli) are not cleared from bloodare not cleared from blood



Defects of complement  Defects of complement  

Relatively rare conditionsRelatively rare conditions

Resistance lowered against infections caused by Resistance lowered against infections caused by 

neisseriae (mainly by neisseriae (mainly by meningococcimeningococci))

Defects of normal floraDefects of normal flora
Problems mostly in Problems mostly in intestinalintestinal microfloramicroflora

After After some some antibioticsantibiotics (clindamycin, cefoxitin, (clindamycin, cefoxitin, 

amoxicillin/clavulanic acid) amoxicillin/clavulanic acid) Clostridium difficile Clostridium difficile 

multiplies excessivelymultiplies excessively



Defects of humoral immunity  Defects of humoral immunity  

In particular agents of In particular agents of pyogenic infections pyogenic infections and enterovirusesand enteroviruses

Defects of cellular immunityDefects of cellular immunity
In particular infections by In particular infections by intracellular microbes:intracellular microbes:

viruses viruses (mainly CMV, VZV, HSV)(mainly CMV, VZV, HSV)

mycobacteria mycobacteria (not only (not only M. tbcM. tbc, but also atypical as , but also atypical as M. M. 
aviumavium--intracellulareintracellulare), ), Nocardia asteroidesNocardia asteroides, , Listeria Listeria 
monocytogenesmonocytogenes

fungi fungi (candidae, aspergilli, (candidae, aspergilli, Pneumocystis jiroveciiPneumocystis jirovecii, , 
Cryptococcus neoformansCryptococcus neoformans))

parasites parasites ((Toxoplasma gondiiToxoplasma gondii, , Cryptosporidium parvumCryptosporidium parvum, , 
Isospora belliIsospora belli, , Strongyloides stercoralisStrongyloides stercoralis and other)and other)



Homework 15Homework 15
The third part of the The third part of the 

cycle mentioned in cycle mentioned in 

the 13th lecturethe 13th lecture



Answer and questionsAnswer and questions

The solution of the homework and possible The solution of the homework and possible 
questions please mail questions please mail (on Monday Dec. 12th (on Monday Dec. 12th 

at 6.30. at the latest) at 6.30. at the latest) to the addressto the address

mvotava@med.muni.czmvotava@med.muni.cz

Thank you for your attentionThank you for your attention

Merry ChristmasMerry Christmas!!

Good luck in Good luck in the the examination!examination!

mailto:mvotava@med.muni.cz

