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Congenital and neonatal infections, Congenital and neonatal infections, 

ddefinitionsefinitions –– revision revision 
•• CongenitalCongenital infectionsinfections ==

= intrauterine = intrauterine infections =infections =

= prenatal = prenatal infectionsinfections

perinatal perinatal infections (closely infections (closely 

before andbefore and during during thethe

delivery)delivery)

•• Neonatal Neonatal infectionsinfections

postnatal postnatal infections (up infections (up to to 4 4 

weeks of life)weeks of life)

•• Congenital and neonatal infections are caused by Congenital and neonatal infections are caused by 
agents agents unusual unusual in older children  in older children  



A little bit A little bit oof immunologyf immunology

–– revision  revision  

Fetus = an immunological paradoxFetus = an immunological paradox

Fetus and mother = two immune systemsFetus and mother = two immune systems

To be able to get on well, both must be To be able to get on well, both must be 
modulatedmodulated

„Fetal immunodeficiency“„Fetal immunodeficiency“

1.1. Inability to produce Inability to produce cytokinescytokines

2.2. Defects in intracellular Defects in intracellular killingkilling

3.3. Immature production of Immature production of antibodiesantibodies



The protection of the fetusThe protection of the fetus

–– revision revision 

•• Placenta and amnionPlacenta and amnion

•• MaternalMaternal IgGIgG (halftime = 20 days)(halftime = 20 days)

–– actively transported through the placentaactively transported through the placenta

–– IgG against capsular polysaccharides are IgG against capsular polysaccharides are 

active only up to circa 3 months after active only up to circa 3 months after 

deliverydelivery

–– IgG against viruses are effective even up IgG against viruses are effective even up 

to 12to 12--15 months 15 months 

•• Colostral IgAColostral IgA



Prenatal infections Prenatal infections I I –– revision revision 

Notes to the following Table:Notes to the following Table:

Crosses in the column Trimester mark Crosses in the column Trimester mark 

the the frequency of the transfer of an frequency of the transfer of an 

agent into the fetusagent into the fetus, not the gravity of , not the gravity of 

the afflictionthe affliction

Gravity of the affliction Gravity of the affliction tendstends to be the to be the 

highest during the infection in thehighest during the infection in the 1st 1st 

trimester, trimester, when it may cause when it may cause abortionabortion



Prenatal infections Prenatal infections II II –– revision revision 

AgentAgent
TrimesterTrimester Congenital Congenital 

defectsdefects

Postnatal Postnatal 

persistencepersistence1.1. 2.2. 3.3.

Treponema pallidumTreponema pallidum -- ++ ++ ++ ++

List. monocytogenesList. monocytogenes -- -- ++ -- --

Rubella virus Rubella virus ++++ ++ -- ++ ++

CMVCMV ++ ++ ++ ++ ++

Parvovirus B19Parvovirus B19 ++ -- --

VZVVZV ++ -- ++ ++

HSVHSV ++ ++ ++ -- ++

HIVHIV ·· ·· ·· -- ++

Toxoplasma gondiiToxoplasma gondii ++ ++++ ++ ++



Diagnostics of prenatal infectionDiagnostics of prenatal infection

–– revision revision 

Examination of Examination of mothermother

–– immensely important in immensely important in syphilissyphilis (obligatory in (obligatory in 
most countries) and in most countries) and in toxoplasmosistoxoplasmosis

Examination ofExamination of thethe newbornnewborn

–– above all the detection of its above all the detection of its IgMIgM (IgM (IgM 
antibodies cannot be of maternal origin antibodies cannot be of maternal origin ––
they don’t go through the placenta)they don’t go through the placenta)

–– sometimes the sometimes the directdirect detection (e.g. CMV in detection (e.g. CMV in 
urine)urine)



Treatment Treatment && prevention of prevention of 

prenatal infectionprenatal infection –– revision revision 

TreatmentTreatment (of the mother):(of the mother):

PNCPNC in syphilisin syphilis

spiramycinspiramycin in toxoplasmosisin toxoplasmosis

Prevention:Prevention:

healthy motherhealthy mother (examined for syphilis, (examined for syphilis, 

possibly for toxoplasmosis)possibly for toxoplasmosis)



Infections proceeding more Infections proceeding more 

severely in pregnancyseverely in pregnancy –– revision revision 

Malaria Malaria –– because of lower cellular immunitybecause of lower cellular immunity

Virus hepatitis Virus hepatitis –– especially VHE especially VHE 

InfluenzaInfluenza –– during pandemics during pandemics 

PoliomyelitisPoliomyelitis –– more frequent paralysismore frequent paralysis

Urinary tract infections Urinary tract infections –– pressure on the pressure on the 

ureter, atonia of urinary bladderureter, atonia of urinary bladder

Candidosis Candidosis –– vulvovaginitis vulvovaginitis 

Listeriosis Listeriosis –– beware of cheesebeware of cheese



Agents activating themselves Agents activating themselves 

during pregnancyduring pregnancy –– revision revision 

Polyomaviruses JC Polyomaviruses JC && BKBK –– in kidneysin kidneys

CMVCMV –– cervix and mammary glandcervix and mammary gland

HSVHSV--22 –– in cervical area mostlyin cervical area mostly

EBVEBV –– higher excretion from oropharynxhigher excretion from oropharynx



Perinatal infectionsPerinatal infections –– revision revision 

„Immunologic immaturity and naivety of  the „Immunologic immaturity and naivety of  the 
newborn“newborn“

Inability to produce antibodies against Inability to produce antibodies against 
polysaccharidespolysaccharides

Low level of complement and few NK cellsLow level of complement and few NK cells

Small supply of neutrophilsSmall supply of neutrophils

Insufficient function of neutrophilsInsufficient function of neutrophils

Low level of IgA (particularly in premature infants)Low level of IgA (particularly in premature infants)

Low mucosal immunityLow mucosal immunity

(Satisfactory cellular immunity)(Satisfactory cellular immunity)



Agents transmissible during Agents transmissible during 

deliverydelivery –– revision  revision  
•• Agents originating in vagina, cervix and rectum:Agents originating in vagina, cervix and rectum:

GGBSBS –– sepsis and meningitis (early and late one)sepsis and meningitis (early and late one)

CChlhl. trachomatis. trachomatis D D –– KK –– inclusion conjunctivitisinclusion conjunctivitis

E. coliE. coli & other& other enteric rods enteric rods –– sepsis and meningitis  sepsis and meningitis  

NNeisseriaeisseria gonorrhoeaegonorrhoeae –– purulent conjunctivitispurulent conjunctivitis

LListeriaisteria monocytogenesmonocytogenes –– meningitis and sepsismeningitis and sepsis

HHaemophilusaemophilus influenzaeinfluenzae –– meningitis and sepsismeningitis and sepsis

MMycoplasmaycoplasma hominishominis –– pneumonia?pneumonia?

CCandidaandida albicansalbicans –– soor (thrush)soor (thrush)

HSVHSV--22 –– generalized herpesgeneralized herpes

•• Agents originating in blood:Agents originating in blood:

HBV, HIVHBV, HIV



Agents transmissible postnatallyAgents transmissible postnatally

–– revision revision 
•• From the mother:From the mother:

ggroup B streptococciroup B streptococci –– sepsis and meningitissepsis and meningitis

Staphylococcus aureus Staphylococcus aureus –– pyodermia, even sepsispyodermia, even sepsis

Mycobacterium tuberculosis Mycobacterium tuberculosis –– tuberculosis tuberculosis 

CMVCMV –– ??

HIVHIV –– AIDS AIDS 

•• From the surrounding environment:From the surrounding environment:

enterobacteriaenterobacteriaee incl. salmonellae incl. salmonellae –– diarrhoea and sepsis diarrhoea and sepsis 

Pseudomonas aeruginosa Pseudomonas aeruginosa –– serious diarrhoeaserious diarrhoea

Staphylococcus aureusStaphylococcus aureus –– pyodermia, even sepsispyodermia, even sepsis

rrespiratory syncytial virus (RSV)espiratory syncytial virus (RSV) –– bronchiolitisbronchiolitis



Diagnostics of perinatal and Diagnostics of perinatal and 

postnatal infectionspostnatal infections –– revision revision 

The The most rapid methodsmost rapid methods are essential are essential 

–– therefore therefore directdirect detection onlydetection only

Microscopy Microscopy –– invaluable in CSF (Cocci or invaluable in CSF (Cocci or 

rods? G+ or Grods? G+ or G–– ? In clumps, chains? In clumps, chains,, or or 

in in pairs?) pairs?) 

Detection of antigens Detection of antigens –– CSF again: GBS, CSF again: GBS, 

HIB, pneumococci, meningococci HIB, pneumococci, meningococci 

(group B (group B ~~ E. coli E. coli K1)K1)

PCR PCR –– not yet standardizednot yet standardized



Prevention of perinatal and Prevention of perinatal and 

postnatal infectionspostnatal infections –– revision revision 

Screening of the mother Screening of the mother (examination of vaginal (examination of vaginal 
and rectal swab for GBS)and rectal swab for GBS)

Prevention of premature laboPrevention of premature labouur r (because of (because of 
immune immaturity of the newborn)immune immaturity of the newborn)

Leading the delivery lege artis Leading the delivery lege artis (examination per (examination per 
rectum, induction of laborectum, induction of labouur after the rupture of r after the rupture of 
membranes etc.)membranes etc.)

Cleanness and tidiness Cleanness and tidiness in delivery room and at in delivery room and at 
the newborn wardthe newborn ward

……



Definition of nosocomial Definition of nosocomial 

infectionsinfections (NIs)(NIs)

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

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

•• Patients themselves = Patients themselves = sourcesource ofof infection 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

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

2.2. RespiratoryRespiratory tract infections 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 3.  Purulent infections of surgical woundswounds ––
about 20 %about 20 %

4.  4.  BloodBlood--streamstream infections infections (sepsis by inserted (sepsis by inserted 
intravenous catheters) intravenous catheters) –– at least 15 %at least 15 %



Etiology of nosocomial Etiology of nosocomial UTIsUTIs

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 

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 

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 

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

(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

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

–– because of because of biofilmbiofilm

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

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

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  

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 –– IIII

1. 1. Exclusion of sources of infectionExclusion of sources of infection from the 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  

2.2. Breaking the chain of infectionBreaking the chain of infection

•• FacilitiesFacilities

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

legionellae, building work: aspergilli)legionellae, building work: 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 NIs –– IV  IV  
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 NIs –– V  V  

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



Homework 14Homework 14
The first part of the cycle mentioned in the The first part of the cycle mentioned in the 

previous lectureprevious lecture



Answer and questionsAnswer and questions

The solution of the homework and The solution of the homework and 
possible questions please mail possible questions please mail (on (on 

Monday Dec. 12th at 6.30. at the latest) Monday Dec. 12th 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

mailto:mvotava@med.muni.cz

