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The 9The 9th th   llecture for 2ndecture for 2nd--year studentsyear students  cancelled because cancelled because 
of Easter Monday of Easter Monday 20201515  



What is the pathogenesis?What is the pathogenesis?    

––  revision revision   

Pathogenesis explains the origin and Pathogenesis explains the origin and 
development of pathological symptomsdevelopment of pathological symptoms    

What does the What does the pathogenesis of infectionpathogenesis of infection  
include?include?  

1.1. The way The way the agent the agent spreadsspreads  through the through the 
macroorganismmacroorganism  

2.2. Mechanisms of Mechanisms of defencedefence  against itagainst it      

3.3. Actual Actual causes of symptoms:causes of symptoms:  

  a) either thea) either the  infectiousinfectious  agentagent  itselfitself,,    

  b)b)  or the reaction or the reaction ofof  macroorganismmacroorganism  to itto it  



Spread of Spread of the the agent through the agent through the 

macroorganismmacroorganism  ––  revision revision   

→→  pportal of entryortal of entry  (skin, mucosae, placenta)(skin, mucosae, placenta)  

→ sites of → sites of primary multiplicationprimary multiplication::                                                  
portal of entry vicinity portal of entry vicinity (= primary affect)(= primary affect)                                                          
regional lymphatic nodesregional lymphatic nodes  (+ primary (+ primary 
  affect = primary complex)affect = primary complex)  

→ actual spread→ actual spread  ((disseminationdissemination  of agent): of agent): 
by means of lymph, blood, per by means of lymph, blood, per 
continuitatem, along nervescontinuitatem, along nerves  

→ → target organtarget organ: : typically in viral diseasestypically in viral diseases  

→ → sites of eliminationsites of elimination  from from macroorganismmacroorganism: : 
may not be the same as portal of entrymay not be the same as portal of entry  



PPORTALS OFORTALS OF  the infectious the infectious 

agent’s agent’s ENTRYENTRY  ––  revision revision   

MucosaeMucosae  

  respiratory ways and lungsrespiratory ways and lungs  

  alimentary tractalimentary tract  

  urogenital tracturogenital tract  

  conjunctiva and corneaconjunctiva and cornea  

SkinSkin  and hypodermisand hypodermis  

PlacentaPlacenta  



Respiratory tract mucosa IRespiratory tract mucosa I    

––  revision revision   

NNOSE + NASOPHARYNXOSE + NASOPHARYNX: :   respiratory virusesrespiratory viruses  

(rhinoviruses, coronaviruses,  adenov(rhinoviruses, coronaviruses,  adenov..), ), 

HSV, HSV, viruses of exanthematic infectionsviruses of exanthematic infections  

(measles, rubella, chickenpox), amoebae (measles, rubella, chickenpox), amoebae 

((Naegleria , Acantamoeba, BalamuthiaNaegleria , Acantamoeba, Balamuthia))  

Secondary bacterial agents:Secondary bacterial agents:    Haemophilus Haemophilus 

influenzaeinfluenzae  bb, Strept. pneumoniae, Staph. , Strept. pneumoniae, Staph. 

aureus, Moraxella catarrhalisaureus, Moraxella catarrhalis  ––  the gang of 4the gang of 4  

ChronicChronic  infections: ditto + infections: ditto + KlebsKlebs. pneumoniae . pneumoniae 

ssp. ssp. ozaenaeozaenae, K, Kll. . pn. pn. ssp. ssp. rhinoscleromatisrhinoscleromatis  



Respiratory tract mucosaRespiratory tract mucosa  II II   

––  revision  revision    
TTONSILS + PHARYNXONSILS + PHARYNX: :   respiratory virusesrespiratory viruses, , 

HSV, HSV, EEpsteinpstein--Barr v.Barr v., coxsackieviruses A;                                         , coxsackieviruses A;                                         
StrStreptococcuseptococcus  pyogenespyogenes, other , other ββ--
hemolytic streptochemolytic streptococciocci, , S. pneumoniae, S. S. pneumoniae, S. 
aureus, H. influenzaeaureus, H. influenzae  serotype bserotype b, Neisseria , Neisseria 
meningitidis, N. gonorrhoeae, meningitidis, N. gonorrhoeae, 
Arcanobacterium haemolyticum, Arcanobacterium haemolyticum, 
Corynebacterium diphtheriaeCorynebacterium diphtheriae;                                         ;                                         
Candida albicansCandida albicans;                                 ;                                 
Toxoplasma gondiiToxoplasma gondii  

EEPIGLOTTISPIGLOTTIS: : Haemophilus influenzae Haemophilus influenzae type btype b  

  



Respiratory tract mucosaRespiratory tract mucosa  III III   

––  revision revision   
LLARYNX + TRACHEAARYNX + TRACHEA: parainfluenza viruses, : parainfluenza viruses, 

influenza viruses,influenza viruses,  RSV, adenoviruses;                                     RSV, adenoviruses;                                     
ChlamydiaChlamydia  pneumoniaepneumoniae, Mycoplasma , Mycoplasma 
pneumoniae, Corynebacterium diphtheriaepneumoniae, Corynebacterium diphtheriae  

Secondarily: Secondarily: S. aureus, H. influenzaeS. aureus, H. influenzae  

BBRONCHIRONCHI: influenza v.: influenza v., adenoviruses, RSV,             , adenoviruses, RSV,             
parainfluenza v., RSV; parainfluenza v., RSV; M. pneumoniae,      M. pneumoniae,      
Ch. pneumoniae, Ch. pneumoniae, BordetellaBordetella  pertussispertussis    

Sec.: Sec.: S. pneumoniae, H. influenzaeS. pneumoniae, H. influenzae  type btype b,               ,               
SStaphtaph. aureus, Moraxella catarrhalis. aureus, Moraxella catarrhalis  

BBRONCHIOLESRONCHIOLES: RSV: RSV                                                                                              

  



Lungs Lungs ––  revision revision   
BRONCHOPNEUMONIABRONCHOPNEUMONIA  (alveoli (alveoli &&  bronchi)bronchi): : Str. Str. 

pneumoniae, Staph. aureus, H. influenzae pneumoniae, Staph. aureus, H. influenzae type btype b; ; 
Legionella pneumophila,  Klebsiella pneumoniaeLegionella pneumophila,  Klebsiella pneumoniae, , 
E. coli, Pseudomonas aeruginosa; Francisella E. coli, Pseudomonas aeruginosa; Francisella 
tularensis, Yersinia pestis tularensis, Yersinia pestis   

ATYPICAL PNEUMONIAATYPICAL PNEUMONIA  (intersticium)(intersticium): : Mycopl. Mycopl. 
pneumoniae, pneumoniae, influenza virus A, influenza virus A, Ch. pneumoniaeCh. pneumoniae; ; 
Chlamydia psittaci Chlamydia psittaci (ornithosis)(ornithosis), Coxiella burnetii , Coxiella burnetii 
(Q fever);(Q fever);  Pneumocystis jirovecii, Pneumocystis jirovecii, CMV, atypical CMV, atypical 
mycobacteria, mycobacteria, Nocardia asteroidesNocardia asteroides  

SUBACUTE SUBACUTE &&  CHRONIC PNEUMONIACHRONIC PNEUMONIA:                       :                       
--  anaerobesanaerobes  ((Bacteroides fragilis, Prevotella, Bacteroides fragilis, Prevotella,   
                  PeptostreptococcusPeptostreptococcus)                                                 )                                                 
--  Mycobacterium tuberculosisMycobacterium tuberculosis  



Gastrointestinal tract mucosaGastrointestinal tract mucosa    

––  revision revision   
OORAL CAVITYRAL CAVITY: HSV, : HSV, Candida albicansCandida albicans  

OOESOPHAGUSESOPHAGUS: : CMV, CMV, C. albicansC. albicans  

SSTOMACHTOMACH: : Helicobacter pyloriHelicobacter pylori  

SSMALL INTESTINEMALL INTESTINE: : Campylobacter jejuni, Campylobacter jejuni, 

salmonellaesalmonellae  (incl. (incl. Salmonella Salmonella Typhi),Typhi),  ETEC, EPEC ETEC, EPEC 

etc., etc., Yersinia enterocolitica, Vibrio choleraeYersinia enterocolitica, Vibrio cholerae; ; 

enterovirusesenteroviruses  (polio!), (polio!), rotaviruses,rotaviruses,  noroviruses; noroviruses; 

Giardia lamblia, Cryptosporidium parvum; Giardia lamblia, Cryptosporidium parvum; 

tapeworms, pinworms, roundworms, flukes etc.tapeworms, pinworms, roundworms, flukes etc.  

LLARGE INTESTINE + RECTUMARGE INTESTINE + RECTUM::  ShigellaShigella  sonneisonnei  

(bacterial dysentery),(bacterial dysentery),  Entamoeba histolyticaEntamoeba histolytica  

(amoebic dysentery)(amoebic dysentery)  



Urogenital tract mucosaUrogenital tract mucosa  ––  revision revision   

CLASSIC VENEREAL INFECTIONSCLASSIC VENEREAL INFECTIONS: :                             

NeisseriaNeisseria  ggonorrhoeaeonorrhoeae    ((gonorrhoea),gonorrhoea),  
TreponemaTreponema  pallidumpallidum  (syphilis),(syphilis),  
Haemophilus ducreyiHaemophilus ducreyi  (chancroid), (chancroid), Klebsiella Klebsiella 
granulomatisgranulomatis  (granuloma inguinale),(granuloma inguinale),  
Chlamydia trachomatis Chlamydia trachomatis serotypes serotypes L1L1--L3L3  
(lymphogranuloma venereum)(lymphogranuloma venereum)  

OTHER SEXUALLY TRANSMITTED DISEASES OTHER SEXUALLY TRANSMITTED DISEASES 
(STD)(STD): : Ch. trachomatis Ch. trachomatis DD--K,K,  Mycoplasma Mycoplasma 
hominis, Ureaplasma urealyticum;  hominis, Ureaplasma urealyticum;  
papillomaviruses,papillomaviruses,  HBV, HCV, HSVHBV, HCV, HSV--2, HIV2, HIV--1; 1; 
CandCandidaida  albicansalbicans; ; TrichomonasTrichomonas  vaginalisvaginalis  



Conjunctiva and corneaConjunctiva and cornea  ––  revision revision   

CCONJUNCTIVAONJUNCTIVA: : Str. pneumoniaeStr. pneumoniae, S. aureus, , S. aureus, 

H. influenzae, Moraxella lacunata; Chlam. H. influenzae, Moraxella lacunata; Chlam. 

trachomatis trachomatis DD--K, K, N. gonorrhoeae;N. gonorrhoeae;                                          

adenovirusesadenoviruses  (types(types  3, 3, 88, 19), , 19),   

enteroviruses (typeenteroviruses (type  70), HSV70), HSV  

CCORNEAORNEA: : S. aureus, Strept. pneumoniae,            S. aureus, Strept. pneumoniae,            

P. aeruginosa; Acanthamoeba castellanii;P. aeruginosa; Acanthamoeba castellanii;  

Bacillus cereus;Bacillus cereus;  oportunistically oportunistically 

pathogenic moulds; pathogenic moulds; HSVHSV, VZV, , VZV, 

adenoviruses (adenoviruses (type type 8)8)  



Skin and hypodermis I Skin and hypodermis I ––  revision  revision    

IINTACT SKINNTACT SKIN: : leptospirae, larvae of hookworms     leptospirae, larvae of hookworms     
((Ancylostoma duodenale, Necator americanusAncylostoma duodenale, Necator americanus) ) 
and and Strongyloides stercoralisStrongyloides stercoralis, , cercariae cercariae of of 
schistosomes, bilharziellae and trichobilharziae schistosomes, bilharziellae and trichobilharziae 
(swimmers itch)(swimmers itch)  

SSMALL CRACKS IN SKINMALL CRACKS IN SKIN::  S. aureus, S. pyogenes,S. aureus, S. pyogenes,  
Bacillus anthracis, F. tularensis, Rickettsia Bacillus anthracis, F. tularensis, Rickettsia 
prowazekii; prowazekii; wartwart  virusesviruses, milker, milker´́s nodes v., s nodes v., 
cowpox virus; cowpox virus; dermatophytesdermatophytes  

BBITE OF ARTHROPODSITE OF ARTHROPODS::  arboviruses;arboviruses;  borreliaeborreliae, , 
ehrlichiae, rickettsiae, coxiellae, bartonellae, ehrlichiae, rickettsiae, coxiellae, bartonellae, 
Yersinia pestisYersinia pestis; ; malaric malaric plasmodiaplasmodia, leishmaniae, leishmaniae,,  
trypanosomestrypanosomes  &&  others)others)  



Skin and hypodermisSkin and hypodermis  II II ––  revision revision   

WWOUNDSOUNDS: : S. aureus, S. pyogenes, S. aureus, S. pyogenes, 
Clostridium tetani,Clostridium tetani,  gas gangrene clostridia, gas gangrene clostridia, 
coagulase negative staphylococci etc.coagulase negative staphylococci etc.  

WWOUNDS AND BITES BY ANIMALSOUNDS AND BITES BY ANIMALS::  rabiesrabies  v.,v.,  
Spirillum minus,Spirillum minus,  Pasteurella multocidaPasteurella multocida, , 
Capnocytophaga canimorsus, S. aureus, Capnocytophaga canimorsus, S. aureus, 
Streptobacillus moniliformis; Streptobacillus moniliformis; Erysipelothrix Erysipelothrix 
rhusiopathiaerhusiopathiae  (erysipeloid)(erysipeloid),  Burkholderia ,  Burkholderia 
pseudomalleipseudomallei  

BBURNSURNS: : Pseudomonas aeruginosa,Pseudomonas aeruginosa,  pyogenic pyogenic 
coccicocci  

  



Skin and hypodermisSkin and hypodermis  III III ––  revision revision   

WWOUNDS IN WATEROUNDS IN WATER: : Pseudomonas Pseudomonas 

aeruginosa, aeruginosa, AeromonasAeromonas  hydrophilahydrophila; ; Vibrio Vibrio 

vulnificus, V. parahaemolyticus, vulnificus, V. parahaemolyticus, 

MycobacteriumMycobacterium  marinummarinum  

WWOUNDS IN THE TROPICSOUNDS IN THE TROPICS: : Dermatophilus Dermatophilus 

congolensis, Rhodococcus equi, congolensis, Rhodococcus equi, 

Mycobacterium ulcerans, Mycob. marinum; Mycobacterium ulcerans, Mycob. marinum; 

Sporothrix schenckii Sporothrix schenckii   and many other and many other 

micromycetesmicromycetes  



Placenta Placenta ––  revision revision   

Congenital infectionsCongenital infections  (= infections acquired (= infections acquired 

during pregnancy)during pregnancy)  

VVIRALIRAL: rubella v.: rubella v.  (Rubivirus(Rubivirus), parvovirus B19 ), parvovirus B19 

((ErythrovirusErythrovirus), ), cytomegaloviruscytomegalovirus  (CMV),  (CMV),  

varicellavaricella--zoster v. (VZV), herpes simplex v. zoster v. (VZV), herpes simplex v. 

(HSV)(HSV)  

BBACTERIALACTERIAL: : TreponemaTreponema  pallidum, Listeria pallidum, Listeria 

monocytogenesmonocytogenes  

PPARASITICARASITIC: : ToxoplasmaToxoplasma  gondiigondii  

……  



SSPREAD OF INFECTIONPREAD OF INFECTION  

(dissemination of the agent)(dissemination of the agent)  
  

BBy means of y means of   

    a) a) lymph lymph   

    b) b) blood blood   

          c) c) per continuitatem per continuitatem   

    d) d) along nervesalong nerves  

  



a) a) Spreading by means of Spreading by means of lymphlymph  

sskinkin  →→  regional regional lymphatic nodeslymphatic nodes: : pyogenic cocci,   pyogenic cocci,   

F. tularensis, Y. pestisF. tularensis, Y. pestis; arboviruses; arboviruses  

oropharynx, tonsilsoropharynx, tonsils  →→  cervical nodescervical nodes: : S. pyogenes, S. pyogenes, 

C. diphtheriae, M. tuberculosis, C. diphtheriae, M. tuberculosis, anaerobes anaerobes 

((Actinomyces israeliActinomyces israeli, , PrevotellaPrevotella), ), T. gondiiT. gondii  

llungsungs  →→  hilar nodeshilar nodes: : M. tbc, B. anthracis, M. tbc, B. anthracis, other other 

respiratory pathogensrespiratory pathogens  

genital mucosagenital mucosa  →→  inguinal nodesinguinal nodes: : Treponema Treponema 

pallidum, Ch. trachomatis pallidum, Ch. trachomatis L1L1--L3L3, H. ducreyi, H. ducreyi  

Peyer plaquesPeyer plaques  →→  mesenteric nodesmesenteric nodes: : Yersinia Yersinia 

enterocoliticaenterocolitica, enteric adenoviruses, enteroviruses, enteric adenoviruses, enteroviruses  



b) b) Spreading by means of Spreading by means of bloodblood  

Agents of Agents of all generalized infectionsall generalized infections: : 

exanthematic viruses, enteroviruses, exanthematic viruses, enteroviruses, 

arboviruses, arboviruses, Treponema pallidum, Treponema pallidum, 

Salmonella Salmonella Typhi and many othersTyphi and many others  

Agents of Agents of pneumoniapneumonia  commonly appear in commonly appear in 

blood: blood: especially especially Strept. pneumoniaeStrept. pneumoniae  

As As complicationscomplications  agents agents of otherof other  systemic systemic 

and local infections: and local infections: during meningitis, during meningitis, 

pyelonephritis (urosepsis), suppurating pyelonephritis (urosepsis), suppurating 

wounds and suchlikewounds and suchlike  

  



c) c) Spreading Spreading per continuitatemper continuitatem  

From From cell to cellcell to cell: : HSV, RSV, listeriae, yersiniaeHSV, RSV, listeriae, yersiniae  

By means of By means of secretion down the mucosasecretion down the mucosa: : agents of agents of 

respiratory, enteric and urogenital infectionsrespiratory, enteric and urogenital infections  

From the site of From the site of arthropod bitingarthropod biting  to its vicinity: to its vicinity: 

arboviruses, arboviruses, Borrelia burgdorferiBorrelia burgdorferi  

From the From the wound to adjacent tissuewound to adjacent tissue:  :  Streptococcus Streptococcus 

pyogenes, Clostridiumpyogenes, Clostridium  perfringensperfringens  

From the From the middle ear to meningesmiddle ear to meninges: : S. pneumoniae, S. pneumoniae, 

Haemophilus influenzae Haemophilus influenzae type btype b  

From From lungs to pleuralungs to pleura::  agents of pneumoniaagents of pneumonia  



d) d) Spreading along Spreading along nervesnerves  

Either Either axonallyaxonally    (within nerve fibres) (within nerve fibres)   

or byor by  progressive progressive infection of Schwann infection of Schwann 

sheathsheath  

  

Herpes simplex v., varicellaHerpes simplex v., varicella--zoster v., zoster v., BB--virus, virus, 

rabies virusrabies virus  

Mycobacterium lepraeMycobacterium leprae  

Naegleria fowleriNaegleria fowleri  

tetanic toxintetanic toxin  



EELIMINATION OF AGENTS FROM LIMINATION OF AGENTS FROM 

THE BODYTHE BODY  
  

FFrom the rom the mucosamucosa  of                                  of                                  
respiratory tract                                           respiratory tract                                           
and oral cavity,                                                and oral cavity,                                                
intestine,                                                        intestine,                                                        
urogenital tract, urogenital tract,   

  eye                                                eye                                                  

From From skinskin  lesionslesions  

By means of By means of urineurine  

From From bloodblood  

  

  



Elimination Elimination from respiratory tractfrom respiratory tract  

  

  

SneezingSneezing: :     

in particular agents of in particular agents of common coldcommon cold  

(rhinoviruses, coronaviruses), (rhinoviruses, coronaviruses),   

fromfrom  bacteriabacteria  e.g.e.g.  Neisseria meningitidisNeisseria meningitidis  

CoughingCoughing: :   

other respiratory viruses (primarily other respiratory viruses (primarily influenzainfluenza  

virusvirus), ),   

exanthematic virusesexanthematic viruses  (VZV, morbilli virus, (VZV, morbilli virus, 

rubella virus), rubella virus),   

NNeisseiss. meningitidis. meningitidis, , BBordetellaordetella  pertussispertussis, , 

MMycob.ycob.  tuberculosistuberculosis, Y, Yersiniaersinia  pestispestis  



Elimination Elimination from alimentary tractfrom alimentary tract  

SalivaSaliva::  

HSVHSV, , EBVEBV, , mumpsmumps  virus, virus, Str. pyogenesStr. pyogenes  

StoolStool::  

enterovirusesenteroviruses  (incl. poliovirus), (incl. poliovirus), HAVHAV, HEV, HEV  

salmonellaesalmonellae  incl. incl. SSalmalm. . Typhi, Typhi, shigellaeshigellae, , 

EPEC, ETEC etc., EPEC, ETEC etc., V. cholerae, C. difficileV. cholerae, C. difficile  

Entamoeba histolytica, Giardia lambliaEntamoeba histolytica, Giardia lamblia  

Ascaris lumbricoides, Taenia saginataAscaris lumbricoides, Taenia saginata  

  

  



Elimination Elimination from urogenital tractfrom urogenital tract  

From diseased mucosaeFrom diseased mucosae::  

Agents of Agents of classic venereal infectionsclassic venereal infections: in Europe : in Europe 

NNeisseiss. gonorrhoeae. gonorrhoeae, , TTreponemareponema  pallidumpallidum  

Agents of Agents of otherother  sexually transmitted diseases (sexually transmitted diseases (STDSTD): ): 

CChlamydiahlamydia  trachomatistrachomatis  serotypes serotypes DD--KK,,  

papillomavirusespapillomaviruses, HSV, HSV--22  

By means of urineBy means of urine::  

Salmonella Salmonella TyphiTyphi  

Agents of cAgents of congenital infections (rubella virus, CMV)  ongenital infections (rubella virus, CMV)    

Exotic viruses of hemorrhagic fevers (Ebola)Exotic viruses of hemorrhagic fevers (Ebola)  



Elimination Elimination from skinfrom skin  lesionslesions  

  

Staphylococcus aureus Staphylococcus aureus   

Streptococcus pyogenesStreptococcus pyogenes  

VaricellaVaricella--zoster virus (agent of chickenpox zoster virus (agent of chickenpox 
and shingles)and shingles)  

PapillomavirusesPapillomaviruses  (agents of warts)(agents of warts)  

DermatophytesDermatophytes    (e.g. (e.g. Trichophyton rubrumTrichophyton rubrum, , 
Microsporum canis, Epidermophyton Microsporum canis, Epidermophyton 
floccosumfloccosum))  

Sarcoptes scabiei Sarcoptes scabiei (itch(itch--mite)mite)  

  

  



Elimination Elimination from bloodfrom blood  

By means of By means of vectorsvectors: :   

  ticktick--borne encephalitis virusborne encephalitis virus  ––  ticksticks, yellow , yellow 
fever virus fever virus ––  mosquitoes mosquitoes   

  Rickettsia prowazekiiRickettsia prowazekii  ––  licelice,,  Yersinia pestisYersinia pestis  
––  fleas, fleas,   Borrelia recurrentisBorrelia recurrentis  ––  lice lice     

  Malaric plasmodiaMalaric plasmodia  ––  mosquitoes mosquitoes     

  

By means of small By means of small cracks in mucosacracks in mucosa: HBV: HBV, , 
HIVHIV  

… 



Recommended reading materialRecommended reading material    

Paul de Kruif: Microbe HuntersPaul de Kruif: Microbe Hunters  

Paul de Kruif: Men against DeathPaul de Kruif: Men against Death  

Axel Munthe: The Story of San MicheleAxel Munthe: The Story of San Michele  

Sinclair Lewis: ArrowsmithSinclair Lewis: Arrowsmith  

André Maurois: La vie de Sir Alexander FlemingAndré Maurois: La vie de Sir Alexander Fleming  

Michael Crichton: Andromeda StrainMichael Crichton: Andromeda Strain  

Albert Camus: Peste (The Plague)Albert Camus: Peste (The Plague)  

Victor Heisser: Victor Heisser: An American Doctor OdysseyAn American Doctor Odyssey  

Richard Preston: The Hot ZoneRichard Preston: The Hot Zone  

  

  

  

Please mail me other suggestions at:Please mail me other suggestions at:  

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

Thank you for your attentionThank you for your attention  
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