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Human body:

10" human cells
* 10" bacterial cells

(100 trillions)
~ 2 kg

Earth:

e 1039 microbial cells




The Subject of Medical Microbiology

» General microbiology
properties of microorganisms, their pathogenicity, their interaction with a host, pathogenesis of
infectious diseases, residential microbiota (flora), antibiotics

« Special microbiology
individual microorganisms:

— Dbacteria i
— viruses Ir'!l
— fungi n
— parasites _;}_'\‘ax}iax\xxxxiiﬁx s g_xxx«é@

 Clinical microbiology
microbiological examination, diagnostics of infectious agents in relation to clinical picture,
antimicrobial therapy




Lectures summer semester

Molecular microbiology

Bacterial cell structure. Pathogenicity.

Antimicrobial therapy I.

Antimicrobial therapy Il

Staphylococci.

Streptococci and enterococci.

Corynebacteria, listeria, clostridia.

Enterobacteria. Pseudomonads and other G- nonferementers.

Bordetella. Legionella. Meningococci. Haemophilus.

Campylobacter and helicobacter. Anaerobic bacteria.

Atypical bacteria (rickettsia, bartonela, chlamydia, mycoplasma).

Mycobacteria. Spirochetes.




Lectures winter semester

CAVE! Medical mycology

no longer General virology

practicals/seminars

_ _ Viral exanthem rash
during winter

semester Herpesviruses

Protosoa

Helminths

Alimentary infections

Respiratory infections

Respiratory viruses

Haemorrhagic fevers

Bloodstream infections. Sepsis.

Healthcare associated infections




Lectures winter semester

CAVE! Neuroinfections

. : nev.
no longer Infections in pregancy

practicals/seminars

) _ Sexually transmitted infections.
during winter

semester Urinary tract infections.

Virus HIV and hepatitis viruses

Bone and joint infections

Soft tissue infections

Microbiota

Clostridioides difficile infections

MDR bacteria

Vaccination




How to not get lost in bacterial classification?

Gram staining:
. Gram positive
. Gram negative

15 IT BECAUSE I'M . ' i
GRAM NEGATIVEZ | * _ ;

Bacterial cell shape:
. cocci
. rods (bacilli)

Relation to oxygen: Cocci
. aerobes @ a0 Qo ‘0
* anaerObeS HanS ChriStian Gram Coccus Diplococci (er?clzgg’sctﬁg?éd) Staphylococci
1853 - 1938
osttonee §§ 8B

... always a grey zone can be found - Sarcins Tewsd

» not stainable with Gram Bacill

« coccobacilli and other shapes - _ —

o faCUItatlve anaerObeS Coccobacillus Bacillus Diplobacilli

¥ 'V\]
 Eam = i G Ii !

Streptobacilli Palisades



G+ cocci

G+ Koky

| StOpNyloCoocus SpR.

StreptoCoCcus spp.

o000,

oS

Impetigo, follkulitioa, funinkl, karbumkl,
nidrosadenitls su FI]!I.I\EH'H

Osteomyelitida a spondylodiscliioa,
Infekce pohybovEno aparatu nnlsava artritida

Respiratni Infekce Pniaumonia
nfekce kreviino fedlstd Katatrove Infekce, sepsa, AL endokarditida, Neptida
rogenitalni Infekca Abscedulici pyelonefritida

Infekce kO2e 3 mékkych tkani

Infekca wwolang Erterotoxikoza, syndrom toxickeno Soku (TSSh
Geinkem toxdnd syndrom opafens kiize (S555)

infekce krevning fecists Kzt trové Infekce, Infekca [ narkomand
Koagutiza negativni [ 5 €ploermigis § infekee kosti 3 kiound Infekee Implantitl, septicks artritidy
Mocové Infekce Akutni cystitioa

L5 'sapr'aiﬁﬂi:ui}
Axutni tonzilitioa,

Resplracni Infakce akutni faryngltida 2 tonzilofaryngyllda

Nifokcn ik Impetigo, Tollkulltida, furunkl, karobunkl
—[ celulltida, erysipst
Nekrotizufic fasclitida
Myozitida a myonexriza
Zivot ohrofufici kompilkace Sepse, syndrom toxlckéno Soku (STES)
Revmaticka horecka
fkutni postinfekeni glomeruionemmtida

Infekce novorozence Sepse, pneumonie, purslentni meningltida
% Endometritida
{ Infekce chronlckycn ran, mékigrch tkani, kiound

Pnzumonle, puruientni meningltlaa
akutni zangt stfedniho wcha, akutni mincsinusitioa

Infekce mekkych tkdni I
L

Beta-hemolyticke

Pozdni nasledky

Non-beta-nemolytické (_S: Preumoniae |
Listni streptokoky” |
(5. mitfs, 5. mutons, 5. solivarius, 5. sanguinis) |

infekce mocovych a Hutowwoh cest, Intraabdominaini a gynekokogdlcke infekce, Inf. endokarditida

Zubni kaz, InfekEni endokarditida

Komunitni infekce

| Enterococcus spp. H

Nozokomiaini Infekce  infekce moCowych cest, Intrazbdominaini Infekce, Infekce krevmiho fedlSte a sepse

G+ anaerobni koky

lmpmmemacurcusspp. Anasrooni infekce




G+ rods (spore forming yes or no)

G+ sporulufic
tyinky

[ B onthrocis

BRcis spp, BrotoiKiza, enoonaimitida, INTeECe IMUROKOMETORILOVanycn pacientd

_ .. Celultida, fasciitida, myonekriza
Infekce ran 3 makkich tani

Plynata gangréna

1 C ingens Enterotoxlkiza

L= Rk Gastrointestindlni infekce.  ——————
Nekrotizufici enteritida

Skupina histotoxickych kiostridii FT.ITJL’I.I’NI Celulitida, Tasclitioa, myonekroza

— -~ Plynata gangréna
. C ﬂgq}l[ &
Celulitiga, Tasclitioa, myonekriza

LI C nistolyticum J'
Clostridium spp. || _ BOtuULISTUS

G+ nesporulujici
tytinky

”~| 7

Zdravy dospely Clovek Gastroenteritida
IMUnRCKOmOremitovany dospary Govex Sepse, puruientni maningitoa

F 3 . Lsteriza - v

| Listeria spp. —| L monocytogenes 4I T2hotnd Zena Potrat / pfeacasny porod Piod  Chorloamnionitioa
Kovorozencl Chorloamnlonitida, puruientni meningltida, pneumaenle, sepsa

Tonzllofaryngltlda, Infekoe ran, vzacné at sepse

| Arcanobacterium spp._ |

J
Difterfe (zaskrt), myokarditida, polyne uropatia

TonzhItida, Infekce ran

| Conynebacterium spp. Infekce katétrd, kardiostimulatord, kioubnich nanrad

| C.Jelkeium |
" C. ureatyticum |
Kokargliza

Infakce mocovich cest

Profesni nakazy ko@ni InTekce, Infekini endokarditida

| Erysipelotnrixspp. — E musiopathice |

G+ nesporutufici
anaerobni tycinky

Axktinomykoza

| Acunomyces spp. | A tsroell |——————

. Acne vokgaris
Propionibacterium spp. |— R gcnes —HI




G- cocci

G- aerobni
nebo mikroaerofilni koky

Neisseria Spp.

Nelsseria gonorrhoeae

rapavka

ophthalmia neonatorum

Neisseria meningitidis

Hnisava meningitida; sepse

G=anaerobni koky nella spp.




G- rods (part I)

G- nefermentujici tyCinly

Burkholderia cepacia Preumonie (pacienti s CF), Hal

Burkholderia spp.

Burkhoiderio maliel, B. pseudomallei

Hal (sepse, ventildtorové presmonie,
Pseudomonas gervginosa infakce rani t inf
Pseudomonadocene q infakce ran), oportunni i

Ostaini pseudomonady

Stenotronhomonas SPP.

inetobacter baumanii Hal, infekce popalenin, inf imunokompromitovwanych

()

N

Bez pevného zafazeni

Moraxella (Brenhamella) cotarrhalis Respiraini infekce

G- kultivacné narocné
aerobni tycindy

Partussls (divivy kadel, fernf kael)

Bordetella spp.

Parapertussis

Bruceila abortus, B. melitensis, B. suis et B. canis Bruceldza Undulujici horeéka...

Brucella Spp.

Francisella tularensis Tularémis

Francisella spp.

Legionella preumophila Fontiackd horefka, legionafskd nemoc
_— Legionella spp.
Gardnerelia SPP-
G- mikroaerofilni tycinky
Enteritida, nékdy s krvavgm primem; cestovatelské
Compylobacter fejumi prijmy; pseudoapendicitida

" Campytobaocter spp. —[ Campylobacter coli, C. fetus

Chronickd gastritida a gastro=duodendlni wedy

Helicobocter pylori

Helicabacter Spp. L Riziko MALT tymfomu, adenckarcinomu Zaludiku




G- rods (part Il)

ETEC Cestovatelské prajmy

EPEC Pritimy u diti

G- fakultativné anaerobni w: !
h,rfinky Ervave prujmy, hemoragicka kolitida;
EHEC Hemalyticke-Uremicky sy (HUS)

Escherichia coli

EIEC Krvavé prijmy (dysentery-like syndrome)

Escherichia spp

EAEC Prijmy (cestovateliske; u déti)

Uropatagenal kmeny  80-30% infekc modovych cest

Opartunni infekce (sepse; hnisava meningitida;
pnsumonie; HAJ..)

serovar Enteritidis  Gastroenteritida = salmoneldza

Salmenella enterica

(5. e. subsp. enterica) {samwr Typhimurium  Gastroenteritida = salmoneldza
r—{ Salmonella spp.

{52"}\?' Typhi et Paratyphi  BSni tyfus (typhoid fever)

Yersinia pestis Dyméjovy (bubonicky) mar Septicka/plicni forma

Gastroenteritida, sepse

Yersinia spp.

. Yersinio psevdotuberculosis
Enterobocteriaceoe —|

Shigella dysenterige  Bacilarni dysenterie (Gplavice)  Hemoragicka kelitida a HUS

Shigella spp. Shigella sonnel, S, boydii, 5. flexmeri

Klebsielio axytocn

Klebsiella preumoniae
Klebsiello spp.

L Klebsieila granulomatis

Proteus mirabilis, P vulgaris Mocové infekce aj,

U0

Proteus Spp.




G- rods (part Ill)

Vibrionaceae

Pasteurella multocida Infekce po kousnuti psem

Pasteurelloceae —

Epiglotitida, sinusitida, bronchopneumonie,
otitis media

Haemaphilus influenzae

Invazivni: Sepse a hnisavd meningitida

Sp=eenl|

Hoemophilus aegypticus Purulentni konjunktivitidu
Hoemophilus haemolyticus Oportunni infekce

L Haemophilus ducreyi STD = ulcus molle
Haemophilus parginfivenzoe Lokaini infekce (neinvazivni)

\,

G- anerobni bakterie

G- anerabni tyCinky a viakna —

Bacterpides Spp.

Porphyromonas spp.

Prevotelln spp.




Vache atteinte de cow-pox gy

Other big names

Edward Jenner
1749 — 1823

eradication 1980




Syfilis; one of signs of secondary stage

"Greatpox"

(ultrarare today)



P . Wait ‘ ‘
~ Y

Boif 6
i No growth
Mot Wait ™
T | |
Break neck |

Microbial growth

Louis Pasteur 3

1822 - 1895
SpoMmiasma

Vaccine against anthrax (in animals) and rabies



Mycobacterium
tuberculosis

Vibrio cholerae

Robert Koch
1843 - 1910

Bacillus anthracis
and its spores




 "Magic bullet"
» dawn of chemotherapy era

» Salvarsan: drug against syphilis

Paul Ehrlich
1854 - 1915



ON THE ANTIBACTERIAL ACTION OF CULTURES OF A
PENICILLIUM, WITH SPECIAL REFERENCE TO THEIR
USE IN THE ISOLATION OF B. INFLUENZAZE.
ALEXANDER FLEMING, F.R.CS.

From the Laboratories of the Inoculation Department, St Mary's Hospital, London.

Received for publication May 10th, 1929.

Alexander Fleming
1881 - 1955

Penicillium colony.

Staphylococei under-
going lysis.

* Discovery of penicillin in 1928

» Go into therapy in 1941
(Walter Florey, Ernst Chain)

Normal staphylococea

"That's funny"



Its organization
Its evolution

Bacterial genome

Fimbrium

Cytoplasm

Flagellum

e chromosomal DNA (Mb units)

» extrachromosomal DNA (plasmid - hundreds kb)



Individual genes

« structural (protein coding)

a gene length ~ 1 kb
structural genes ~ 90% of genome !

Prokaryotic Ribosome

wsoy « genes for rRNA (16S rRNA, 23S rRNA, 5S rRNA)

~

- genes for tRNA _  not translated

wso - additional non coding RNA )small RNA)




Genome structure

Flexible

Gene Pool
Genomic islands
Genomic islets
Phages
Plasmids
Integrons
Transposons

Core
Gene Pool

Chromosome
(Plasmids)

Housekeeping genes: Additional genes:
encoding encoding

 ribosomes « Pathogenicity

« Cell wall » AB resistance

Metabolic pathways  Mobile genetic elements
*  DNA replication .

— genome plasticity



Transformation

Transduction

Conjugation

a Bacterial transformation

Release of

&o¢

Antibiotic-

: Recipient cell
resistance gene

Donor cell

|b Bacterial transduction

% >
Rele ase crI"

Phage-infected donor cell phage

%@%,

Recipient cell

Recipient cell

C Bacterial conjugation

Transposon-  Donor cell




Mobile genetic elements

Inter bacteria:

transformation \

Bacteriophages

v

transduction

Plasmids

v

conjugation horizontal
gene
> transfer

Intra bacteria:

Insertion sequence
transposon

} — transposition
J



Transposable elements

DNA that is capable of movement within the genome

Insert|on Sequence Genes for transposition
(0,8 - 2,5 kb)

“w

Inverted repeats

Transposons Genes for
(3 - 30 kb) DRiagasiion Structural genes

I:Hj
v

Inverted IS



Genomic islands

transposition can end up
with the creation of genomic islands
(10 - 200 kb)

- resistance islands (RI)
- pathogenicity island (PAl)

(not present on avirulent strains of the same species)

[ Genomic Island e

tRNA int abc def ghi IS IS Core
we TN T T T T 7
—
DR DR
C+G
60 ¢ o
50 it
40 rh
| | I | |
1 1 77 1 T
10 20 50 60 pp)




Resistance island and Acinetobacter baumannii

64 kb in length
23 genes of resistance on various transposable elements disruption of a gene for ATPase
clone of A. baumannii with a multiresistant phenotype

X mmp
| ........................................ o 'I

O+IR
FATPase ol fmid fnig, o2 o3 g gxB arsM  #EE SR amC AusA cadR cadh lwmA fond b fopA C‘”}{Dﬁ.:‘_’
ﬂ]d@:ﬁ:}c}(ﬁb{:@ﬁ: (4 Qezgn L
. |

10755 bp (Hime|| 89, 595, 2360, 3408, 4015)

seld  orfd

4208 bp (Clz | 1680, 2529)

Y *
I f=  sewdnb
ISB00  fmoA wf2y merE meD %erﬁl arers mred mer T mer® el fefd Eec.lh' & farA catdi A AdarA  fmal e
4308 bp [Apal 633,1170,2608 6199 bp [Aga| 1231,4902
PHlARSDE3 A 1M0,2808) 517 bp [Hind Il 1386 2231 P gz A908) 1562 b 701 b
(Beral 146,542 264) (ScoR |50, 1372 1520

AfgaR 1525 aghal 1526 inft sact! orfFodFPorl smidi sul oS resX Afbl cooR cadh lspA fnpd Awspd sap orfd YD magpang

w2 fga C)len ) O) ) Q edperzy 2 ey (0 vhn) > (3 4z e

| sresby ' -
F (B!l 535, 1086, 1357 2104) T e
8520 bp (BantHI 1470,4113) 3245 bp [Himell 427,619,1249,1550] R [t ellieal fa29,4023)




just a note: Spanish flu H1N1 and its fate

Historical Perspective — Emergence of Influenza A (HIN1) Viruses

Shanta M. Zimmer, M.D., and Donald S. Burke, M.D.

Avian H1N1 reservoir
Avian [ . - >

L : L}
L L}
" L]

. . - ‘

inter-species transmission ¥  Eurasian swine :>
L] [
LI |
- + Classical HIN1 swine (North American)
i C >
: " H

Swine - ; '
- ; ' Triple
- i 1 reassortant l;»
? i : Ll
- ' - - - -
3 i ' inter-species transmission
: ! : TR
E Sporadic cases Fort Dix 1976 : Pandemic

3, H - - I - - I
Human i novel antigenic variants, | 1977: 1!:
¥ replaced with H2N2 in 1957 escape from
e | laboratory ?
1918 1957 1977 2009

, July 16, 2009
,./‘., ﬁl The NEW ENGLAND - |

%i.7/ JOURNAL of MEDICINE



Pathogenicity island and ...



Black death

1. the Justinian plague (542 - 757)
2. Black Death (Europe, 1346 - 1352 and till 18t century)
3. Third pandemics (China, 1860 — 1890s)

over 200 mil people killed

today endemic in Africa, Asia, N. America
in 1997: 5500 cases (and 270 deaths)

bubonic form
septicemic
*  pneumonic




Black death

1894: Alexandre Yersin — discovered the cause: Yersinia (Pasteurella) pestis
1898: Paul-Louis Simond — discovered the route of transmission
(dead rats as a good hint)

Why pandemics?

 adense human population cohabiting with infected rats
* low hygiene standards

* alarge and susceptible rat population

« development of pneumonic form

« extremely low infectious dose



Pathogenicity island and ...

Yersinia pseudotuberculosis

A Insertion sequence: 20

IP32953

4,744,671 bp

sonof Pathogenicity island:
N om0

Pseudogenes: 62

Yersinia pestis

Insertion sequence: 138

T i

Wy

3.0

Pathogenicity island: 21

(incl. genes for insect pathogens)

T T— y
i di W -

Pseudogenes: 149

Chain et al: Insights into the evolution of Y. pestis ... 2004.



What happens to bacterial genome

* Its flexible part is really in motion

« adaptability of the organism to new conditions
- random mutations

- horizontal gene tranfer: acquisition, loss, inactivation/activation
- intragenomic recombination

Flexible
Gene Pool
Genomic islands
Genomic islets
Phages
Plasmids
Integrons
Transposons

Core
Gene Pool

Chromosome
(Plasmids)



obligate

intracellular
pathogens

- Yersinia pestis
- Salmonella Typhi

Bacterial
genome

opportunistic

extracellular
pathogens

- Acinetobacter baumannii



Typhus

War Fever, ,Jail Fever:

. June 1812: Grand Army entering Russia; 500,000 troops

Sept 7, 1812: battle at Borodino, 130,000 troops

Sept 14, 1812: seizing Moscow, 90,000 troops

. Dec 1812: on retreat, 20,000 troops, just 1,000 fit for duty



Typhus

1909: Charles Nicolle - discovered the transmission

1916: Henrique Da Rocha-Lima
- discovered the cause of the disease:

Rickettsia prowazekii

T Howard Ricketts
T Stanislaus Von Prowazek

Why epidemics?

overcrowded places
low hygiene
body lice

SO A

L A :

contaminated faeces



