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Human body:

3x 10"3 human cells
3,8x 1013 bacterial cells

(38 trillions)
~ 0.2 kg
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Earth:
1030 bacterial 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:
— bacteria
— viruses
— fungi
— parasites

* Clinical microbiology

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




Lectures summer semester

Bacterial cell structure. Pathogenicity.

Molecular microbiology.

Antimicrobial therapy I.

Antimicrobial therapy II.




Lectures summer semester

Bacterial cell structure. Pathogenicity.

Molecular microbiology.

Antimicrobial therapy I.

Antimicrobial therapy II.

G+ cocci | (Staphylococci).

G+ cocci Il (Streptococci and enterococci).

G+ rods (Corynebacteria, listeria, clostridia).

G- rods | (Enterobacteria). Anaerobic bacteria.

G- rods Il (Pseudomonads and other G- nonferementers, campylobacter).

Difficult to culture (fastidious) bacteria.

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

Atypical bacteria Il (Mycobacteria. Spirochetes).




Lectures winter semester

CAVE! Medical mycology

no longer General virology

practicals/seminars

_ _ Viral exanthem rash
during winter

semester Herpesviruses

Protosoa

Helminths




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

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 (G+)
. Gram negative (G-)

IS IT BECAUSE I'M i ' i
GRAM NEGATIVEZ [ _

Bacterial cell shape:
. cocci
. rods (bacilli)

Relation to oxygen:

. aerobes A & 9B o a’
* anaerObeS HanS ChriStian Gram Coccus Diplococci (E[?ég?;ﬁggd) Staphylococci
1853 - 1938
... always a grey zone can be found T Sarcina Terad

* not stainable with Gram
* coccobacilli and other shapes = _ |
o faCUItat|Ve anaerObeS Coccobacillus Bacillus Diplobacilli

| |
1]

|
1)L

Streptobacilli Palisades



G+ cocci

Genus name Species hame

G+ koky

| Staphylococcus spp. |

Impetigo, follkulitioa, furunkl, Karounkl,
Infekce kife a mékkych thani nidrosadenitls suppurativa

Osteomyelitida a spondylodiscitida,
Infekce pohyboweno aparatu nnisava artritida

Respiracni Infekce Pneumonle
Koagulaza pozitl nfekce krevnino fedlsté Katatrove Infekce, sepsa, Inf. endokarditida, Nebltlda
UIrggenitani Infekce Abscedujici pyelonefritida

Infekce wywolang Entarotoxikoza, syndrom toxlckeno Soku (TSS),

acinkem toxind syndrom opafend klida (5555)
Infekce krayning faclsta Katdtrowe Infekce, Infekce 1w narkomand
Koagulaza negativii [ | 5. epigermiais { Infekce kosti a kloubd Infekce Implantiti, septické artritidy

Mocové InTekce Akutni cystitida

L | 5. saprophyticus |
Akutni tonzilitiaa,

Resplratni Infekce akutni raryngltida a tonzlofaryngytida
Impetlgo, follkulitida, furunkl, karbunkl
Celulltida, erysipal
. . Mekrotizu)id Tasciitida
Infekoe mekkych tkani [ =
{  Myozitida a myonekraza
Fivot onrofujici komplikace Sepse, syndrom toxlckEno Soku (STSS)
Revmaticka horedka

Infekoe Kide

Beta-hemolyticke

Streptococcus spp. |

“Peo0q,

Pozdni nasledky

Akutni postinfekinl glomerulonefritida
Infekce novorozence Sepse, pneumonie, purulentni meningltida
Endometritida

Infekce chronlckych ran, mékkych tkani, kiound

Pneumonle, purulentni meningltlda
akutni zanét stfedniho ucha, akutni rhinosinusitida

<. agalactioe

Dalsi Infekce

Non-beta hemolyticks [ |_S- Pneumoniae

e

LIstni streptokoky” |  Zubni kaz, Infektni endokargitoa
(5. mitls, 5. mutans, 5. salivarlus, 5. sanguinis) |
Komunitni Infexce Infekce moCowych a ZluCovich cast, Intrazbdominadini a gynekologicke Infekce, Inf. endokarditida

Enterococcus spp. H

Mozokomlaini Infekce  Infekce mocovych cest, Intraabdomindini Infekce, Infekce krewnino fedlsts a sepse

G+ anaerobni Koky

Peptostreplococcus spp. ] Anaerobni Infekce

pyogenic infections

pyogenic infections



G+ rods (spore forming: yes or no)

G+ sporulufici
tyCinky

trax (snét slezinna)

{ B. antnracis

Bacillus spp. erotoxkiza, endomalmitida, Infekce ImMunokompromitovanych pacientd

Celulltida, fasciltida, myonekriza

Infekce ran 3 makkycn teani | =
-
Enterotoxlkdza

Mekrotizujici enteritida

—~ L ngens
pemring Gastrolntestinalni Infekce

Celulitida, fasciitida, myonekriza

Skupina histotoxlckych klostridii \"C septicum |
Plynata gangréna

" C novyr |
Celulitida, rasciitida, myonekriza

- T nistolyticum |

' Clostridium spp. |

G+ nesporulufici
tycinky

-7

Zdravy dospély Clovek Gastroenteritida
stertie T mu nokompromitovany dospaly Clovek Sepse, purulantni meningltida
| Listeria spp. —[ L monocytogenes 4[ Tehotna Z2ena Potrat / pfedtasny porod  Pied  Chorloamnionitida
Novorozencl Chorloamnlonitida, purulentn meningitida, pneumonle, sepsa

| Tonzllofaryngitida, Infekoe ran, vzacné af sapse
J
Dirterle (zaskrt), myokardltioa, polynauropatle

| Arcanobacterium spp.

C. diptherioe

h !==H -" I!
* el

-

Tonzilitlda, Infekce ran

Corynebacterium spp.

Infekce katétrl, kardlostimulatord, Kloubnich nanrad

C. Jelkelum
Infakce mocovych cest

C. uregiyticum |
Nokardldza

| Nocardia spp. || M. gsteroldes —————

Profesni na koini Infekce, Infekcni endokarditida
Erysipelothrix spp. | E. ruslopathioe kazy
. Aktinomykoza
G+ nesporulufici | Actinomyces spp. |- A. Isroeli ]7:“
anaerobni tyclnky A2 vukgarts

Proplonibacterium spp. |- P acnes

anthrax

tetanus

diphtheria



G- cocci

meningitis
(not the only one)

Kapavka
Nelsseria gonorrhoeae

G- aerobni Ophthalmia neonatarum

nebo mikroaerofilni koky

Neisserig meningitidis Hnisava meningitida; sepse

Meisseria spp.

S |

L.

G=anaerabni koky — Veillanella spp.




G- rods (part I)

G- nefermentujici tydinky

Burkhelderia cepacia Preumonie (pacienti 5 CF), HAl

| Burkholderia spp. -[ Burkholderia maliei, B. pseudomalled

. HAI (s2pse, ventilitorove pneumonie,
Pseudemonas geruginosa infekce ran), opartunni inf

Pseudomanadoceas —|

| Pseudomonas spp. -I Ostatni pseudomonddy

— Stenotroptomonas SPP.

inetobacter baumanii Hal, infekce popalenin, inf imunokompromitovanych

Bez pevniha zafazeni . L
Moraxella (Branhamella) cotarrhalis Respiracni infekce

G- kultivatné naroiné
aerobni tyCinky

Pertussis (davivie kagel, Serny kadel)

Bordetella spp. Parapertussis
Bruceila abortus, B. melitensis, B. suis et B. canis Bruceldza Undulujici horeéka.,..
Brucelia SpP.
Francisella tularensis Tularémie
Francisella spp.
Legionella preumaphila Pontiackd horelka, legionafska nemoc

Legionella spp.

G- mikroaerofilni tydinky

AT

Gardnerella =PP-

Emteritida, nékdy s krvavym primem; cestovatelske
Campylobacter jejuni prajmy; pseudoapendicitida

. Cﬂ'mpﬁﬂbﬂﬂzr Spp. { mmpﬂwm mirr Lfﬂus

Chrgnicki gastritida a gastro=duodenalni viedy

Helicobacter pylori
Helicobacter Spp. L Riziko MALT lymfomu, adenckarcinomu Zaludku

nosocomial infections
(not the only one)

whooping cough



G- rods (part I1)

G- fakultativné anasrobni

tycinky

Enterobacterigceae =

Cestovatelske prijmy

Prijmy u déti

EHEC

Krvavé prajmy, hemeragicka kelitida;
Hemalyticke-Uramicky sy (HUS)

~ Escherichia Spp.

Escherichia coli EIEC

Krvave prajmy (dysentery=like syndrome)

EAEC

Prijmy (cestovatelske: u déti)

Uropatogenni kmeny  30-90% infekcl mocovich cest

Opartunni infekee {sepse; hnisava meningitida;

preumonie: HAL.)

serovar Enteritidis  Gastroenteritida = salmonelaza

Salmonella enterlca

l— Salmenella spp.

(5. e, subsp. enterica) [strwar Typhimurium  Gastroenteritida = salmoneldza

b

{ serovar Typhi et Paratyphi  BiSni tyfus (typhoid fever)

Yersinia pestis Dyméjoviy (bubonicky) mor Septicka/plicni forma

Gastrognteritida, sepse

I Yersinia spp. l

Yersinia psevdotuberculesis

Shigella dysenterice  Bacilarni dysenterie (Oplavice)  Hemoragicka kolitida a HUS

| Shigella spp. —L Shigella sonnei, 5. boydii, 5. flexneri

Klebsielio oxytoca

Klebsiella preumaniae

I Klebsiella spp.

L Klebsiella granulomatis

Proteus mirabilis, P vulgaris

Mocove infekce aj,

‘—| Proteus spp.

pyogenic infections

diarrhoea
(not the only one)

plague



G- rods (part 1)

Vibrig cholerae holera

Vibrionaceae —— Vibriospp.

emolyticus, V. mimicus,

o\

V. vulnificus

Pasteurella multacida

| Pasteurella spp.

Infekce po kousnuti psem

Pasteurellaceae —| \ - ¢
VNee

Hoemaphilus influenzae

Hoemoaphilus gegypticus

Epiglotitida, sinusitida, bronchepneumanie,
otitis media

Inwvazivni: Sepse a hnisava meningitida

Purulentn konjunktivitidu

~— Haemophilus spp.

Haoemophilus haemolyticus

Oportunni infekee

Haemaphilus ducreyi

570 =ulcus molle

Haoemophilus parainfluenzae

Lakalni infekce (neinvazivni)

G- anerobni bakterie

G= anerobni tyinky a vlakna =—

— Bacteroides Spp.

t— Fusobacterium spp.

— Perphyromonas spp.

1 Prevatella spp.

and you already know 12 bacteria (of 120+)

cholera

respiratory infections,
meningitis
(not the only one)



Who is who

5
s
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: Dr. Romanov
Dr. Hurych

Doc. Melter

- SN

Prof. Drevinek

ol

-

' Dr. Gryndlerova . _ o
Dr. LziCafova Dr. Hubacek Prim. NyC



Other big names

Edward Jenner
1749 — 1823

eradication 1980

Vache atteinte de cow-pox

inoculation de pus
d'une pustule

S —

vaccination 1796

See also:
https://www.youtube.com/wat
ch?v=BkyMYHIX9KM



"Greatpox" = Syfilis; one of signs of secondary stage
(ultrarare today)

Treponema pallidum



) —

i No growth

/ [ 3 L
; i Wait [ “1
" — ' —_—

Boil 6 g

LOUiS PaSteur " Microbial growth

1822 — 1895
Germ theory SpontanMsma

Vaccine against anthrax (in animals) and rabies

See also: https://www.youtube.com/watch?v=1ILNZQVPpQA



Mycobacterium
tuberculosis

Vibrio cholerae

Robert Koch
1843 - 1910

Bacillus anthracis
and its spores

e i)

Se also: https://\‘A-/WW.y_dutu_be.corﬁ/wa'(ch?v=XP-WXLsnMjY



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

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 staphylococca
"That's funny"

See also: https://www.youtube.com/watch?v=0ZWjzcsTd5M



Bacterial genome

Cytoplasm

Flagellum

* |ts organization
* Its evolution

Cell wall

Plasma membrane

o 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

sy - genes for rRNA (16S rRNA, 23S rRNA, 5S rRNA)

» genes for tRNA

wsg « additional non coding RNA (small RNA)



Genome structure

Housekeeping genes:
encoding

ribosomes

Cell wall

Metabolic pathways
DNA replication

Gene Pool

Chromosome
(Plasmids)

Flexible
Gene Pool

Genomic islands
Genomic islets

Phages
Plasmids
Integrons

Transposons

Additional genes:
encoding

Pathogenicity
AB resistance
Mobile genetic elements

— genome plasticity and evolution



Mobile genetic elements

Inter bacteria:

transformation

v

Bacteriophages transduction

Plasmids

v

conjugation



Transformation

Transduction

Conjugation

a Bacterial transformation

Release Df

A= -

Antibiotic-

Denor cell :
resistance gene

Recipient cell

b Bacterial transduction

(-

phage

Phage-infected donor cell Recipient cell

C Bacterial conjugation

(Ko< O B

Transpﬂsnn Donor cell Recipient cell




Gut microbiome - the marketplace of gene

information
— Commensals:
OE(—’@ G'EE =0 %P anaerobes as donors of
S antibotic resistence genes

3 JRY
T conjugation ' Opportunistic pathogens:
ﬂ'f“ P %«» Enterobacteria and as
grateful recipients
@ 4 y @)‘E transduction )ﬁ

? N~ @’

I S y[

S B T A

Schaik: The human gut resistome. 2015.




Mobile genetic elements

Inter bacteria:

transformation \

Bacteriophages

v

transduction

Plasmids

v

conjugation horizontal

gene
> transfer

Intra bacteria:

» transposition

Insertion sequences
transposons



Transposable elements

DNA that is capable of movement within the genome

|nsel’tlon Seq uence Genes for transposition
(0,8 - 2,5 kb)
== | [=]
Transposons Genes for
(3 - 30 kb) transposition Structural genes

EHj



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)



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

——— =< i
O+IR: | foph  orf¥ orf

AT Pase ofl  #mid frig o2 orfd fka ixB =M =0 5 grmc AuspA 3R cadd oA ford | e 3 =l orb
) 2 ) ) O O e (OO O bt e | @

10758 bp [Wircll 59, 535, 2350, 3408, 4016)

4208 bp [Chz | 1620, 2529)

Y -
..o sedb ]
ISEI00  fmpA  wrfly merE merd %erﬂ mert mel merT merk fofR febd Eecm Afard At A Afard  inpR _Ele 4 farA
t : : : L : ; : E E} i : ;II | R
4308 bp [Apal 53311702606 6199 bp [AZa] 12914908 R
P [Apal 533,1170,2608) 517 bp [Hind Il 1386 2231 P [4p2 AS0E] 1562 bp 2701 bp
[BsarAl 146542 564 [EcoR| 509, 1372, 1820]

AdanR  |S26 sphat IS26 ifd a3aeC? orPodPorfd sadd se off resX Afbl cedR cadA lsph fnad Awspa sus oorfd PYD gaTpao

w2 G ) pa ) O Q) Q ey o2y 2 ey (S vy C) > (0 G, [

| soesb ' -
p (Bg!l 533, 1068, 1357,2104] P pp————
5520 bp (BanHI 1470,4113) 3245 bp (Hircll 427,613,1249,1550) P [Himcll B50,1223,4523)

1kb

-



Pathogenicity island and ...



Black death

1. the Justinian plague (542 - 757)
2. Black Death (Europe, 1346 - 1352 and till 18t century)

The 2nd wave caused with the same clone of bacteria as
the 1stwave (bugs remained endemic for centuries in central Asia); moved
westward along the caravan routes (with rats)

*  bubonic form
«  septicemic
*  pneumonic

Xenopsylla cheopis




Black death

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

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

Pseudogenes: 62

Yersinia pestis

Yersinia pestis

Insertion sequence: 138

] 4
\\ \ #”ﬂn iy

.4

Pathogenicity island: 21

(incl. genes for insect pathogens)

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:

- horizontal gene transfer: acquisition, loss, gene inactivation or activation
- intragenomic recombination
- random mutations

Flexible

Gene Pool
Genomic islands
Genomic islets
Phages
Plasmids
Integrons
Transposons

Core
Gene Pool

Chromosome
(Plasmids)



obligate

intracellular
pathogens

- Yersinia pestis

Bacterial
genome

opportunistic

extracellular
pathogens

- Acinetobacter baumannii



Typhus (War Fever”, ,Jail Fever®)

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

Napoleon. 2023.



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

-

BORODINO _ ...

7 Jf:-é; B2

FRENCH LOSSES: 28,000

Napoleon. 2023.



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

Napoleon. 2023.



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

- ‘ N
e ) .
" \"1-\
We're suffering\sickness,
desertion and famine.

e -
o~

Napoleon. 2023.



Typhus

1909: Charles Nicolle - discovered the transmission

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

Rickettsia prowazekii

T Howard Ricketts (1871 — 1910)
T Stanislaus Von Prowazek (1875-1915)

Pediculus humanus (clothes louse)
contaminated faeces

Why epidemics?

overcrowded places
low hygiene
body lice



\\ll/ \\ll

H{b We already know at least 15 bacteria H{b

G+ G- atypical

Staphylococcus aureus Neisseria meningitidis Treponema pallidum
Streptococcus poygenes Acinetobacter baumannii Mycobacterium tuberculosis
Bacillus anthracis Bordetella pertussis Rickettia prowazekii
Clostridium tetani Escherichia coli

Corynebacterium diphteriae Yersinia pestis

Vibrio cholerae
Haemophilus influenzae
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