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Planul prezentarii

e Tipuri de interactiune antibiotice — sistem imunitar

» Efectele directe ale antibioticelor asupra sistemului imunitar

e Efectele indirecte ale antibioticelor asupra sistemului imunitar

e Rolul imunitatii in emergenta bacteriilor rezistente la antibiotice

* Interactiunea antibiotic/bacterii/sistem imunitar in infectii acute
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Tipuri de actiune a antibioticelor asupra
sistemului imunitar

l. Actiune directa asupra unor componente ale sistemului munitar

Il. Actiune indirecta — prin impact asupra microbiotei locale, cu
precadere asupra microbiotei intestinale
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Actiunea directa a antibioticelor asupra
sistemului imunitar

Efecte stimulatorii si/sau inhibitorii asupra:
e fagocitozei si distrugerii intracelulare a bacteriilor,
e productiei de anticorpi, inclusiv IgE

 diferitilor parametri ai imunitatii celulare:
 productia de MIF,
» proliferarea limfocitelor induse de mitogen/antigen
 reactia cutanata de hipersensibilitate de tip intarziat,

e productiei de mediatori: interleukine, prostaglandine
e expresiei receptorilor la nivelul celulelor imunocompetente

Gillissen G. Side effects of antibiotics on immune response parameters and their possible implications in antimicrobial chemotherapy.
Zentralbl Bakteriol Mikrobiol Hyg A. 1988 Nov;270(1-2):171-99
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Index imunitar al antibioticelor:
numar de constatari pozitive — numar de constatari negative

numar constatari totale

Index calculat pentru toate In general s-au gasit:
clasele de antibiotice 3 antibiotice cu activitate predominant
Pe nt ru p a ra m et ri i . Table 1: Overview of all stale.ms.nlsc\.as-sifieda:mrdingtu immune effect. Approach muuym:.pn?acn Ein.wvuiexwvolmwrm]. imunostimU|atoa re:

—| P e - Imipenem

- Cefozidima

- Clindamicina

8 antibiotice cu activitate predominant

* Functie fagocitara: fagocitoza,
chemotactism =

* Functie limfocitara: proliferare, |
citokine, producere Ac,
sensibilitate intarziata, NK | imunosupresoare:

La pacienti sdndtosisi = +— - erythromicin,
imunodeficienti, cu sau fara - roxithromicing,
infectie - cefotaxim,
- tetraciclina,

In vivo, ex vivo, in vitro . L

. - rifampicing,
Evaluare efect negativ, neutru, - gentamicin3,
pozitiv - teicoplanina

Van Vem B et al. Immunomodulating Effects of Antibiotics: Literature Review.
Infection 24 (1996) No. 4, 275-291 - amp|c|||né



Actiunea indirecta a antibioticelor asupra
sistemului imunitar: impact asupra microbiotei

e Organismul uman ca sistem complex alcatuit din celule
eucariote si microorganisme

* Microbiota intestinala si rolul sau in imunitate, sanatate si
boala

e Actiunea antibioticelor asupra microbiotei umane

e Axe bidirectionale multiple intestin — organe in disbioza
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Organismul uman este un sistem alcatuit din
celule umane si celule microbiene

e Organismul uman - aproximativ 100 x 10*? celule eucariote
e De 10 ori mai multe microorganisme (= microbiota)

e De 100 de ori mai multe gene apartinand microorganismelor
(= microbiom) decat celulelor umane

Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett CM, Knight R & Gordon JI —= The Human microbiome project -
NATURE | Vol 449|18 October 2007
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Compozitia microbiotei intestinale
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Genuri identificate in microbiota intestinala umana prin tehnici de metagenomica
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Numai 7 - 9 din cele 55 diviziuni ale
domeniului Bacteria au fost detectate
in probele de fecale sau mucoasa
intestinala umane

Aprox. 90% din toate bacteriile
apartin la 2 diviziuni: Bacteroidetes si
Firmicutes

Alte diviziuni care au fost gasite
constant in intestinul gros sunt:
Proteobacteria, Actinobacteria,
Fusobacteria si Verrucomicrobia

Sunt reprezentate doar cateva specii
din domeniul Archea (in special
Methanobrevibacter smithii)

Arumugam M, et al. Enterotypes of the human gut microbiome. Nature 2011;473:174--180
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Enterotipuri

Veillonella

Catenibacterium Alkaliphilus  Geogbacter Mdarmansi

Helicobacter

=== gtaphylococcus
FPrevotella

Bacteroides
Parabacteroides

Clostridiales

Lactobacillus

Escherichia’Shigella

Methanobrevibacter Slackia

Akkermansia

Gordonibacter
Sphingo O Main contributors
bacterium

Ruminococous o Genera co-occuring with main contributors

Rumino Positive correlation (= 0.4)

coccaceae

Staphylococcus mmm Negative correlation (< -0.4)

Marvinbryantia

lohacter]
Symbiobacterium Dialister

Guarner F. The Gut Microbiome: What Do We Know?.
Clinical Liver Disease, 2015, 5, (4), 86-90

Analiza comunitatilor fecale provenite de la diferiti indivizi
americani, europeni si japonezi la nivel de gen bacterian
a sugerat ca ecosistemele microbiene intestinale se
conformeaza unor stari simbiotice microbiene
bine echilibrate, formate din grupuri de genuri co-
existente

Toate esantioanele individuale s-au incadrat in trei
grupuri robuste (enterotipuri), in functie de
asemanarea lor in compozitie, dupa predominenta:

e Bacteroides (enterotip 1),

e Prevotella (enterotip 2)

* Ruminococcus (enterotip 3)

Gruparea a fost influentata de dieta si independenta de:
e Varsta,
* sex
* nationalitate
* indicele de masa corporala

Indivizii cu numar redus de gene microbiene (sub 480.000)
prezinta adipozitate, rezistenta la insulina, rezistenta la leptine,

dislipidemie si un fenotip inflamator mai pronuntat in
comparatie cu indivizii cu numar ridicat de gene microbiene




Variable human microbiome Factori care influentea25
microbiota umana individuala:

e Mediul local:
 pH, 02, H20, nutrienti,

potential Redox,
temperatura etc.

e Varsta

* Sex

e Dieta

e Statusul imun

e Alti factori: antibiotice etc

t immu ne system

Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett CM, Knight R & Gordon JI — The Human microbiome project -

NATURE | Vol 449|18 October 2007
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Health Microbial products or activitbes Disaase

Supply of mutrients s SCFRA production, vitamin symthesis Obesity and
and energy = Influences on energy supply, gut hommones, satiety, netabolic syndrome

Eenergy expenditura
s Lipopolysaccharide, inflarmmetion

‘ Cancer prevention : = Butyrate production, phytochemical release
= Toxins, carcinogans, inflarmmation

= SCRA production, imtestinal pH, bacterocins,
competition for substrates and/or binding sites
Toin i

se invasion dnflsmmation

= Balance of proinflammatory versus antHnflarmmatory
slgnals, development
» Inflammation, immune disorders

= Metabolites (SCRA, gases] from nondigestible camobydrates

el [

A\ -

Figure 1 | Influence of gut microbial communities on health. Most of the microbial activities indicated in the centre column
are functions of the whole community of gut microbiota rather than being attributable to a single species. The balance of the
community and its output determines the et contribution 1o health or disease. Abbreviation: SCRA, short-chain fatty acid.

Flint HJ, Scott KP, Louis P, Duncan SH — The role of gut microbiota in nutrition and health - NATURE REVIEWS |
GASTROENTEROLOGY & HEPATOLOGY VOLUME 9 | OCTOBER 2012 | 577
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[, Waar ond A. Mahengy Vires Research 285 (2020) 198018

Fig. 1. Possible role of the gut microbiota in modulating immune response in Covid-19.
Gut microbiota can influence immune response thereby affecting the disease progression. Both over-active and under active immune response possibly mediated by
the gut microbiota can lead to serbous clinical adverse events
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Microbiota umana — startul verde sau rosu

Influence of external factors on intestinal

e s microbiota of infants
contamination
translocation) Delivery Mode Familial environment
Caesarean section | Vaginal
Bifidobacterium Staphyloccus , Lactobacillus Clostridium
Lactobacillus Corynebacterium Prevotella
Enterococcus Propionibacteriurm Sneathia
Time of weaning
l Eﬁmt"‘-‘“afj age k/”/ //,./ and foods chosen
r

First Weeks 3 First months Adult-like microbiota

Maternal microbes,
antibiotic use infection)
ilness, diet and lifestyle

) I Hospitalisation

Bifidobacterium
I Genetics/ Breastfeeding Formula feeding i

diversity

| Collado et al 2012, Fowhy et al 20017, Manguees ot all DIA, atarmonos ot al 2015F)
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B-diversity and stability
of microbiota oo
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Nagpal R and al. — Gut microbiome and aging: Physiological and mechanistic insights - Nutrition and Healthy
Aging 018 Jun 15;4(4):267-285. doi: 10.3233/NHA-170030. a-diversitate: bogatia speciilor (taxoni) intr-un singur
mediu gazdd/microbian; B-diversitate: diversitatea in comunitatea microbiana (profiluri de abundenta taxonomica) intre

diferite medii/probe
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14 Human gut i=
sterile at birth amd
its colonization
begins after birth
by facultative
anacrobes

10 J

majorly dominated by

12

co-morbidities

Obligate anserobes
] Protechacteria and

Actinobacteria

6 V

Mortality rate (in %)

Gradually shifis
4 towards
Bactercaderes and
Firmicutes

0-9
(0-19

20-29
30-39

16 Gut microbiota (GM) of an individual keeps on changing with age and diseased state
Most stable during adulthood |

Bacteroidetes and Firmicutes!
Microbial dysbiosis during varous

e

Age group (in yrs)

Final rearrangement of GM occurs at
older age with T facultative anaerobes,
a shift in ratio of Bacteroidetes to
Firmicutes, and | bifidobacteriaf
Immune senescence & inflamm-aging

40-49
5(-39
60-69
70-79

80+

Reprezentare grafica a modificarilor microbiotei intestinale si a ratei de mortalitate asociata cu COVID-19 la diferite

grupe de varsta. Sursa : Ahlawat et al., 2020; Novel, 2020.
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Rolul microorganismelor comensale in configurarea timpurie a

arhitecturii tesutului limfoid intestinal si dezvoltarea functiilor imune

Receptorul Toll-like 5 (TLR5) serveste ca senzor pentru flagelina bacteriana. Desi la soareci,
contraselectia mediata de TLR5 a bacteriilor flagelate colonizatoare este caracteristica perioadei
neonatale, acest proces critic modeleaza compozitia microbiotei intestinale si astfel are un impact
asupra homeostaziei imune si a sanatatii in viata adulta.

Colonizarea materna gestationala creste celulele limfoide din grupul 3 intestinal (ILC3s) implicate in
imunitatea inndscuta si celulele mononucleare F4/80+CD11c+ la descendenti.

O polizaharida bacteriana derivata din Bacteroides fragilis directioneaza maturarea sistemului imunitar,
inclusiv corectarea deficientelor sistemice ale celulelor T si a dezechilibrelor Th1/Th2 in tesuturile
limfoide.

Limfocitele intra-epiteliale af si yé (IEL) sunt reduse semnificativ la soarecii GF in comparatie cu
animalele colonizate conventionale

Celulele Th17 cu functiiimunomodulatoare puternice sunt absente la soarecii GF

Semnalele extracelulare de la microorganismelor comensale influenteaza repertoriile
imunoglobulinelor intestinale: anticorpii IgA protectori ai mucoasei prezinta o reducere substantiala la
nou-nascuti si la animalele GF; diversitatea microbiana intestinala in timpul colonizarii timpurii este
esentiala pentru a stabili o retea de imunoreglare care protejeaza de inducerea IgE la nivelul mucoasei,
care este implicata in susceptibilitatea la alergii.

Intre microbiota si sistemul
imunitar al gazdei se stabilesc
interactiuni critice care
functioneaza intr-o fereastra de
timp critica la inceputul vietii

Aceste interactiuni timpurii pot
avea un impact de lunga durata
asupra mai multor componente
ale imunitatii, contribuind la
homeostazia imuna si
susceptibilitatea la boli
infectioase si inflamatorii mai
tarziu in viata.

Zheng D et al. Interaction between microbiota and immunity in health and disease. Cell Research (2020) 30:492 — 506
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Normobioza versus disbioza intestinala postantibiotice —
rol in mentinerea/dereglarea echilibrului imunitar

A. Modularea functiei L T prin intermediul macrofagelor
1. Inintestinul sanatos macrofagele sunt inalt specializate
si raspund fata de microbiota normala fara a provoca

E IFNy-producing CD4* T cells un raspuns inflamator
£ T i Control
- n ape L) - L) L)
% 5 o . : 2. Ruperea echilibrului normal al microbiotei conduce la
E w &0+ s I | a ecoionized . . f . ey
o= o g A pierderea tolerantei macrofagelor si aparitia
Eg i _@_ a0 ey "‘ﬁf‘ﬁ.. hiperresponsivitatii la stimulii microbieni, cu producere
%3 . de citokine in exces
& y o L
s 24
ol 3. Reexpunerea soarecilor tratati cu antibiotice la
. 0 " microbiota conventionala a indus o crestere pe termen
lung, dependenta de macrofage, a raspunsurilor
Procent de celule T CD, producatoare de IFNy la soareci inflamatorii T helper 1 (TH1) in colon si perpetuarea
recolonizati dupa 20 si 60 de zile de la intreruperea disbiozei

tratamentului cu antibiotice comparativ cu lotul martor
B. Inflamatia intestinala faciliteaza instalarea infectiei si

accentuarea disbiozei
Scott NA et al. Antibiotics induce sustained dysregulation of intestinal T cell immunity by perturbing macrophage homeostasis
Sci Transl Med. 2018 October 24; 10(464)
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OCR after
FCCP (normalized units)

Mentinerea tolerantei normale a macrofagelor este
mediata de acizii grasi cu lant scurt (SCFAs) produsi
de microbiota normala

e SCFAs (ex. butiratul) produsi de microbiota normala
| e - induc cai metabolice alternative (fosforilare oxidativa,

 J—————— L 1.5 — . . . . . ..

25 it iz S = metabolism lipidic) asociate profilului anti-inflamator
= 1.0+ o¢ . e~

== 1 m 8z . ° al macrofagelor, spre deosebire de calea clasica,

1.5+ ed . re— . ey u e v v .. c g A

g1 e | == 8F o o] = glicolitica asociata raspunsului inflamator rapid in cazul

! o a g9 . .

o5 S5 -0 o 8 macrofagelor hiperreactive
(=]

0.0 . . L a0

s & & & & & ¢ " :
& 0k o4 * Aceste date sugereaza ca potentialele efecte

antiinflamatorii ale butiratului asupra macrofagelor
se pot extinde pana la inducerea reprogramarii
metabolice pentru a permite activarea alternativa a
macrofagelor (potential terapeutic)

Cresterea cailor metabolice alternative de activare
(fosforilare oxidativa, metabolism lipidic) Tn prezenta
butiratului. Dovezi ale efectului antiinflamator asupra
macrofagelor intestinale

Scott NA et al. Antibiotics induce sustained dysregulation of intestinal T cell immunity by perturbing macrophage homeostasis
Sci Transl Med. 2018 October 24; 10(464)
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Representation of a bi- or multidirectional communication link or ‘axis” between gut, associated microbiota and various organs- source : Ahlawat, S.,
Asha, and Sharma, K. (2021), Gut—organ axis: a microbial outreach and networking. Lett Appl Microbiol, 72: 636-
668. https://doi.org/10.1111/lam.13333 . . e - .
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https://doi.org/10.1111/lam.13333

Prevatella spp.
Weillonella spp.
Streptococous spp.
Psaudomonas spp.

Lymph flow & blood flow

Bacteroides spp.
Bifidobacterium spp.
Eubacterium spp.
Clostridium spp.
Peptococcus spp.
Peptostreptococous spp.
Ruminacadcus Spp.

Lymph flow & blood flow

Inflammation mediators

FIGURE 1 | The cross-talk between gut and lung.

n bolile pulmonare cronice si infectiile
respiratorii, modificarile in compozitia
microbiotei intestinale si ale cailor
respiratorii se prezinta in mod obisnuit ca o

consecinta a multiplicarii Proteobacterii —
lor si Firmicute-lor.

S-a observat o interactiune vitala intre aceste
doua compartimente in cazul bolilor
pulmonare.

Asthma

C-reactive protein (CRP

Akkermansia muciniphila &
THMF-a, and IL-6

Faecalibacterium prausnitli

acetate, butyrateand

propionate, ispacids ‘ Tregs WS |;balane

FIGURE 2 | The potential role of gut-lung axis in asthma.

Axa intestin-pulmon permite trecereain
sange a: - endotoxinelor,

- metabolitilor microbieni,

- cytokinelor si hormonilor
realizandu-se conectarea nisei intestinale cu
cea pulmonara.

Modificarile speciilor microbiene intestinale
si metabolitilor au fost legate de modificari

Zhang D et al — The cross-talk between gut microbiota and lungs in common lung diseases.

Front. Microbiol., 25 February 2020 | https://doi.org/10.3389/fmich.2020.00301 ale raspunsurilor imune
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Severe injury Systemic inflammation
or infaction and acute lung injury
E
! l
e + EC activation and barrier
dy=sfunction
l + Meautrophil and macro-
phage activation
« ABC and DC dysfunction
= Mucosal injury -
= Barrier disruption -

l L

Injuricus factors absorbad | mﬁ:i‘_‘aﬂﬁm_.
into masanteric hyrmph l

Figure 1. Mesanteric hmph as a conduit in the gut-lung axis. Sevara iNnjury or infaction Nduces

intastinal ischamia’/reparfusion injury, resulting in Mocosal injury, gut barrar disruption, and the
production of njuricus factors. Thasa factors arae transported through the mMasentaric pymph into
blood carculation, whare they trigger endothalial call activation and barrier dysfunction, activata
nautrophils and macrophages, and induca red blood call and dandritic call dysfunction, ultimately
causang systamic inflammation and acute lung Ingury. Vice varsa, ung disoase can also cause
gut mucosal ingury and barrer impaimMment throwgh systamic dissamaenation. DC = dandritic cell;

EC =andothalial call; VAR = ischamia’‘reparfusion; RBC =red blood cell.

Ma Y, Yang X, Chatterjee V, Wu MH, Yuan SY.
The Gut-Lung Axis in Systemic Inflammation. Role of Mesenteric Lymph as a Conduit. Am J Respir Cell Mol Biol.

2021;64(1):19-28. doi:10.1165/rcmb.2020-0196TR Conferinta Imunodepresie si antibioterapie, 04-05.11.2022



Dinamica populatiilor bacteriene si emergenta bacteriilor
rezistente sub actiunea antibioticului este diferita in absenta

sau in prezenta raspunsului imun

Handel A et al. Exploring the role of the immune response in

preventing antibiotic resistance. J Theor Biol. 2009 February 21;
256(4): 655-662

Fereastra de selectie a mutantelor in absenta unui raspuns imun.
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Emergenta rezistentei = multiplicarea populatiei bacteriene rezistente
pana la 10% din capacitatea de portanta. Simularea se ruleaza pana la 14
zile dupa inceperea tratamentului (txt). Daca populatia rezistenta nu a
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La concentratii scazute de antibiotic, populatia sensibila la medicamente nu este
indepartata si populatia rezistenta nu poate emerge.
Dozele foarte mari de medicamente ucid atat populatiile sensibile, cat si cele

rezistente.

Dozele intermediare de antibiotic curata numai populatia sensibila si, prin

urmare, permit populatiei rezistente sa atinga niveluri ridicate

Drug Concentration (pg/ml)
Prezenta unui raspuns imun ingusteaza fereastra de selectie si influenteaza strategia optima de
dozare.
La concentratii ridicate de AB sinergia dintre raspunsul imun si AB este cea mai buna pentru
componentele raspunsului imun care sunt in mare masura independente de dinamica agentului
patogen. (modelele 1 si 2) (f.probabil r. adaptativa)
Pentru un raspuns imunitar care este strans legat de incarcatura patogenului (citokine, parti ale
raspunsului imun innascut, celule T CD8 activate), este de preferat varianta efectului bactericid crescut la o
populatie bacteriand redusa pentru prevenirea emergentei rezistentei (model 4).
Pentru antibiotice toxice la conc. inalte actioneaza mai bine sistemele din imunitatea adaptativa indenpendente
de concentratia bacteriand (modelele 1 si 3).
In general, un numar mai mare de jucétori imuni (de exemplu, un anumit tip de celuld imunitara) si un
proces de ucidere mai rapid vor reduce potentialul de a distruge saturatia la incarcatura bacteriana
mare.



Interactiunea antibiotic/bacterii/sistem imunitar in infectii acute

Relatia dintre intensitatea raspunsului imun si
densitatea patogenului poate afecta efectul
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Diagrama unui model matematic complex — interactiunea bacterii/celule sistem imunitar/antibiotic

Ankomah P, Levin BR. Exploring the collaboration between antibiotics and the immune response
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4.

Concluzii

Descoperirile stiintifice recente sustin ipoteza ca microbiomul bacterian uman
influenteaza raspunsul imun si starea de sanatate a gazdei

Antibioticele influenteaza raspunsul imun al gazdei direct si indirect, prin actiunea
asupra microbiomului uman

Tn terapia infectiilor, efectele antibioticelor pot fi influentate de tipul de raspuns al
componentelor sistemului imun, respectiv dependent sau independent de incarcatura
bacteriana.

Tn cazul raspunsului imun independent de incarcitura bacteriana cresterea dozei de
antibiotic nu este utila.

Capacitatea SCFAs (ex. acid butiric) de a restaura caile metabolice alternative si
proprietatile anti-inflamatoare ale fagocitelor intestinale arpute fi luata in considerare
din punct de vedere al potentialului terapeutic.
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