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Definice zanetu

Souhrn reakci na poruseni integrity organismu
* Ochrana proti infikovani
* Lokalizace poskozeni

* Regenerace, zahojeni

Inzult (patogenni faktor) vyvolavajici zanétlivou reakci

Biologicky (mikroorganismy, parazité)

Fyzikalni (zareni, termické vlivy)

Chemicky (toxiny, Ziraviny)

Metabolicky (hypoxie, poruchy metabolismu)



Rozdéleni zanetu

Dle ohraniceni
* |okalni

* systémovy

Dle dynamiky
e akutni

* chronicky

Dle efektu
e obranny

e autoagresivni (deregulovany, delokalizovany)



Symptomy zanétu

Makroskopicka uroven
e calor —vyssi teplota 7
* rubor - zarudnuti, erytém

- (Celsus, De Medicina, 1. stoleti)
* tumor — zdureni, otok

e dolor — bolest -

e functio laesa — porucha funkce (R. Virchow, 19. stoleti)

Mikroskopicka uroven serdzni
nehnisavy

e alterace —zmeény v tkani hnisavy
fibrindzni

* exsudace — zanétlivy exsudat (tekutina a proteiny), bunky (infiltrat) gangrendzni

» proliferace - tvorba granulacni a vazivové tkané (jizva)

http://penelope.uchicago.edu/Thayer/E/Roman/Texts/Celsus/home.html



Prubéh zanétu

Produkty bunék a traumatizovanych tkani vedou k:

e ZvysSeni permeability cév (pri poranéni kratka vazokonstrikce), prostup plazmatické tekutiny do
extravaskularniho prostoru

« Zvyseni prilnavosti endotelii, exprese adhezivnich molekul, usnadnujici migraci lymfocyt(

 Zmeény v regulaci teploty

* OQOvlivnéni nervovych zakonceni

Souhra slozek nespecifické (vrozené) a specifické imunity, v zavislosti na délce trvani zanétu a

intenzité



Horecka

Zvyseni télesné teploty v klidu ucinkem patogenniho podnétu
* Infekcni agens, trauma, inkompatibilni transfuze
» ZvySena produkce prozanétlivych cytokint (IL-1, TNF, IL-6), prostaglandiny (pyrogeny)

* Plsobeni na hypotalamické termoregulacni centrum

Jéinky (mediatora) horeéky na funkce organismu

* Nervovy systém (bolest, Unava, spavost)

* Kardiovaskularni systém (zvyseny tep, +1 °C => +10 tep(l za minutu)
* Metabolismu (urychleni [atkové premény, 40 °C => 50% navic)

* Respiracni systém (zrychlené dychani)

e Travici systém (snizena Cinnost, porusena resorpce Zivin)

e Ledviny (snizenda tvorba modi, bilkovina v moci)
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Systémy realizujici zanétovou odpoveéd’

* Leukocyty

* Endotel

e Desticky

* Plazmaticky koagulacni systém
 Komplement

* Proteiny akutni faze



Vrozena imunita
ne az tak uplné nespecificka... rozeznavani:

 Pathogen-associated molecular patterns (PAMPs)

e pochazeji z mikroorganismu, evolu¢né konzervované molekuly typické pro patogeny
» bakteridlni sacharidy (lipopolysacharidy, také LPS, mandza), nukleové kyseliny (bakterialni nebo viralni
DNA nebo RNA), bakterialni peptidy (flagelin), peptidoglykany a lipoteichoicka kyselina (gram pozitivni

bakterie), N-formylmethionin, lipoproteiny a glukany, chitin

 Damage (danger)-associated molecular patterns (DAMPs)

* pochazeji ze stresovanych nebo poskozenych bunék hostitele, zalezi ¢asto na kontextu

 HSPs, HMBG1, hyaluronan, ATP, adenosin, kyselina mocova, heparin sulfat, DNA, RNA, TNF-a, IL-1(3, IFNa

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3443751/



PAMPs a DAMPs jsou rozpoznavany prostrednictvim:

e Pattern recognition receptory (PRRs)

predevsim na burnkach prezentujicich antigen (ale i mimo bunky imunitniho systému)
membranové Toll-like receptory (TLRs)

membranové C-type lectin receptory

cytoplazmatické retinoid acid-inducible gene | (RIG-I)-like receptory (RLRs)

cytoplazmatické nucleotide-binding oligomerization domain (NOD)-like receptory (NLRs)

* Po rozpoznani a navazani na receptor dochazi k aktivaci bunék a expresi

molekul modulujicich zanét (cytokiny, chemokiny, adhezivni molekuly)

rychl3, relativné nespecificka reakce (minuty), bez imunologické paméti
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https://www.nature.com/articles/s41577-019-0215-7/figures/1
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https://oerpub.github.io/epubjs-demo-book/content/m46036.xhtml



Komplementovy systém

Invading pathogen

C1

C1 binds to an antigen-

antibody complex on an

invading pathogen, causing

/ complement components C2
and C4 to split in two.

C3 convertase (D Fragments from C2 and C4 combine to
form an enzyme called C3 convertase.

c3 (T ) C8convertase splits in two. One of
the fragments from C3 joins C3

Eterac(i:tgn with factors P, convertase to form C5 convertase.
,an

C3a attracts phagocytes
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C3b () N '

/ 197

C3b binds to the surface C5 &) C5 convertase splits C5 in two.

of the pathogen. / \

C5a (O Q C5b

ST

A fragment from C5 joins C6, C7, C8, and C9 to form
the membrane attack complex, which makes a hole
in the pathogen's plasma membrane. Water rushes
into the hyperosmotic cytoplasm, causing the
pathogen to lyse.

https://upload.wikimedia.org/wikipedia/commons/0/0b/2212_Complement_Cascade_and_Function.jpg



Komplementovy systém
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Opsonization and phagocytosis
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https://www.sciencedirect.com/topics/engineering/complement-cascade
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https://www.youtube.com/watch?v=LaG3nKGotZs&ab_channel=0smosis



Endotel

Udrzovani cévniho tonu, vazoaktivita, adheze

Exprese receptort

P-Selectin, E-selectin

ICAM, intercellular adhesion molecule

JAM, junctional adhesion molecule

PECAM1, platelet/endothelial cell adhesion molecule 1
VE-cadherin, vascular endothelial cadherin

VCAM1, vascular cell adhesion protein 1

ligandy

PSGL1, P-selectin glycoprotein ligand 1
LFA1, lymphocyte function-associated antigen 1
VLA4, very late antigen 4

https://www.nature.com/articles/nri3399
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Regulace vazodilatace

Oxid dusnaty (NO)
klicova role ve vazodilataci, antitrombicka aktivita

<D mmm L
Produkovan NO-syntazou NADPH— > [EEET — >NADP

0, ‘m @

* konstitutivni i inducibilni formy enzymu (nNOS, eNOS, iNOS)

* regulace pratoku krve cévami, difuze NO z endotelii do bunék
hladké svaloviny, inhibice krevnich desticek

* riziko vzniku peroxynitritu (ONOO~) a oxidativniho poskozeni
okoli

Prostacyklin (PGI2)

* lipidovy mediator, syntetizovan z kyseliny arachidonové
(membranové fosfolipidy)

* enzym cykolooxygenaza

https://science.sciencemag.org/content/258/5090/1861
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Uningston, Editor
mmmumum
murmmwams Murpbry

mowyu' o Casey, st Jusiow,tary k1% &
euwmus Granger, Baverly Shieids, Kirsten L.
M Support: Shemy! Farmer, Supenvisor; Carolym
xnmu-w Diana Long, Patricia M. Moo,
Administrative Support: Syhia Kihara, Jeanette

(intom)
Buresus: Peter Aldhous (London), Marcia Barinaga
WWT&«WLMW

MMM

Sclonce EdNorial Board

Chares J. Amtzon Jobe J, Hoplieid
Elzabeth £ Baley F. Clark Howoll

Paul A, Marks
Wiliam F. Berkman Yasutomi Nishizuka
£ Margaret Butiage M. Rannwy
Plore-Gilos do Gannes  Robert M. Solow
Joseph L Gokistein Edwars C. Stone
Mary L Good James D. Watson
Harry B, Geay

The Molecule of the Year is nitric oxide, NO, a molecule of vctsa(ilityand P that has

buru h iccnemmanygum In thc phercitisa ical, but in the body
small lled doses it ily beneficial. It helps maintain blood pressure by

dnlanng blood vessels, helpsknllfomp\ dersinthe i P isa major bioch

cal mediator of penile and is probably a major biochemical of l

memory, These are just a few of its mxny mlcs. \\)nch are just beginning tobe duuwmd and
they are d d in the acc le of the Year story (p. 1862). That NO plays
so many roles is not surprising because thc same biological second messengers usually are used
in many diverse systems, but a gas was indeed a surprise for an endogenous role, and a labile and
toxic gas even more so. As the first surprise of such an unlikely agent was overcome, the gas as
a messenger seemed logical because it could pass through biological membeanes readily and
oxidize foreign substances,

NO's role in sexual dysfunction, that of imp pports further a new liberation
from old mental straitjackets. The future is sure to bring more insights into the effect on complex
processes such as 1Q, bad behavior, and alcoholism by single genes or chemical reactions. Many
people will be happy to leam that some forms of sexual dysfunction may not be caused by
psychiatric disorders or the failure of a masriage but may instead reflect a deficiency in a chemical
reaction that can be compensated for by medical treatment. New research on the role of NO may
also lead to new insights into the loss of memory, which is so debilitating to so many.

Thnwus Mokculz oﬁhe Yeuromeagamdwwsthal scientific rewards can come from

g The r«ent idential election focused on the persistent

lonofprwxdxu)oband i ies. Hopefully, the political and social
scientists advising our leaders will pursue lhuc problcms with the same cmuva!y that charac-

terized the research on NO. The new, the unexpected, and the i will be needed to

address these social problems. In addition, our elected officials as well as the general public
must fxc unpleasant realities, including the need for the United States to work hard 1o

dard of living in petitive wotld and the need to be open-minded enough
to welcome unexpected solutions such as gaseous messengers.

Every year Science picks a Molecule of the Year along the lines described in our editorial
of 22 December 1989. Molecule is a term we use to emphasize that we are honoring the
discovery rather than the people who made the discovery, not because people are unimportant
but because many other awards honor the discoverers, and most discoveries involve the
contributions of many pmple Asin the case of “people prizes,” there are many “runner-up”
discoveries that are wh ity but, in our opinion, are not yet quite as
developed as our \vlnner For enmplc omofour runners-up, the discovery of the structure of

ion, but the way enzymes fix nitrogen is
bound to be ofgmt importance to agriculture. As more intense farming and cheaper fuel
become the necessities of the future, better mechanisms for nitrogen fixation become more
important. Enzymes certainly appear 1o have solved the problem better than
solutions so far. The hope is that the enzyme mechanism and the chemical knowledge can bc
combined to make a new solution that will benefit millions. The widespread use of super-
computers is not a sudden event, but the increased utility of this powerful tool in industry and
science for applications such as aircraft design and oil exploration will solve many problems
that were previously beyond approe

All of the up are d in the ory. This year they are an
impressive group ranging from discoveries thax are already being :pplnzd such as ftml diagnosis
and treatment (in utero treatment of a fetus to correct its defic and ing fetal
usut madu!un-ﬂhl’arkmsm;dm) xoth«edmmmw(mnwalawwlhax

seems i le, for example, RNA. In addition, there are landmarks such
:sdsempplngdchmmosoma Y and 21, which will certainly lead to medical discoveries, and
the use of imaging to diagn mcdlcal blems and to locare arcas of the
brain identified with specific thought p Those wh i the
of sci hould think fora about the incredibl devel thathave slipped into
everyday life without headlines. The Molecule of the Year and the runners- uparea good place
to start for the discoveries that will inevitably make the future better than the pas
Daniel E. Kuhland. Je.

SCIENCE « VOL.. 25§ » 18 DECEMBER 1992 1861




https://www.nejm.org/doi/full/10.1056/nejmra051884
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Figure 1. Regulation of the Relaxation of Vascular Smooth Muscle by Nitric Oxide.

Nitric oxide activates soluble guanylyl cyclase, leading to the activation of cyclic guanosine 3’, 5"-monophosphate
(cGMP)—dependent protein kinase (cGKIl). In turn, cGKI decreases the sensitivity of myosin to calcium-induced con-
traction and lowers the intracellular calcium concentration by activating calcium-sensitive potassium channels and
inhibiting the release of calcium from the sarcoplasmic reticulum. cGMP is degraded by phosphodiesterase type 5,
which is inhibited by sildenafil and zaprinast. GTP denotes guanosine triphosphate.




Prozanétova a hemostaticka role endotelu
vazokonstrikce, aktivace krevnich desticek a plazmatického koagulacniho systému

* endotelin1

e tromboxan A2

* noradrenalin

* enzym konvertujici angiotenzin (ACE), angiotenzin Il

» von Willebrand(v faktor (vWf¢)

* tkanovy faktor

* exprese membranovych fosfolipidl => vhodna matrix pro aktivaci desticek a plazmatického koagulacniho systému



Plazmaticky koagulac¢ni systém a desticky

Platelet adhesion =  Platelet activation = Platelet aggregation

VWF O
VWF receptor 2=
Collagen ©
Collagen receptor J=
GP lib/llla receptor J=

Thrombus

Fibrinogen

https://blog.antiaging.com/wp-content/uploads/2016/07/thrombus-evolution.jpg



Mediatory zanetu

* lipidové mediatory

* volné radikaly (ROS) \

Neutrophil
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https://www.researchgate.net/publication/321466965_Bioanalytical_Methods_for_Hypochlorous_Acid_Detection_Recent_Advances_and_Challenges/figures?lo=1



Mediatory zanetu
Cytokiny

Ruznoroda skupina malych proteinli secernovanych za tcelem komunikace mezi bunkami

Ve

e Autokrinni, parakrinni a endokrinni ucinky

* Plsobeni v prekryvajicich se sitich, redundance, ¢asto pleiotropni efekty, zavislé na bunéc¢ném kontextu

activation of
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signaling molecules signal
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Biological /

Response
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|

Target Cell

https://old.abmgood.com/marketing/knowledge_base/growth_factors_cytokines_introduction.php



Interferony

Regulace nespecifické imunity, antivirové a antiproliferativni ucinky (IFNa, IFNB, IFNy, IFNA)
Interleukiny

Rlst a diferenciace leukocytt (IL-1, IL-6, IL-12, IL-17, IL-18, IL-4, IL-10, IL-11, IL-13)
Chemokiny

Chemotaxe (IL-8, MCP1, RANTES)

Kolonie stimulujici faktory

Stimulace progenitor(, podpora ristu a diferenciace (M-CSF, GM-CSF, G-CSF)

Tumor nekrotizujici faktory

Prozdnétlivé plsobeni, aktivace cytotoxickych T lymfocytl (TNFa, TNFPB)



https://www.omicscouts.com/en/signallingscout.html
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Systémov{/ za nét, souhra plsobeni inzultu a cytokinl

SIRS (syndrom systémové zanétové odpovédi, systemic inflammatory response syndrome)
* teplota nad 38 °C nebo pod 36 °C

* tep nad 90/min

» dechova frekvence nad 20/min nebo CO2 pod 32 mmHg

* leukocyty nad 12 tis./ul nebo pod 4 tis./pl nebo vic jak 10 % nezralych forem

Sepse
SIRS z infekCnich pficin
(i pdvodné neinfekéni rozvinuty SIRS zpravidla pfechazi v sepsi — selhani mikrocirkulace stfevni stény, proniknuti bakterii do cirkulace)

MODS (syndrom multiorgdnového selhani, Multiple organ dysfunction syndrome)

pritomnost takovych zmén organovych funkci Ze homeostdza nemuze byt udrzena bez intervence
e primarni MODS — pfimé plsobeni inzultu (tézké trauma, cirkulacni selhani)

* sekundarni MODS — autoagresivni plsobeni zanétu

Syndrom akutni dechové tisné (ARDS, acute respiratory distress syndrome, adult respiratory distress syndrome)

* zvySena propustnost plicnich kapilar
* akumulace tekutiny v parenchymu a alveolech
* poskozeni epitelu alveoll

https://www.ncbi.nlm.nih.gov/books/NBK547669/



Diseminovana intravaskularni koagulace (DIC)

systémova aktivace koagulace (infekce, trauma, nadory, porodni komplikace, potransfusni reakce)
* intravaskularni depozice fibrinu => trombdzy, ischemie a organova selhani
* vycCerpani desticek a koagulacnich faktor( => krvaceni

Tissue factor

prmﬁﬂam%atory : - expression F|brm deposition ——3n [ [ '

. Ccytokines ==V q’ ? . =< ‘
Y, 2

@ {)

. Insufficient
Impairment of removal

anticoagulant
mechanisms ‘ /

Plasmmog
activator inhibitor 1

— e
Endothelial cell

https://www.nejm.org/doi/10.1056/NEJMra1208626



,..While the general concept of an excessive or uncontrolled release of proinflammatory cytokines is

[ s
CytO kl ny Se bou rl eoe well known, an actual definition of what constitutes a cytokine storm is lacking...”

cytokinova boure (hypercytokinemie)
* deregulace plisobeni prozanétlivych cytokin(
* systémové plsobeni vedouci k MODS

ORIGINAL ARTICLE

Shock and Multiple-Organ Dysfunction after Self-Administration of

. Salmonella Endotoxin

Angelo M. Taveira da Silva, Helen C. Kaulbach, Francis S. Chuidian, David R. Lambert, Anthony F. Suffredini, and Robert L. Danner

% ORIGINAL ARTICLE

Cytokine Storm in a Phase 1 Trial of the Anti-CD28 Monoclonal Antibody
TGN1412

1 hour — simultaneously, the six men begin suffering excruciating headaches, shivering, back pain, gut pain,
diarrhoea, swelling and nausea

4 hrs — all have fevers, are flushed, their blood pressure drops dangerously low and their hearts start to race.
Blood tests show their lymphocytes and monocytes are fast vanishing.

5 hrs — one patient begins fighting for his breath. All suffer lung pain. They are all given steroids and other
medications to ease inflammation.

12 hrs — the patient fighting for his breath is so bad that he has to be taken into intensive care and put on a
ventilator to keep him alive. Suntharalingam decides to take all the volunteers into intensive care as a precaution.
24 hrs — two people are on ventilators, and the four others need support with breathing.

48 hrs — the four least affected men start to recover, but all six begin to suffer multi-organ failure, and have to be
attached to kidney machines...

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3294426/



Co stoji za nachylnosti k cytokinové boufri?

* hyperfunkéni varianty Toll-like receptorl (TLR1, TLR4)?

e polymorfismy v SOCS (supresory cytokinoveé signalizace)?
e original antigenic sin?

* imunosenescence, Inflamm-aging

e environmentalni faktory?

* vitamin D status?

e Something Completely Different?



SARS-CoV-2 koagulopatie
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https://www.nature.com/articles/s41577-020-0331-4/figures/2
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— Tissue damage

— Hypoxia

— Hypotension

— Organ dysfunction
— Organ failure
— Death

https://mariaromanova.org/illustration.html#gallery-3



Chronicky zanet

» perzistujici infekce (TBC, Syfilis, Lepra)

* prolongovana expozice iritantum

e opakované akutni zanéty

e primarné chronicky zanét — nizce virulentni agens, sterilni zanét (silikdza)
e autoimunitni zanéty (trvalé ukladani imunokomplexu)

* nezname priciny



Chronicky zanet

obezita jako chronicky zanétlivy stav

Pulmonary
adipose tissue

Periadventitial
adipose tissue

Perirenal
adipose tissue

Bone marrow
adipose tissue

Epicardial
adipose tissue

Subcutaneous
adipose tissue

Visceral
adipose tissue

Lean with normal
metabolic function

< Inflammation
< Metabolic control
« Vascular function

Blood vessel

Anti-inflammatory adipokines
Adiponectin
SFRP5

https://www.semanticscholar.org/paper/Adipokines-in-inflammation-and-metabolic-disease-Ouchi-Parker/b409ed2312330ef9a123f5eb700e93537ee9c21c/figure/3
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Secretory cells of

adipose tissue
Cytokine and cytokine-
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Complement and
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Lipid transport other lipids
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TRENDS in Pharmacological Sciences

Figure 1. Factors released or secreted by adipose tissue. Adipocytes, immune cells, fibroblasts, endothelial cells, and others contribute to the release of metabolites, lipids,
and adipokines. Examples of adipose tissue-derived molecules are provided here. Abbreviations: 2-AG, 2-Arachidonoylglycerol; ASP, acylating simulation protein; BMPs,
bone morphogenetic proteins; CTRPs, C1g/TNF-related proteins; FGF21, fibroblast growth factor 21; MCP-1, monocyte chemotactic protein-1; PAI-1, plasminogen activator
inhibitor-1; RAS, renin angiotensin system; RBP4, retinol binding protein 4. Modified from [3,5,6].



Hojeni ran

Epidermis

Eschar

Bacteria

Haemostasis
Macrophage

Keratinocyte @
< o Platelet

Fibroblast
PDGF, EGF
and TGFf

e

Activated platelets

Inflammation /

CX3CL1,
CCL2, PDGF

Dermis

Fibrin clot i
i Remodelling
Matrix remodelling
* TGFpB, PDGF, FGF2,
MMPs and TIMPs

“»— Collagen

|
VEGF,EGF,IL-1, 09 Proliferation

TNF, TGF, IL-8,

TGFB, VEGF,
FGFs, VEGF, HGF EGF FGFs, FGFs, IL-1B

o IL-1, HGF
0o’ ‘ 00 P’
° 0® o FGFs, o
Macrophage i? : € ©TGFa
CXCL1, CXCLS, ) :
PDGF, TGFB Endothelial cell Keratinocyte
I Blood : :
%o vessel M TGFp, FGFs, PDGF, IL-1, TNF  FGFs, IGFs, IFNs,
O : : : %%® TGFB, VEGF, HGF,
Y o TGFB, ) ECM deposition
° |GF Adipose o
tissue i . == . ° e e
Neutrophil Monocyte Fibroblast  Myofibroblast iy
Injury Healing

https://www.nature.com/articles/s41572-020-0145-5/figures/2



Hojeni ran

* Sanatio per primam intentionem
primarni hojeni rany, chirurgické vykony, mala jizva

e Sanatio per secundam intentionem
Infikované, Siroce zejici rany, nekrdza, vétsi podil vaziva, vétsi jizva

Faze hojeni:
 Hemostaticka (koagulaéni) — vazokonstrikce, koagulace, aktivace desticek, tvorba fibrinu — provizorni , leseni”
e Zanétliva (exsudacni, Cistici) — migrace a aktivace monocytl a makrofagu
* Proliferacni (granulaéni) — aktivace fibroblastt a keratinocytu
e vznika nové pojivové tkané
* Epitelizace
* Angiogeneze
* Remodelacni (maturacni) — prestavby extracelularni matrix



Hypersenzitivita
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IgE is bound to mast cells
via its Fc portion. When an
allergen binds to these
antibodies, crosslinking of
IgE induces degranulation.

Cells are destroyed by bound
antibody, either by activation of
complement or by a cytotoxic
T cell with an Fc receptor for
the antibody (ADCC)

Antigen—antibody complexes
are deposited in tissues,
causing activation of
complement, which attracts
neutrophils to the site

Th1 cells secrete cytokines,
which activate macrophages
and cytotoxic T cells and can
cause macrophage
accumulation at the site

Causes localized and
systemic anaphylaxis,
seasonal allergies including
hay fever, food allergies

such as those to shellfish and
peanuts, hives, and eczema

Red blood cells destroyed by
complement and antibody
during a transfusion of
mismatched blood type or
during erythroblastosis fetalis

Most common forms of
immune complex disease are
seen in glomerulonephritis,
rheumatoid arthritis, and
systemic lupus erythematosus

Most common forms are
contact dermatitis, tuberculin
reaction, autoimmune diseases
such as diabetes mellitus

type |, multiple sclerosis, and
rheumatoid arthritis

https://upload.wikimedia.org/wikipedia/commons/f/fe/2228 Immune_Hypersensitivity_new.jpg



Hypersenzitivita - souhrn

Typel Typell Typellll Type IV
Antigen form Soluble antigen Cell-bound antigen Soluble antigen Solublaer{ tci:ggnbound
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https://www.grepmed.com/images/10267/physiology-overview



Imunodeficience

1. Primarni (vrozené)
* Geneticky podminéné vznikajici jako nasledek mutaci
2. Sekundarni (ziskané)

Defekty specifické imunity — poruchy T-lymfocytl a B-lymfocytd (porucha tvorby protilatek) (pripadné obojiho => SCID)
Defekty nespecifické imunity — poruchy fagocytézy, komplementu, NK bunék.
Imunodeficity sdruzené s jinymi vrozenymi syndromy

https://flashbak.com/david-vetter-was-the-boy-in-the-bubble-1971-1984-4175/



HIV/AIDS
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