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Absztrakt

Mivel a vakcinák valójában előállıt́ott kémiai vegyületek, például gyógyszerek, a mellékhatások
megjelenése a használatukat követően nem meglepő. Hasonlóképpen, mivel az oltások fő célja
az immunrendszer serkentése, kiváltva a védő antitestek termelését, a fokozott immunaktivitás
következményeként fellépő autoimmun-mellékhatások nem tűnnek irracionálisnak. Szerencsére
az ilyen mellékhatások aránya alacsony; azonban nem lehet eléggé hangsúlyozni az oltásokat
követő nemkıv́ánatos események jelentésének, a megjelenésük mögötti mechanizmusok
megértésének, a korai diagnózis felállıt́ásának és a megfelelő kezelés fontosságát. Valójában a
vakcinák, különösen az adjuvánsokon alapuló oltások autoimmun-mellékhatásairól már jóval az
adjuvánsok által kiváltott autoimmun/gyulladásos szindróma (ASIA) bevezetése előtt
beszámoltak. Mindazonáltal az ASIA egy cıḿ alatt gyűjtötte össze és egyesıt́ette a vakcinák
mellékhatásait, ami segıt́ett a kutatás megszervezésében, és jobb immunstimulátorokat igényelt,
mint az adjuvánsokat. A védőoltások új gyártási technológiáira és módszereire a COVID-19
világjárvány idején, az mRNS-alapú vakcinák bevezetése után egyértelműen fel�igyeltek. Jelen
cikkünkben bemutatjuk a vakcinák mellékhatásainak fogalmát, különös tekintettel az autoim-
mun természetűekre, az A� zsia mechanizmusait és a szindrómához kapcsolódó főbb vakcinákat,
köztük a legújabb COVID-19 vakcinákat. Munkánk fő gondolata a mellékhatásokról A� zsiára való
átmenet.

Kulcsszavak:	A� zsia, adjuváns, hepatitis B vakcina, in�luenza elleni védőoltás, COVID-19

1. Bemutatkozás

A vakcinák továbbra is létfontosságú megelőző intézkedést jelentenek a fertőző betegségek el-
len több mint 200 éve [ 1 , 2 , 3 , 4 ]. Más gyógyszerektől eltérően a vakcinák bizonyos mellék-
hatásokkal járnak, amelyek közül néhány rövid távú és akut, mıǵ mások a gazdaszervezet im-
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munrendszerével való összetett kölcsönhatások következményei, amelyek végső soron autoim-
munitás és autoimmun betegségek kialakulásához vezethetnek.

Az autoimmun betegségek többtényezős rendellenességek, amelyek több tényező együttes kö-
vetkezményeként manifesztálódnak, ahol a genetikai és környezeti tényezők képezik ennek az
összefüggésnek a magját [ 5 ]. Az adjuvánsokkal, a vakcinák immunválaszt kiváltó képességének
fokozását célzó kémiai vegyületekkel viszont évtizedek óta az autoimmun jelenségek egyik
kulcsfontosságú kiváltójaként foglalkoznak. Valójában az adjuvánsok nem meglepővé teszik az
autoimmun megnyilvánulások lehetőségét az oltással szemben. A komponenseket tekintve az
adjuvánsok a vakcinákban gyakran használt alumıńium alapú anyagoktól a szilıćiumig és a ne-
hézfémekig, például a higanyig és a jód-gaditálig terjednek, többek között [ 7 ].

Adjuvánsok által kiváltott autoimmun/gyulladásos szindróma (ASIA), amelyet először Shoen-
feld és munkatársai határoztak meg. 2011-ben [ 8 ], az adjuvánsok szervezetbe juttatását kö-
vető immunválaszból áll. Az ASIA szindróma 5 szindróma gyűjteményéből áll: makrofág myo-
fasciitis szindróma, beteg épület szindróma, O� bölháború szindróma, szilikonózis és vakcinázás
által kiváltott autoimmunitás [ 9 ]. Ahhoz, hogy egy állapot A� zsiaként diagnosztizálható legyen,
két fő kritériumnak vagy egy fő kritériumnak kell teljesülnie két kisebb kritérium mellett [ 10 ].
A fő kritériumokat elsősorban az ASIA-szindróma klinikai aspektusai jelentik, a külső ingerek-
nek (adjuvánsoknak) való expozıćió pozitıv́ anamnézisén kıv́ül, a tipikus gyulladásos leleteknek
megfelelő szövettani mintázatok, vagy a sértő alany eltávolıt́ása utáni javulás [ 11 ]. A kisebb
kritériumok viszont a szindróma immunrendszerrel kapcsolatos vonatkozásaira vonatkoznak;
ezek közé tartoznak az anti-adjuváns antitestek, az autoimmun rendellenességek kialakulása, a
másodlagos rendellenességek, például az IBS kialakulása, valamint bizonyos HLA-antigének
(HLA-DRB1, HLA-DQB1) által okozott genetikai hajlam. A kritériumokat aAsztal 1.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9966463/table/medicina-59-00364-t001/


2024. 03. 20. 15:04 Vakcinák és autoimmunitás – a mellékhatásoktól az ázsiai szindrómáig – PMC

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9966463/ 3/14

Asztal 1

Az ASIA-szindróma diagnosztikai kritériumai főbb és kisebb kritériumokra oszthatók.

Főbb	kritériumok Kisebb	kritériumok

SSC = szisztémás szklerózis; MS = sclerosis multiplex.

Jelen cikkünkben az volt a célunk, hogy felvázoljuk az autoimmun eredetű mellékhatások főbb
vonalait, valamint az adjuvánsok által kiváltott tünetek és manifesztációk konstellációjának pon-
tosabb szindrómás leıŕására való átállást.

2. Történelmi háttér

Az autoimmun rendellenességek előfordulását a vakcinákkal összefüggésben alaposan kutatták
a korábban emlıt́ett „ASIA szindróma” kifejezés bevezetése előtt. Az O� böl-háborús szindrómával
és más neurológiai megnyilvánulásokkal együtt a szilikon mellimplantátumok és tetoválások az
„adjuvánsok által generált autoimmun/gyulladásos szindróma” (ASIA) kategóriájába tartoznak
[ 12 ].

A múltban többszörös autoimmun szindrómáról számoltak be az oltások körülményei között,
mint például a tetanusz toxoid vakcinát követő látóideg- és myelitis [ 13 ], valamint az 1990-es
években az in�luenza elleni oltást követő vasculitis [ 14 ]. Ezen túlmenően számos más vakciná-
ról számoltak be, amelyek autoimmun rendellenességeket okoznak, mint például az immunth-
rombocytopeniás purpura [ 15 ] és a diabetes mellitus [ 16 ] esetei, amelyeket az MMR vakcina

Expozı́ció külső ingereknek (fertőzés, vakcina,
szilikon, adjuváns) a klinikai tünetek megjelenése
előtt.

1-
A feltételezhetően érintett adjuváns elleni

antitestek megjelenése.

1-

A tipikus klinikai megnyilvánulások megjelenése:2-

Myalgia, myositis vagy izomgyengeség.a.
Artralgia és/vagy ı́zületi gyulladásb.
Krónikus fáradtság, nem frissı́tő alvás vagy

alvászavarok.

c.

Neurológiai megnyilvánulások (különösen a
demyelinizációhoz kapcsolódóan).

d.

Kognitı́v károsodás, memóriavesztés.e.
Láz.f.

Másodlagos klinikai megnyilvánulások
(irritábilis bél szindróma, intersticiális cystitis

stb.).

2-

Jellemző szövettani leletek a sértő szervek

biopsziája után (például granulomatózus gyulladás
vagy limfocita in�iltráció).

3-

Autoimmun betegség (pl. MS, SSc) kialakulása.3-

A károsı́tó ágens eltávolı́tása a tünetek javulását
eredményezi.

4-
Humán leukocitákra speci�ikus antigének (HLA

DRB1, HLA DQB1), amelyek az ASIA
kialakulásához kapcsolódnak.

4-
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beadása után jelentettek. Az autoimmun mellékhatásokkal leginkább összefüggő vakcinák közé
tartozik a hepatitis B vakcina. A hepatitis B vakcinát erythema nodosummal [ 17 ], immunth-
rombocytopeniával [ 18 ], myasthenia gravis-szal [ 19 ], uveitisszel [ 20 ], Reiter-szindrómával [
21 ], ıźületi gyulladással [ 22 ], szisztémás lupusz 2-vel (SLE3 erythe) társıt́ották . , központi
idegrendszeri (CNS) demyelinizáció [ 24 ], végül Evan-szindróma [ 25 ].

E� rdekes megjegyezni, hogy a HLA-B27 antigénhordozókat összefüggésbe hozták az oltás utáni
autoimmun betegségek fokozott kockázatával [ 26 ], beleértve az uveitist, a Reiter-szindrómát
és a spondylitis ankylopoetica-t, ami az „autoimmunitás mozaikjának” gondolatát jelöli és támo-
gatja. összetett mechanizmusaival és genetikailag fogékony egyedekben való megjelenésével [
27 ]. Shoenfeld és munkatársai további tanulmányai szerint. 2009-ben az immunrendszer felis-
meri az adjuváns molekulákat a leukocitákon lévő toll-like receptorokon (TLR) keresztül, ami
adjuváns által kiváltott immunválaszt indukál. Ezek a megállapıt́ások ahhoz a hipotézishez ve-
zettek, hogy az adjuvánsok, köztük a HBV, HPV és HAV viroszómái, az MF59 bizonyos vıŕusvak-
cinákban, az MPL, az AS04, az AS01B és az AS02A vıŕusos és parazitabetegségek ellen, valamint
a koleratoxin a kolera esetében lehet a tényező. autoimmun betegségekre hajlamosıt́ja az
egyént az oltás során [ 28 ].

Különféle adjuvánsokat ıŕtak le, amelyek autoimmun betegségeket okoznak. Például az ásvány-
olaj adjuvánsokat a szklerotizáló lipogranulómákkal [ 29 ], az alumıńium adjuvánsokat a sclero-
sis multiplex, a krónikus fáradtság szindróma és a polymyalgia rheumatica [ 30 ] megjelenésé-
vel , végül a szilikon adjuvánsokat a kötőszöveti esetekkel hozták összefüggésbe. szöveti beteg-
ségek [ 31 ], scleroderma, SLE és rheumatoid arthritis [ 32 ]. A közelmúltban a tetoválások is az
ASIA-szindróma részét képezik, mivel összefüggésbe hozhatók a sarcoidosis granuloma esetei-
vel, amelyeket egy tetoválásos beteg fej melanómájának interferon-alfa kezelését követően ıŕtak
le [ 33 ].

A leıŕt megállapıt́ások mindegyike oda vezetett, hogy Shoenfeld és csapata bevezette az ASIA
kifejezést.

3. A� zsia patofiziológiája

A legtöbb egyéb autoimmun betegséghez képest az ASIA hasonló abban, hogy számos tényező
áll patogenezisében, beleértve a környezeti és genetikai tényezőket. Amint azt a szindróma neve
is sugallja, a fő mögöttes környezeti tényezőt az adjuvánsok jelentik, amelyek az A� zsia fő kritéri-
umaiban a fő szerepet teszik ki [ 12 ].Asztal 1). Az adjuvánsok olyan szerek, amelyek fokozzák a
veleszületett immunrendszer aktiválását, ami az anyagok, például a vakcinák jobb hatékonysá-
gát eredményezi [ 34 ]. Az egyik leggyakrabban használt adjuváns az alumıńium és sói, amelye-
ket a tetanusz, agyvelőgyulladás, HPV és sok más elleni vakcinák előállıt́ásához használtak [ 35
]. Az adjuvánsok a molekuláris mimikri révén [ 36 ] a TLR-ek ligandumaként működnek [ 37 ],
amelyek viszont aktiválódásuk után elkezdenek I. tıṕusú INF-et és proin�lammatorikus citokine-
ket termelni [ 38 ]. Ezenkıv́ül az adjuvánsok a dendritikus sejtek toborzásához vezetnek kemo-
taxison és antigénprezentáló sejtek aktiválásán keresztül, ami viszont portensebb B-sejtes és T-
sejt-válaszokat eredményez. Ez végső soron erősebb adaptıv́ immunválaszt eredményez az anti-
génekkel szemben [ 28 ].

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9966463/table/medicina-59-00364-t001/
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Egy másik környezeti tényező, amelyet az 1960-as évek óta használnak, és számos beszámoló
számolt be az alkalmazása során másodlagos autoimmun reakciókról, a szilikon [ 39 ]. Ez
utóbbi szerepet játszik az adaptıv́ immunsejt-proliferáció és citokin-felszabadulás aktiválásában,
amelyek T-sejt-proliferációhoz és polarizációhoz vezetnek, ami végül a �ibrózis elősegıt́ését
eredményezi [ 40 ].

Ami a genetikát illeti, bár az ASIA diagnosztizálásának kisebb kritériuma.Asztal 1), fontos szere-
pet tölt be a kölcsönhatásban, mivel termékeny alapot biztosıt́ A� zsia elterjedéséhez. Amikor az
A� zsia és más autoimmun betegségek genetikai faktorairól beszélünk, az olyan gének, mint a
HLA-DRB1 és a HLA DQB1 [ 41 ], a PTPN22 mellett az A� zsia iránti genetikai érzékenység re�lek-
torfényébe kerülnek [ 42 ]. Sőt, bizonyos tanulmányok epigenetikai érintettségre utalnak, mivel
a környezeti tényezőknek való magas kitettség ellenére az A� zsia iránti fogékonyság még mindig
meglehetősen alacsony [ 43 ].

4. A� zsiával kapcsolatos főbb vakcinák

4.1. Hepatitis B vakcina

A hepatitis B elleni vakcina a jelenlegi vakcinák közül a legtöbb autoimmun megnyilvánulással
rendelkező oltóanyag. 93, 26,5 éves átlagéletkorú személy elemzésében Zafrir et al. [ 44 ] a he-
patitis B oltást követően átlagosan 43,2 nappal számolt be tünetekről. A mintában a résztvevők
70%-ának voltak neuropszichiátriai tünetei, 60%-ánál neurológiai megnyilvánulások, köztük
fényérzékenység 30%, paresztézia 23%, rövid távú memóriavesztés 15%, szédülés 14%, járás-
zavar 8,6%, égő érzés 7,5%, bénulás 7,5 %, látóideggyulladás 7,5%, kognitıv́ diszfunkció 7,5%,
neurogén hólyag és bél 6,5%, ataxia 6,5%, görcsroham 5%, nystagmus 4%, szédülés 4%, hy-
pore�lexia 4%, Lhermitte-jelenség 3%, hyperesthesia 3%, vizeletretenció 2%, dysarthria 2%,
fülzúgás 2%, nyaki merevség 1%, myoclonus rándulások 1%, tics 1%. Ezenkıv́ül a betegek 32%-
a szemészeti tüneteket is mutatott; ezek között volt a szemmező látásváltozása 20,4%, kettőslá-
tás 6,5%, látásvesztés 6,4%, uveitis 3%, conjunctivitis 2%, tekintetzavar 2%, retinopathia 1%.
Izom-csontrendszeri tüneteket a betegek 59%-a mutatott ki, ezek a tünetek: ıźületi fájdalom
36,5%, izomfájdalom 25,8%, ıźületi merevség 19,3%, hátfájás 14%, ıźületi gyulladás 10,7%,
izomgörcs 7,5%, izomtónus 3%, izomsorvadás 3 %. Hányinger, hányás, hasi fájdalom, fogyás,
csökkent étvágy, hasmenés és székrekedés volt a GI-tünetek között a betegek 50%-ánál. A bőr-
rel kapcsolatos mellékhatásokat a betegek 30%-ánál regisztrálták, beleértve a bőrkiütést, a ma-
laris kiütést, a fényérzékenységet és a Raynaud-jelenséget. Végül a betegek 60%-a általános tü-
neteket mutatott, mint például fáradtság 41,9%, gyengeség 20,4%, láz 18%, hidegrázás 7,5% és
nyirokcsomó-megnagyobbodás 5%.

Egyes tanulmányok SLE [ 45 ], akut disszeminált encephalomyelitis (ADEM) [ 46 ] eseteiről és
az anti-foszfolipid antitestek [ 47 , 48 ] emelkedéséről is beszámoltak a rekombináns HBV vak-
cina beadását követően.

4.2. Influenza elleni védőoltás

Számos esetben az in�luenza elleni védőoltásokat az endokrin rendszerrel kapcsolatos autoim-
mun szövődményekhez kötötték. Egy esettanulmány kimutatott egy 21 éves kaukázusi fér�ibete-
get, aki egy héttel az in�luenza elleni vakcina beadását követően mellékvese krıźisben jelentke-
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zett diftéria, tetanusz és acelluláris pertussis (DTaP) mellett [ 49 ]. Ezenkıv́ül Hsiao és mtsai. egy
25 éves nő esetéről számoltak be, akinek nyaki fájdalma és duzzanata alakult ki két nappal az
in�luenza elleni vakcina beadása után [ 50 ]. A lézió �inom tűvel történő leszıv́ása többmagvú
óriásgranulomákat tárt fel a pajzsmirigyben. Egy másik eset egy 36 éves nőnél tachycardia, szo-
rongás és érzékenység tüneteit mutatta a nyakában egy hónappal a H1N1 in�luenza elleni vak-
cina beadása után [ 51 ]. A páciensnél később szubakut pajzsmirigygyulladást diagnosztizáltak.

Ezenkıv́ül számos tanulmány összefüggésbe hozta az in�luenza elleni védőoltást a Guillain-
Barré-szindrómával (GBS). Például az 1970-es években az Egyesült A� llamokban a katonaság
in�luenza elleni védőoltási programja során minden 10 000 beoltott személyre egy GBS-esetet
ıŕtak le [ 52 ]. Ezenkıv́ül egy 39, 1981 és 2014 között közzétett tanulmány metaanalıźise során
az in�luenza elleni vakcina beadását követően a GBS fokozott kockázatát találták; ez a növeke-
dés különösen szembetűnő volt a H1N1 oltásban részesülő betegeknél [ 53 ].

A vasculitist több tanulmányban összefüggésbe hozták az in�luenza elleni védőoltással is. 1966
és 2016 között 45 jelentés értékelése során Watanbe azt találta, hogy 65 betegnél alakult ki
vasculitis az in�luenza elleni védőoltás utóhatásaként [ 54 ]. Az esetek közül 13 nagyeres vascu-
litis, 42 kisér vasculitis és 5 egyszervi vasculitis. Soriano és munkatársai nyolc óriássejtes arte-
ritis (GCA) esetet is jelentettek. [ 55 ]. Ezenkıv́ül Shoenfeld és mtsai. 2 esetben számoltak be
ANCA-asszociált vasculitisről in�luenza elleni védőoltást követően [ 8 ]. Az összefüggést tovább
dolgozták egy tanulmányban, amely az in�luenza elleni védőoltások után négy ANCA-asszociált
vasculitis esetet mutatott ki, ezek az esetek egyaránt tartalmaztak új kezdeteket, valamint relap-
szusokat [ 56 ].

Az in�luenza elleni védőoltásokat APS-sel [ 47 ], narkolepsziával [ 57 ], ADEM-mel [ 46 , 58 ],
Crohn-betegséggel [ 59 ] és transzverzális myelitissel [ 60 ] is összefüggésbe hozták .

4.3. Humán papilloma vı́rus (HPV) elleni védőoltások

A Vaccine Adverse Event Reporting System (VAERS) adatbázis elemzésében Geier et al. kimutat-
ták, hogy a GARDASIL quadrivalens HPV vakcinával beoltott egyének többek között gastroente-
ritishez, SLE-hez, alopeciához, központi idegrendszeri állapotokhoz és ıźületi gyulladáshoz tár-
sultak [ 61 ].

A HPV elleni oltást a menstruációs ciklus rendellenességeivel és az elsődleges petefészek-elég-
telenséggel (POI) hozták összefüggésbe. Három egymással nem összefüggő esetet jelentettek
nőbetegeknél, akiknél a menstruációs ciklus rendellenességei alakultak ki Ausztriában a HPV-
oltás beadását követően [ 62 ]. Colafrancesco és munkatársai három másodlagos amenor-
rhoeás esetet ıŕtak le a HPV-oltás után; a betegek tünetei nem javultak a hormonpótló kezelés
hatására [ 63 ].

A HPV-oltást SLE-vel [ 64 ] és vasculitissel [ 61 ] is összefüggésbe hozták , beleértve a Henoch–
Schoenlein purpurát [ 59 ].

4.4. COVID-19 elleni védőoltások
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A SARS-CoV-2 világjárvány kezdete és kezdeti �igyelmeztetései óta [ 65 ] a vakcinák nagy szere-
pet játszottak a járvány morbiditásának és mortalitásának visszaszorıt́ásában. Az US Centers
for Disease Control and Prevention VAERS-e szerint több mint 550 millió adag SARS-CoV-2 ol-
tást adtak be [ 66 ]. Körülbelül 0,0042%-ról számoltak be jelentős nemkıv́ánatos eseményekről;
ezek a nemkıv́ánatos események közé tartoznak a súlyos allergiás reakciók, thromboticus ese-
mények, thrombocytopenia, Guillain-Barré-szindróma, szıv́izomgyulladás és halál. Sőt, a meg-
nyilvánulásokkal az autoimmunitással kapcsolatos vitákban is foglalkoztak, és úgy tűnik, hogy
az oltási arányok emelkedésével fokozódnak [ 67 , 68 , 69 ]. A COVID-19 oltások mellékhatásait
vizsgáló 276 publikált eset értékelése során Jara és munkatársai [ 70 ] a következőket találták
bejelenteni: Guillain-Barré szindróma (151 beteg), vakcina által kiváltott trombotikus throm-
bocytopenia (93 eset), autoimmun máj betegségek (8 eset), immunthrombocytopeniás purpura
(7 eset), IgA nephropathia (5 eset), Graves-kór (4 eset), szisztémás lupus erythematosus (3
eset), autoimmun polyarthritis (2 eset) és rheumatoid arthritis (2 eset) ). Az emlıt́ett és közölt
mellékhatások főként az mRNS-sel (BNT162b2 vagy mRNS-1273) és a ChAdOx1 adenovıŕus-
vektor-alapú vakcinával voltak kapcsolatosak [ 68 ]. A� ltalánosságban elmondható, hogy a mel-
lékhatások ritkák voltak a beoltott emberek számához képest, és az újonnan kifejlesztett és be-
vezetett módszer, különösen az mRNS, megnyitotta az utat a biztonságosabb és hatékonyabb
vakcinák előtt, amelyeket nagyon rövid idő alatt állıt́anak elő [ 71 , 72 ].

Tanulmányok beszámoltak a COVID-19 ADEM-ről [ 70 , 73 ], 1-es tıṕusú diabetes mellitusról [
74 ], vasculitisről [ 75 , 76 ] és autoimmun pajzsmirigy-szövődményekről [ 77 , 78 , 79 , 80 , 81 ,
82 , 83 ]. .

5. Következtetések

A védőoltások továbbra is elengedhetetlenek a fertőző betegségek leküzdésében, az átterjedé-
sük megelőzése és a kapcsolódó morbiditás és mortalitás csökkentése révén. Fontos azonban
�igyelembe venni a vakcinákkal kapcsolatos nemkıv́ánatos események lehetőségét, különösen
azokat, amelyek autoimmun szövődményekkel járnak, különösen a genetikailag hajlamos egyé-
neknél. Ez utóbbi kétségtelenül segıt́ene a megelőzésben, a korai diagnózisban és a kezelésben.
Ezen túlmenően, az A� zsia mögött meghúzódó mechanizmusok mellett a kockázatok megértése
alapvető fontosságú a biztonságosabb mellékhatáspro�illal rendelkező vakcinák kifejlesztésé-
hez. Jó példának tekintjük a COVID-19 vakcinák fejlesztése során bevezetett újabb technológiá-
kat, például az mRNS-mechanizmust. Ez a megközelıt́és rendkıv́ül üdvözlendő a vakcinák eseté-
ben, mivel a világjárvány hozzájárult azok megjelenéséhez.

Finanszıŕozási nyilatkozat

Ez a kutatás nem kapott külső támogatást.

Szerzői hozzájárulások

IS: adatgyűjtés, ıŕás – eredeti tervezet elkészıt́ése. RS: ıŕás – eredeti tervezet előkészıt́ése. AE:
ıŕás – eredeti tervezet előkészıt́ése. NM: koncepcióalkotás, ıŕás – áttekintés és szerkesztés. Min-
den szerző elolvasta és elfogadta a kézirat közzétett változatát.
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12 , 1051–1055. doi: 10.1080/21645515.2015.1108502. [ PMC ingyenes cikk ] [ PubMed ] [ CrossRef ] [ Google Scholar

]
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Rheumatol.	1994; 21 , 239–245. [ PubMed ] [ Google Scholar ]

33. Toulemonde A., Quereux G., Dreno B. Sarcoidosis granuloma interferon alfa által kiváltott tetováláson. Pt 1 Ann.
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Abstract

Since vaccines are in fact manufactured chemical compounds such as drugs, the appearance of
side effects following their use is not surprising. Similarly, as the main goal of vaccines is to
stimulate the immune system bringing out the production of protective antibodies, autoim-
mune-related side effects as a consequence of increased immune activity do not seem irratio-
nal. Fortunately, the rate of such side effects is low; however, the importance of reporting ad-
verse events following vaccinations, understanding the mechanisms behind their appearance,
making early diagnosis, and appropriate treatment cannot be overemphasized. In fact, autoim-
mune-related side effects of vaccines, particularly those based on adjuvants, were reported
long before the introduction of the autoimmune/in�lammatory syndrome induced by adjuvants
(ASIA). Nevertheless, ASIA gathered and united the side effects of vaccines under one title, a
step which helped organize the research and call for better immune stimulators than adjuvants.
New technologies and methods of making vaccines were clearly noticed during the pandemic
of COVID-19 after the introduction of mRNA-based vaccines. In our current paper, we intro-
duce the notion of side effects to vaccines, particularly those of autoimmune nature, the mecha-
nisms of ASIA, and the main vaccines linked with the syndrome including the recent COVID-19
vaccines. The transition from side effects to ASIA is the main idea behind our work.

Keywords:	ASIA, adjuvant, hepatitis B vaccine, in�luenza vaccine, COVID-19

1. Introduction

Vaccines have continued to be a vital preventative measure against infectious diseases for more
than 200 years [1,2,3,4]. Not dissimilar to other drugs, vaccines are associated with certain side
effects, some of which are short lasting and acute while others are a consequence of complex
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interactions with the immune system of the host which might ultimately result in the induction
of autoimmunity and autoimmune diseases.

Autoimmune diseases are multifactorial disorders manifesting as a consequence of a
conglomerate of factors where genetic and environmental ones constitute the core of this
correlation [5]. In turn, adjuvants, the chemical compounds utilized in the manufacturing of
vaccinations aiming to boost the ability of vaccines to generate an immune response [6], have
been addressed for decades as one of the key triggers of autoimmune phenomena. In fact,
adjuvants make the potential of autoimmune manifestations secondary to vaccination not
surprising. In terms of components, adjuvants range from aluminum-based material often used
in vaccines, to silicon and heavy metals such as mercury and iodine gadital, among others [7].

Autoimmune/in�lammatory syndrome induced by adjuvants (ASIA), �irst de�ined by Shoenfeld
et al. in 2011 [8], consists of an immune response that follows the introduction of adjuvants
into the body. The syndrome of ASIA consists of a collection of 5 syndromes: macrophagic
myofasciitis syndrome, sick building syndrome, Gulf War syndrome, siliconosis, and
vaccination-induced autoimmunity [9]. For a condition to be diagnosed as ASIA, two major
criteria or one major criteria alongside two minor ones must be ful�illed [10]. Major criteria
are represented mainly by clinical aspects of ASIA syndrome, in addition to a positive history of
exposure to external stimuli (adjuvants), histological patterns corresponding with typical
in�lammatory �indings, or improvement after removal of the offending subject [11]. In turn,
minor criteria refer to the immune related aspects of the syndrome; these include anti-adjuvant
antibodies, the development of autoimmune disorders, development of secondary disorders
such as IBS, and genetic predisposition via certain HLA-antigens (HLA-DRB1, HLA-DQB1). The
criteria are illustrated in Table 1.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9966463/table/medicina-59-00364-t001/
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Table 1

The diagnostic criteria for ASIA syndrome divided into major and minor criteria.

Major	Criteria Minor	Criteria

SSC = systemic sclerosis; MS = multiple sclerosis.

We aimed in our current paper to delineate the major lines of autoimmune-related side effects
and the transition to a more precise syndromic description of the constellation of symptoms
and manifestations induced by adjuvants.

2. A Historical Background

The incidence of autoimmune disorders in the context of vaccines had been extensively
researched prior to the introduction of the term “ASIA syndrome” mentioned earlier. Along
with the Gulf War syndrome and other neurological manifestations, silicone breast implants
and tattoos are now included in the category of “autoimmune/in�lammatory syndrome
generated by adjuvants” (ASIA) [12].

Multiple autoimmune syndromes have been reported in the past in the settings of vaccinations,
such as optic neuritis and myelitis following tetanus toxoid vaccine [13], and vasculitis
following in�luenza vaccine in the 1990s [14]. Additionally, many other vaccines have been
reported to cause autoimmune disorders, such as cases of immune thrombocytopenic purpura
[15] and diabetes mellitus [16] reported after receiving the MMR vaccine. Among the vaccines
most associated with autoimmune side effects historically is the hepatitis B vaccine. Hepatitis B
vaccine has been associated with erythema nodosum [17], immune thrombocytopenia [18],

Exposure to external stimuli (infection, vaccine,
silicone, adjuvant) before the onset of clinical
symptoms.

1-
Appearance of antibodies directed against the

adjuvant suspected to be involved.

1-

The appearance of typical clinical manifestations:2-
Myalgia, myositis, or muscle weakness.a.
Arthralgia and/or arthritisb.

Chronic fatigue, un-refreshing sleep, or sleep
disturbances.

c.

Neurological manifestations (especially

associated with demyelination).

d.

Cognitive impairment, memory loss.e.
Fever.f.

Secondary clinical manifestations (irritable

bowel syndrome, interstitial cystitis, etc.).

2-

Typical histological �indings after biopsy of
offending organs (such a granulomatous
in�lammation or lymphocytic in�iltration).

3-
Evolvement of an autoimmune disease (i.e., MS,

SSc).

3-

Removal of offending agent results in improvement

of symptomatology.

4-
Antigens speci�ic for human leukocytes (HLA
DRB1, HLA DQB1) linked with the development
of ASIA.

4-
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myasthenia gravis [19], uveitis [20], Reiter’s syndrome [21], arthritis [22], systemic lupus
erythematosus (SLE) [23], central nervous system (CNS) demyelination [24], and �inally Evan’s
syndrome [25].

It is interesting to note that HLA-B27 antigen carriers have been linked to an increased risk of
developing autoimmune diseases after vaccination [26], including uveitis, Reiter’s syndrome,
and ankylosing spondylitis, denoting and supporting the idea of “the mosaic of autoimmunity”
with its complex mechanisms and appearance in genetically susceptible individuals [27]. As per
further studies by Shoenfeld et al. in 2009, the immune system recognizes adjuvant molecules
through toll-like receptors (TLRs) on leukocytes, inducing an adjuvant-induced immune
response. These �indings led to the hypothesis that adjuvants, including virosomes for HBV,
HPV, and HAV, MF59 in certain viral vaccines, MPL, AS04, AS01B, and AS02A against viral and
parasite illnesses, and cholera toxin for cholera, may be the factor that predisposes an
individual to autoimmune disorders upon vaccination [28].

Various adjuvants have been described to cause autoimmune diseases. For instance, mineral oil
adjuvants have been linked to sclerosing lipogranulomas [29], aluminum adjuvants have been
associated with the appearance of multiple sclerosis, chronic fatigue syndrome, and
polymyalgia rheumatica [30], and �inally, silicone adjuvants were linked to cases of connective
tissue diseases [31], scleroderma, SLE, and rheumatoid arthritis [32]. Recently, tattoos have
also been suggested to be part of the ASIA syndrome, as they have been connected to cases of
sarcoidosis granuloma, which were described following interferon-alpha treatment for a head
melanoma in a patient with tattoos [33].

All of the �indings described led to the introduction of the term ASIA by Shoenfeld and his
team.

3. The Pathophysiology of ASIA

When compared to the majority of other autoimmune diseases, ASIA is similar in that several
factors underlie its pathogenesis, including environmental and genetic factors. As implied by
the name of the syndrome, the main underlying environmental factor is adjuvants which
compose the main part in the major criteria of ASIA [12] (Table 1). Adjuvants are agents that
boost the activation of the innate immune system resulting in better ef�icacy of substances such
as vaccines [34]. One of the most common adjuvants in use is aluminum and its salts, which
have been used in the production of vaccines for tetanus, encephalitis, HPV and many others
[35]. Adjuvants, through molecular mimicry [36], act as ligand for TLRs [37], which in turn,
once activated, start producing type I INF and proin�lammatory cytokines [38]. Moreover,
adjuvants lead to the recruitment of dendritic cells via chemotaxis and activation of antigen
presenting cells, which in turn results in more portent B-cell and T-cell responses. This
ultimately results in a stronger adaptive immune response to antigens [28].

Another environmental factor used since the 1960s, with several reports of autoimmune
reactions secondary to its application, is silicone [39]. The latter has been implicated in
activation of the adaptive immune cell proliferation and cytokine release that lead to T cell
proliferation and polarization which result eventually in promotion of �ibrosis [40].

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9966463/table/medicina-59-00364-t001/
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In terms of genetics, although considered a minor criterion for the diagnosis of ASIA (Table 1),
it holds an important role in the interplay by providing fertile grounds for ASIA to propagate.
When speaking of genetic factors for ASIA and other autoimmune diseases, genes such as HLA-
DRB1 and HLA DQB1 [41], alongside PTPN22, take the spotlight of genetic susceptibility to
ASIA [42]. Moreover, certain studies suggest epigenetic involvement, because despite the high
rates of exposure to environmental factors, susceptibility to ASIA is still rather low [43].

4. Major Vaccines Associated with ASIA

4.1. Hepatitis B Vaccine

Hepatitis B vaccine is considered to be the vaccine with most autoimmune manifestations
among current vaccines. In an analysis of 93 individuals with a mean age of 26.5 years, Zafrir
et al. [44] reported symptoms at a mean of 43.2 days following hepatitis B vaccinations. Of the
sample, 70% of the participants had neuropsychiatric symptoms, 60% showcased neurological
manifestations including photosensitivity 30%, paresthesia 23%, short term memory loss 15%,
dizziness 14%, gait disturbance 8.6%, burning sensation 7.5%, paralysis 7.5%, optic neuritis
7.5%, cognitive dysfunction 7.5%, neurogenic bladder and bowel 6.5%, ataxia 6.5%, seizure
5%, nystagmus 4%, vertigo 4%, hypore�lexia 4%, Lhermitte’s phenomenon 3%, hyperesthesia
3%, urinary retention 2%, dysarthria 2%, tinnitus 2%, nuchal rigidity 1%, myoclonic jerks 1%,
and tics 1%. Moreover, 32% of the patients also displayed ophthalmological manifestations;
among these were eye �ield visual changes 20.4%, diplopia 6.5%, visual loss 6.4%, uveitis 3%,
conjunctivitis 2%, gaze disturbance 2%, and retinopathy 1%. Musculoskeletal signs were
demonstrated by 59% of the patients, these symptoms involved arthralgia 36.5%, myalgia
25.8%, joint stiffness 19.3%, back pain 14%, arthritis 10.7%, muscle spasm 7.5%, muscle tone
3%, and muscle wasting 3%. Nausea, vomiting, abdominal pain, weight loss, decreased appetite,
diarrhea, and constipation were among the GI symptoms found in 50% of the patients. Skin-
related side effects were registered in 30% of patients including rash, malar rash,
photosensitivity, and Raynaud’s phenomenon. Finally, 60% of patients displayed general
symptoms such fatigue 41.9%, weakness 20.4%, fever 18%, chills 7.5%, and lymph node
enlargement 5%.

Certain studies have also reported cases of SLE [45], acute disseminated encephalomyelitis
(ADEM) [46], and elevations in anti-phospholipid antibodies [47,48] following the
administration of recombinant HBV vaccine.

4.2. Influenza Vaccine

Multiple cases have linked in�luenza vaccinations to autoimmune complications in relation to
the endocrine system. A case study demonstrated a 21-year-old Caucasian male patient who
presented with adrenal crisis one week following the administration of the in�luenza vaccine
alongside diphtheria, tetanus, and acellular pertussis (DTaP) [49]. In addition, Hsiao et al.
reported a case involving a 25-year-old female who developed neck pain and swelling two days
following in�luenza vaccine administration [50]. Fine needle aspiration of the lesion revealed
multinuclear giant granulomas in the thyroid gland. Another case of a 36-year-old female

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9966463/table/medicina-59-00364-t001/
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demonstrated symptoms of tachycardia, anxiety, and tenderness in her neck one month
following the administration of H1N1 in�luenza vaccine [51]. The patient was later diagnosed
with subacute thyroiditis.

Furthermore, numerous studies have linked in�luenza vaccination to Guillain–Barré syndrome
(GBS). For instance, in the 1970s during the in�luenza vaccination program among military
personnel in the US, one case of GBS was described for every 10,000 vaccinated individuals
[52]. Additionally, in a meta-analysis of 39 studies published between 1981 and 2014, an
increased risk of GBS following the administration of in�luenza vaccine was found; this increase
was particularly prominent in patients receiving H1N1 vaccination [53].

Vasculitis has also been linked to in�luenza vaccination in several studies. In an evaluation of 45
reports between 1966 to 2016, Watanbe found that 65 patients developed vasculitis in the
aftermath of in�luenza vaccination [54]. Among the cases, 13 were large vessel vasculitis, 42
were small vessel vasculitis, and 5 were single organ vasculitis. Eight cases of giant cell arteritis
(GCA) were also reported by Soriano et al. [55]. Moreover, Shoenfeld et al. reported 2 cases of
ANCA-associated vasculitis following in�luenza vaccination [8]. The association was further
elaborated in a study that displayed four cases of ANCA-associated vasculitis after in�luenza
vaccinations, these cases included new onset as well as relapses [56].

In�luenza vaccinations have also been associated with APS [47], narcolepsy [57], ADEM
[46,58], Crohn’s disease [59], and transverse myelitis [60].

4.3. Human Papilloma Virus (HPV) Vaccinations

In an analysis of the Vaccine Adverse Event Reporting System (VAERS) database, Geier et al.
demonstrated that individuals who were vaccinated with the GARDASIL quadrivalent HPV
vaccine were associated with gastroenteritis, SLE, alopecia, CNS conditions, and arthritis among
others [61].

HPV vaccination has been associated with menstrual cycle abnormalities and primary ovarian
insuf�iciency (POI). Three unrelated cases of female patients developing menstrual cycle
abnormalities in Austria following HPV vaccine administration were reported [62].
Colafrancesco and colleagues described three cases of secondary amenorrhea after HPV
vaccination; the patients’ symptoms did not improve with administration of hormone
replacement therapy [63].

HPV vaccination has also been associated with SLE [64], and vasculitis [61] including Henoch–
Schoenlein purpura [59].

4.4. COVID-19 Vaccinations

Since the inception of the SARS-CoV-2 pandemic and its initial warnings [65], vaccines have
served as a great factor in curbing the morbidity and mortality of the outbreak. According to
VAERS of US Centers for Disease Control and Prevention, more than 550 million doses of SARS-
CoV-2 vaccinations have been administered [66]. About 0.0042% major adverse events were
reported; these adverse events include severe allergic reactions, thrombotic events,
thrombocytopenia, Guillain–Barré syndrome, myocarditis, and death. Moreover, manifestations
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have also been addressed in autoimmunity-related discussions and seem to increase as
vaccination rates rise [67,68,69]. Upon the evaluation of 276 published cases examining side
effects of COVID-19 vaccinations, Jara and colleagues [70] found the following to be reported:
Guillain–Barré syndrome (151 patients), vaccine-induced thrombotic thrombocytopenia (93
cases), autoimmune liver diseases (8 cases), immune thrombocytopenic purpura (7 cases), IgA
nephropathy (5 cases), Graves’ disease (4 cases), systemic lupus erythematosus (3 cases),
autoimmune polyarthritis (2 cases), and rheumatoid arthritis (2 cases). The side effects
mentioned and reported were mainly related to the mRNA (BNT162b2 or mRNA-1273) and
the adenovirus vector-based vaccine ChAdOx1 [68]. Generally speaking, the side effects were
rare in comparison to the numbers of people vaccinated, and the newly developed and
introduced method, particularly mRNA, has paved the way for safer and more effective
vaccines produced in a very short period of time [71,72].

Studies have also reported ADEM [70,73], type 1 diabetes mellitus [74], vasculitis [75,76], and
autoimmune thyroid complications [77,78,79,80,81,82,83] of COVID-19 vaccinations.

5. Conclusions

Vaccines continue to be absolutely essential in combating infectious diseases, through
preventing their transmission and decreasing their associated morbidity and mortality.
However, it is important to consider the potential of adverse events related to vaccines
particularly those with autoimmune complications especially in genetically predisposed
individuals. The latter would doubtlessly aid in prevention, early diagnosis, and treatment. In
addition, understanding the risks alongside the mechanisms behind ASIA is crucial for
developing vaccines with a safer side effects pro�ile. We view the newer technologies
introduced in the development of COVID-19 vaccines, such as the mRNA mechanism, as a good
example. This approach is highly welcomed for vaccines as the pandemic contributed to their
appearance.
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