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Ynanosuma UsGopror seha ®apmaneyrekor gparynrera Yuusepsurera y Beorpany

Hpeamer: TTpurogop wa ussernraj xomucuje, 6poj 1323/1 ox mana 16.06.2022. rojume, 3a n36op 1
JoneHTa 3a yxy Hayuity obmact Ilarodusmonoruja ma oxeljeno Bpeme ox 5 roamna, 3a paj Ha
Dapmareyrekom (akynrery YHuBep3uTeTa y beorpajty, 360r BHINE HENpPaBHIHOCTH Y IPOLEHH K
BPC/IHOBAMKY KanAnAaTa, kao u 300r noepene llpapminuka o cTHIEBY HCTPAXKUBAYKEX H HAYYHHX
sBatba u3 2020. romume, [lpasminuka o GmokuM yeraoBuMa usbopa y 3Balbe HACTABHHKA HA
®apmareyrckom (axysrrery u IIpaBmiaika o u3nasaukoj nenataoctu Mapmareyrckor dakyirera.

[Tonrrosanu,

[lenehu Tpy) xomHcHje y cacraBibamby H3BeliTaja ToTpebHO je ykaszaTH Ha ciesche
HETPABHIHOCTH:

1) Kopumhen je Ilpapunnux o cTHIamy HCTPasKMBAYKHX M HAayuHHX 3pama u3 2017,
rofumne, a He TpeHyTHO Baxkehu mpasummuk n3 2020. royuHe (y gasbem texery: [IpaBUIHHK).

2) ¥V u3sewnrajy ce maBoju Jia je xamammar ap ci. Ilerap Ilomosuh ayrop 2 Monorpadcke
crymje/mornassea (M13) y kssmsu M11, 1 monorpadexe crymuje/nornanma (M14) y kisuzn M12 1
1 mororpadcere cry)mje/mornasma (M44) y kisusu M41. Ilpema ysuy y wasemene 4 Monorpadeke
CTY/H]¢/IIOTTIaBIba JaCHO ce BUAM Aa Kagauaar jip cil. [Terap Ilonosuh e uenymasa ycrose aa my
c¢ MpH3HAJy KoayTOpCTBa y MoHOTpadekHM cTyaujama/moriasmpumva npema Ipasuannky
(Buyernt nputor Ilpaswnawka - PasspcraBame M HayuH Hasohema HayUHOMCTPAXKHBAYKHX
pesyntara). Kanpupnar np cu. llerap Ilomopuh mu y jemmoj o mapegeHux mMoHorpaexmx
CTYIMja/MOrNIaB/bA MeMa BHINE 01 16 ayTopekux CTpaHMua TeKcera HuTH ojrorapajyhm Gpoj
CIIOBHHX 3HaKoBa (Opoj cTpana je y paciony ox 12-14, a 6poj xoayropa ox 3-8; nakie ayTopcKux
crpanuia o 2 o 4 crpanuie). Illrasuime, y THM MoHOTpadujaMa y JuTEpPaTypH KaHIHIaT Hema
oarosapajyhu 6poj camomurara, HIp. y n0ce6HO MCTAKHYTOM ieily u3 ussemntaja (Popovic PJ,
Matta MM, Ochoa JB. Allergy and immunology. In: Gabrielli A, Layon AJ, Yu M, eds. Civeila,
Taylor, & Kirby's critical care. 4th ed. Philadelphia: Lippincott Williams & Wilkins, 2009:749-
760), mocToju caMo jejlaH camMOIUTAT KOjH HHje u3 Kareropuje M20 Tako ja ce HM Taj caMOLHTaT
npema [IpaBHIIHEKY He MOXE YBaXKHTH, a 1oTpebio je munumym 10/3=3,33, 1j. 3 camorurara.

3) lperxopHo cnomenyra nybnukauuja (Popovic, Matta i Ochoa, 2009) ce y u3Bernrajy
HABOJU Kao IOriaBibe y yuOenuKky H BpenHyje ce ca 20 moeHa, Mako IpeMa IpaBHIMHHIMMA
Yuugepsurera y beorpany, ITpapmiHuKy 0 GIIDKHM ycioBMMa M360pa ¥ 3Barbe HACTABHAKA Ha
PapmaneyrcxkoM dakyirrery u [TpapriHuky o m3nasaukoj aeiarnocta Papmaneyrekor paxynrera
(aman 13) me menymasa ycsiose 3a opakBy Kareropusauujy. Haume, masejena myGimkarnmja
nuje ojo0pena oxtyxom Hacrapno-mayunor Beha kao yuGennk 3a ysky mayuny obaact 3a
KOjy ce KaHAHAAT OMpa, a W He WUCIYmaBa YCIOBE 3a KATETOPHCAIEe Yy MOHOrpadeky
cTyaujy/nornasike. [Tocebno Tpeba HaOMeHYTH Jia Y H3BEIITajy CTOjU 1a je 6poj crpanuia 31, a




sanpaso uma 12 crpanuna (Bugetn y Llpwiory 1). OBa HempaBHANOCT y M3BELITAjy HOBOIH IO
3abyne ga kamaugat ap cil. [lerap TTornosuh uMa Buile oeHa y Tabeln 3a BPCAHOBAMHE HACTABHOD
paza oJl MeHe, IITO je MOIJIO YTHIIATH Ha 3aK/bydaKk KoMHcHje ia kanuugar ap ci. Ilerap Ilonosuh
MMa 3HayajHHje TeIarolIKe U HayuHe Pe3ysTare.

4) Kox xpapTuduKalije HAYIHOUCTPAXKUBAYKHX pe3yiTaTa HIje NPHMEHeHAa KOpeKIja
0o0Ba 3a OHE paJoBe IJIE [I0CTOjH BUIIC o1 ceaam ayropa. [Ipema Ilpasunnuky 6poj noeHa 3a
nay4no ocreapeme ojpehyje ce mo popmyim K/(1+0,2+(n-7)), n>7, axo je BHIIE OJ celaM ayTopa.
Kangunar ap ci. Ilerap [Tonosuh uma 6 pajora u3 xareropuje M20 koju umajy Buiie oJ] 7 ayropa.
HcrnpaBibameM OBE HENPABUIIHOCTH 3HATHO ce cMambyje Opoj noeHa y Tabenn 3a kpaHTHHKALH]Y
HAYYHOUCTPAKHUBATKUX pe3yJITaTa.

5) Kangunary ap ci. Ilerpy llonosuhy je BpemmoBan maructepujym (M72) kojm ce no
mosoM llpapunuuky He Gojyje, jep KamulaTH KOjH 3aBpLIaBajy MHTEIPHCAHE CTYJAH]e MEIHIKMHE
ayTOMaTCKM MMajy €KBHBAICHTHU CTATYC MAarucTpa/macrepa (1ITo je y MOM clydajy 3aHeMapeno y
H3BEIITajy H yKa3yje Ha Pa3iIHIfTe KPUTEPH]yME [IPH BPEJIHOBALY).

6) Kanmumary np cu. Ierpy llonosuhy je Bpeanonana marpaaa Ha koHkypey (M102) koja
ce He BpeJiHyje Ko/1 00JiacTiH MeIHITHICKYX HayKa, Bel caMo Y TeXHHYKO-TEXHOJIOMIKHM HayKaMa.

7) V u3BeinTajy y Tabenn 3a KBaHTHPHKOBAIbE HAYIHONCTPAKUBAUKUX PE3ylITa KOMUCH]A j&
6ojiopasia yyemha u pyxosoljema y OKBHPY HAIHOHAIHUX M MehyHapoIHHUX [IpojeKaTa Hako Ce OBC
akTMUBHOCTH HE 00/1yjy TipeMa llpapunauxy, [IpaBHIHHKY O HaYMHY M ITOCTYIKY CTHLAIbA 3Bamha H
3acHUBAIbA paulor OJHOCA HacTaBHHKA Yuupepsutera y beorpamy u Ilpasuinsuky o Ommxum
ycinoBaMa H300pa y 3Bame Hactanuuka Ha QapMareyTckoM Qaxyrery.

8) ¥V m3pemnrajy ce 3axipyuyje ma je xanjpuar ap cu. [lerap [lonosuh pajuo xao moment y
CAJl, a zanpaBo je Owo amrakoBas Kao Research assistant professor, mTo NpEICTABILA
eKBHBAJICHT 3Baha HAYYHOI CAPA/HHKA, U OINICAa Ce IIPEBACXOJIHO y HAYYHOM Dajly H
MEHTOPCTRY Koje Kamjpjar Hema. Takofje, jieTalbHOM TIPETparoM €NEKTPOHCKHX MEIHja ce He
Mo3ke cTehn yBHjI Y BHJT HACTABE KOjy je KaHauaaT obaB/ba0 TOKOM HaydHOT aHraxosama y CAJl u
na MegunuuckoM (axyiareTy BojHOMeIHIMICKE akajeMuje YHHUBep3uTeTa ondpane y beorpany,
HAaKo je KOMHCHja KoHcTaToBama Jja kaugumarT ap ci. Ilerap ITomouh mma BHIICTOAMINILE
nejaromko uexycrso. CmarpaM ga 61 6110 01 M3y3eTHe BaXKHOCTH NPHKA3ATH AOKYMEHTAL]Y
k0jy je xamjuupar ap cir. Ilerap ITonosuh npegao y Be3n cBOT meJaromKor HEKyCTBa Kako Ou ce
TpaHCIAPEHTHO CTEKAO0 YBHJ y HABOJAC M3 H3BEIITAja MM Ja Ce NMPETKOHKYpPCHA KOMHCH]ja
H3jacHH Ja M je KaHIUAaT IPerao OJUIyKy o u300py y 3Bame JIOLEHTa H aJCKBaTIE A0Kase 3a
y4eCTBOBAILC Y HACTABH Koju cy OojoBanu y Tabeld O Iperiefy BpeaHoBamba HacTaBor pajia
kauaumara ap cil. [lerpa ITonosuha.

9) Ba)kHo je HAOMEHYTH ¥ Ja CC HCTOBPEMEHO He IPENo3Haje MOoje I1e/larolIko HCKYCTBO
(nopex  Bohema pemoBHHX BexOH W cemuHapa Ha upejmermMma  [latodmsuonoruja,
[Tarodusuonoruja 1 u ITarodmiuonoruja 2) y H3BEIITajy, jep CE HE CHOMHE-€ Moja yjora y
kpeupany npeavera IMarodusuonoruja 1 n Ilarodmsunonornja 2 (ysoheme u cuposolherne
XHOpHHE HAcTaBe, KPCHpaIbe cajpikaja Ha ceMuuapuMa u (popyMHMMa, KpeHparhe TECTOBa Ha
pexxdama W online TecTOBA, WTJ) M pe3yJTaTH IPHKA3aHH y OKBUPY yHanpel)erma HacTaBHHYKHX
KOMIIETHI[ja HacTaBHHKa u capajuuka Dapmaneyrckor (axynarera rie je DPUCYCTBOBAlIoO 39
HAacTaBHUKA ¥ capajiuka DakyiITeTa, 3aTHM MOjé BHLIETOJHIIHEE HCKYCTBO Kao JEMOHCTPATOp Iid
Memununckom  (akynrery y bBeorpamy (10 cemecrapa Ha mpeaMeTy Xucrojoruja ca
eMOpHOJIOrHjoM, 5 cemecrapa Ha mpeaMery Xymama TeHeTHKa H 6 ceMecrapa Ha IIpeIMETy
ITatonoruja) m mcKkycTBo y Bofjemy BexOu Ha Macrep cryadjama (llpwiror 2) m MEHTOPCTBY
(ITpusor 3), kao u yuernlie y HacTaBd H JI0/I€Jb€HO MEHTOPCTBO Ha JOKTOPCKMM CTy/Hjama Ha
®akynteTy 3a Qpuznuxy xemujy (IIpumor 2) u yuemfie y HacTaBH Ha JIOKTOPCKMM CTYJHjaMa IIPH
Vuusepsurery y beorpamy (Ilpuwior 4). Takobe, BaxHO je ¥ HaloMEHYTH [Ia M€ KOMMCH]a




HHUjCIHOM HHje KOHTAKTHpaaa y Be3M ca HeJIOyMHIIaMa KOoje Cy HMald y BE3H ca MOjUM
nejaromknM uckycrsoM. l[lociieqnna OBHX HENPABHJIHOCTH Y H3BEHITAJY je cMameH 0Opoj
nocua y Tabesu 3a BPE/IHOBAILE MOT HACTABHOT Paja.

10) V wu3BemTajy ce IoTeHnMpa HMckycTtBo ap ci.  Ilerpa llomommha y
HAYYHOUCTPAKHBAYKOM pajly M H3y4YaBamby pPasIHduTHX MaToPU3MOIOMKUX MeXaHu3amMa H
Oonmecty w 3aipyuyje ce Jia obnact MCTpaxkusama kamjuyarta Jip ci. llerpa llonosuha npunana
yxK0j 001acTH 3a KOjy ce Oupa 3a pa3nIuKy o/ MeHe. 3ampaBo, HAYUHOHCTPAKHBAYKH Pajl YITIaBHOM
npunaja yaoj odsacti u3 umyHomdoruje (M20 paposu: 2, 4-6, 8-18 u goxTopcka maucepTanmja)
ITO CC jacHO BHMJIM W3 camMuX nyOnuKanuja u aHajguze MyOJHKOBAHHX PaAjoBa Y M3BENITA]Y.
Ananmom Mojux mydmmkoBanux pagoma (M20: 1, 5-7, 9, 10, 12, 14, 17-19), noxropcke
JIIcepTantje 1 HHTepHAIMOHAIHe capajiihe Ha npojekty “Teel again” momx pykoBogctBoM mpod. mp
Cranume Pacnonouha (Haromena: y wu3Bemirajy Huje clioMeHyTa mehjyHapojaHa capajma ca
sabopatopujoM 3a HeypouipKerepunr, na Ojiceky 3a 3/paBcTBene Hayke W TexHojorujy, Ha ETX
Hupuxy, npsoruiacupanoM Yuusep3utetry Kontunenranne Esporie na csuM MelhyHapoauM panr
macrama) (Ilpritor 5), MoXe ce 3anaszuTH Jia ce H3yJarajy NaTo(u3HMOJIOIIKE CTPYKTYpPHE H
(pynxumoHamHe npoMene y IEHTPAIHOM HEPBHOM CHCTEMY H IEPeOPOBACKYIAPHHM CY/IO0BHMA.
Takolje, 3aneMapyje ce YMILEHHIIA MTOBOJIOM IPOIICHE HCKYCTBA Yy HAYYHOMCTPAKHBAUKOM pajay Oa
uMam BeJimkn 6poj M20 pasoBa Koje cam Hamucao Kao NPBH ayTop y nocie/mux 9 roguna (15
pajioa y kareropuju M20), pyxosoheme npojexrHum 3aaTkom (HallOMEHA: HHJC CIIOMEHYTO Y
H3BEINTA]Y HMAK0 je TOTBpIAa IIpejaarta), Ho3HABaIbe PA3IHYNTHX KIMHHYKHX TEeXHHKA 3a
nerpakuBame nmaroduznosomxkux mMexanmzama (Hamomena: npejMer natousmoiordja ce
gehnuekn GaBu ernomaroreHe3oM OOJICCTH KOJ XyMaHe IMOIyialdje) H Mo3HABAIE TeXHHKA Y
6asiunnm merpaxuBamuma (Hanomena: kao Jlyroroj[Misy JIEMOHCTPATop 03 XyMane reHeTHKe
capmagao cam texauke PCR, takohe cam yuecTBROBao Ha HAy4HO] pa3MEHH TJE CaM KOPHUCTHO U
ycagpmmo PCR TexHHKY, 3aTHM pajH0 CTYJIEHTCKE pPaJIOBE KOJH CY YKIbYUHBAIM paj c¢a
CKCIEPUMEHTAIINM SKHBOTHIAMA W KyJrypama henuja (npemao  nmotBpay/npenopyky
komucHju ox mpod. ap Bmammvupa Tpajkoumha)). Taxolje, Tpeba HamomMenyTH u Jga je Moja
ayroroauinba MeljyHapaoaHa capajiia pesyliroBaia 1103WBOM Jia OyjieM roctyjyhin ypeaHuk y
vacormcuma Frontiers in Neuroscience (cexuwja: Brain Imaging Methods), Frontiers in Neurology
(cexttuja: Neurological Biomarkers) u Frontiers in Human Neuroscience (cexuuja: Brain Health
and Clinical Neuroscience) 3ajejino ca BojiehuM excriepTraMa u HaydHUITMMa ¥ 0B0j obuiacti (Prof
Dr. Peter J Goadsby (nobwuraux The Brain Prize 2021), Prof. Dr. Cristina Tassorelli (akryeiu
upejicenuk nternational Headache Society) u Prof. Dr, Gianluca Coppola) (IIpumor 6).

Kamga ce cBu oBH mpomycTH y3My y 003Mp J0Jla3d ce JI0 TOra Ja je KOMHCHja JOHCNIa
TEHAELH03aH 3aK/bydak Jia Kanauaar ap cil. llerap IMonosuh wMa Gojse HaydHOHMCTPAXKHBAYKE U
nejlaromke pezyiarare. Haume, KOPEKIHjOM MPETXOMHO HABEJCHHUX HPONYCTa Y KBAHTH(UKAIH]H
pesynrara ykasyjy Jia umam Behe m mayunomcrpakusauke (142,2 macnpam 136,28 noena) u
neaaromxe (25 moena Hacupam 18?) pesyarrare (Hairomena: 3aHeMapeHo je 1a caM yYCCTBOBAO Y
kpeupary Hacrase Ha [latopusnonoruju 1 u [larodusumonoruju 2 mwro je pesynrupaio ca 2 6oja
Marbe y BPEHOBAILY HACTABHOI' pajia; yUecTBOBAO y HacTaBH Ha rpeamery [latodusnooruja mrro
je pesyirrupano ca 1 6omoM Maibe y BPEJIHOBaWkY HACTaBHOI pajia; KAa0 M MOjC YUCCTBOBAILE Y
HACTaBH Ha IpeaMeTuMa HanpeiHa aHanusza Heypopajauosiomkux cHuMaka (1 moen), MarHerHo-
pesonanTHi uMuuuHr (1) 1 Heypobuodusuuke rexnuke (1 noen)). C 003upomM Ha cBE HaBCJEHE
nporryere y H3BeinTajy rnpeiaxkeM Jia Mzdopro selie @apmaneyrckor dakyirera YHUBEp3uTeTa y
beorpany maxJeHBO cariieZia CBE IPONYCTE Yy H3BEINTA]y W NPOIEHH KBasmTere oda KaHuaTa 'y
CKJIaJly ca THM JOHECe OJUTYKY.

Iomrryjyhu kapujepy xammunata ap ci. llerpa llomosuha, ma xpajy 6mx cymmpao jorr
JEJHOM MOje IPEAHOCTH Y OJIHOCY Ha JIPYror KaHurara y Tadenu 1.




TabGena 1. KoMmilapatupHa aHanmza CTpydYHHX, HAYYHHX H IIeJarollKHX pe3yaTaTa KangumaTa ap CIl.
Hropa Ilerpymuha u kanuara ap ci. [lerpa IMorosuha

Jip cir. Urop Herpymuh

np ci. Ilerap [lomoruh

1) 'ojpua unioMupasa

2012. rojmaa

1992, rojimHa

2) llpoceuna orena 9,37 8,46

3) Ilpsu ayrop y M2la wm | 10 2

M21

4) Ilpsu ayrop y M20 & 3

5) Mekyerso Ha npejamery 3a | 3 cemecrpa 0 cemecrapa

Koje ce KaHauaat 6upa

6) VYBoheme, xpeupame Hu
crpoBoleme XuOpujIHE
Hacrase, Kao MW yBoheme
cTyjieHaTa JIEMOHCTpaTopa Ha
npejMeTHMa
[Tatoduzuonoruja 1 wu 2
(PapmareyTexu (axynrert,
Yuusepsurer y beorpajy)

2 cemecTpa

0 cemecrapa

7) Yuemhe y xomucujama 3a | 3 (1 moktopcka aucepranuja u | /
o10pany JIOKTOPCKE | 2 MaTep pajia)
JUICEpTallije H MacTep pajioBa
8) Peuensupame pajgosa y | Frontiers in  Neurology, |/
gaconucuma ca SCI nicre Frontiers in Behavioral
Neuroscience, Journal of
clinical neuroscience, Journal
of pain research, Neuroimage
clinical, The Journal of
Headache and Pain
9) bBpoj pajgoBa u3 | 19 0
kareropuje M21a, M21, M22
u M23 y mocaemmbux 10
roJHHA
10) AkryenHo HayuHo 3Bawe | Hayunu capajHuk Hema
13) Ownena y crynestckoj | 4,69 4,38
AHKETH
Ia (ITpuiior 6) /

14) Tocryjyhu ypeanux y
yaconucy ca SCI mucte

29.06.2022. ronuue, beorpan

Hp cu. Urop lerpyumh

fpz . '
Uiy W%/&%
¥ v




nPHJIOr 1

CHAPTER 50 = ALLERGY AND IMMUNOLOGY

PETAR J. POPOVIC ' BENJAMIN M. MATTA ' JUAN B, OCHOA

OVERVIEW

The modern word immunity is derived from the Latin word
imnunis, which referred to exemption from military services,
tax payments, or other public services. Throughout the medi-
cal history literature, the term immunity referred to those who
were disease free or protected from getting disease. Immunity
as a medical term defines a state of having sufficient biologic
defenses to avoid infectious disease or other unwanted bio-
logic invasion. The collection of tissues, cells, and molecules
responsible for immunity constitute the immune system, and
their coordinated response to the potentially harmful (mostly
foreign) substances is called the immune response.

The main physiologic function of the immune system-—
protection of the host from infection—for many years char-
acterized the immune response in its ability to distinguish be-
tween “foreign™ and “self”—the key issue being that foreign
was to be attacked and eradicated, while self was not to be
attacked. In recent years, however, from the wide range of dis-
cases that are consequent to inappropriate immune functions,
we have learned that the ability of the immune system to distin-
guish between harmfuland harmless molecules or cells—rather
than characterizing the dichotomy as foreign and self—is es-
sential for mounting protective immune responses and prevent-
ing the induction of pathology (Table 50.1). For example, in
addition to infectious diseases that develop when immune cells
fail to recognize and quickly eradicate microorganisms (foreign
and harmful), failure to recognize and eliminate transformed
“self” cells (self, but harmful) might result in tumor growth
and produce an cven more serious clinical condition. On the
other hand, the unwanted response to harmless self-proteins
produces a variety of autoimmune (aitfo meaning directed at
the self) diseases, some of which are severe and life threaten-
ing. Autoimmune discases arc classified as systemic or organ
specific, although there is often a significant overlap between
the two because some diseases that start as organ specific later
affect other organs. Finally, immune response toward foreign
but harmless substances produces a wide variety of clinical syn-
dromes, defined as allergic diseases or allergies. The word al-
lergy is derived from the Greek words allos, meaning different
or changed, and ergos, meaning work or action, and roughly
refers to an “altered or unusual reaction.” Allergy-producing
substances are called allergens. Examples of allergens include
the dust mite, pollens, molds, and foods. It is estimated that
more than 50 million North Americans are affected by aller-
gic conditions, with a cost of more than $10 billion dollars
yearly. Fortunately, in the majority of cases, allergic diseases
are mild in onset and development, and annoying rather than
serious medical conditions. However, sometimes serious and
life-threatening clinical conditions that require immediate med-

ical intervention develop as a result of allergic reactions. Some
of those adverse allergic reactions, such as anaphylactic shock
and severe asthma exacerbation, are elaborated in more detail
in Chapters 60 and 142, respectively. Besides the previously
mentioned, naturally occurring pathology associated with in-
appropriate immune response, additional problems arise with
the development of transplantation medicine. Transplantation
is the process of taking cells, tissues, or organs, termed graft,
from one individual (graft donor) and placing them into a dif-
ferent individual (graft recipient). Although, from our point
of vicw, transplantation is not only harmless but also bene-
ficial and therapeutic, recipient immune cells recognize graft
as foreign and potentially harmful. Unless suppressed, recipi-
ent immune cells respond to foreign molecules within the graft
and induce graft rejection. In clinical practice, it is important
to distinguish immune-mediated graft rejection from graft fail-
ure induced by other causes. On the other hand, transplanted
cells sometimes contain a significant number of donor immune
cells that can respond to recipient tissue and produce a serious
and life-threatening condition, termed graft-versus-host disease
(GVHD).

Immunology as a discipline is the study of immunity at the
level of cellular and molecular events that control homeostasis
and activation ofthe immune system. Inmunology is helping us
to better understand the complex processes involved in the im-
mune reactions and to find a way to more appropriately modu-
late those processes once their malfunction (function) becomes
harmful to the host.

CELLS AND TISSUES OF THE
IMMUNE SYSTEM

There are two basic types of immune reactions: innate and
adaptive (Table 50.2). Innate immunity (also called natural or
native immunity) consists of cellular and biochemical defense
mechanisms that are in place even before encounter with mi-
crobes, and are poised to respond rapidly to infection before
the development of the adaptive immune response. The prin-
cipal components of the innate immunity are (a) physical and
chemical barriers, (b) phagocytes (neutrophils, macrophages)
and NK (natural killer) cells, (¢) the complement system and
acute-phase proteins, and (d) cytokines. In contrast to innate
immunity, the adaptive immune response needs to be stimu-
lated by exposure to infectious agents or molecules, and it
increases in magnitude and defensive capabilities with each
successive exposure to a particular molecule. The defining
characteristics of adaptive immunity are exquisite specificity
for distinct molecules and an ability to “memorize” and re-
spond more vigorously to repeated cxposure. Because of its
specificity for a particular antigen, adaptive immunity is also
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750 Section IV: Essential Physiologic Concerns

CHARACTERISTICS OF ANTIGEN AND IMMUNOPATHOLOGY

Antigen Pathology Immune response Treatment
Foreign Harmful Infections Wanted Stimulation

Harmless Allergies Unwanted Suppression

[Harmless Graft rejection or GVHD Unwanted Suppression
Self Harmful Cancer Wanted Stimulation

Harmless Autoimmunity Unwanted Suppression
GVHD, graft versus host disease.

referred to asspecificimmunity. The main components ofadap-
tive immunity are lymphocytes and their products. Substances
and molecules that induce specific immune responses, or are
the targets of such responses, are termed antigens. There are
two types of adaptive response: Humoral immunity mediated
by antibodies and B lymphocytes and cell-mediated immunity,
which involves T lymphocytes. The cardinal features of adap-
tive immune responses, besides specificity and memory, are (a)
diversity, the ability to respond to a large variety of antigens;
(b) specialization, the optimal response for a particular anti-
gen; (c) self-limitation, allows immune homeostasis; and (d)
self-tolerance, nonreactivity to self. Both innate and adaptive
immune responses can be divided into distinet phases: recog-
nition of antigen, activation, and the effector phase of antigen
elimination, followed by the return to homeostasis; and in the
case of adaptive response, the maintenance of memory (1).
Lymphoid tissues are classified as generative or primary lym-
phoid organs and as peripheral or secondary lymphoid organs.
Primary lymphoid organs are bone marrow, where all lym-
phocytes arise and also where B lymphocytes mature, and the
thymus, where T lymphocytes mature and reach a stage of func-
tional competence. The peripheral lymphoid organs and tissues
include lymph nodes, spleen, and the cutaneous and mucosal
immune system. Specialized microenvironments within pri-
mary immune organs support immune cell growth and matu-
ration, while secondary lymphoid organs are sites in which op-

il
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TYPES OF IMMUNE RESPONSE

timal adaptive immune responses are initiated and developed.
Lymph nodes are sites of immune response to lymph-borne
antigens, and the spleen is the major site of immune response
to bloodborne antigens, Similarly, cutaneous and mucosal im-
mune systems are specialized for the best response to potential
antigens coming through skin and mucosal surfaces, respec-
tively. It is important to mention that, although some cells are
permanently resident in one tissue, lymphocytes continuously
move through the bloodstream and lymphatic system, from one
peripheral (secondary) lymphoid tissue to another. Lymphocyte
recirculation and migration to particular tissues are tightly reg-
ulated and mediated by adhesion molecules, chemokines, and
their receptors, and depend on the cell maturation and acti-
vation stage. The main cells of the immune system involved
in the adaptive immune response are antigen-specific lympho-
cytes, specialized antigen-presenting cells (APCs) that display
antigens and activate lymphocytes, and effector cells that func-
tion to eliminate antigens (microbes). Lymphocytes are the only
cells in the body capable of specifically recognizing and dis-
tinguishing different antigens. Lymphocytes consist of subsets
that are different in their function, but are morphologically in-
distinguishable. Two main subpopulations of lymphocytes are
designated as B and T' lymphocytes, which refer to the organs
in which those cells are found to mature, bursa of Fabricius in
birds (equivalent to bone marrow in mammals) and thymus,
respectively.

Innate

Adaptive

Characteristics

Specificity Pathogen-associated molecular
patterns

Diversity Limited; germline encoded

Memory None

Self-tolerance Yes (innately)

Components
Physical barriers Skin; mucosal epithelia

Chemical barriers Antimicrobial substances

Blood proteins Complement

Cells Phagocytes (macrophages, neutrophils)

and natural killer cells

Antigenic determinants of protein,
microbial and nonmicrobial

Very large; somatic hypermutations of
gene segments

Yes

Yes (acquired)

None

None

Antibodies

Lymphocytes (B and T cells)




B lymphocytes are the only cells capable of producing an-
tibodies. They recognize extracellular (soluble or cell surface)
antigens and differentiate into antibody-secreting cells, thus
functioning as the mediators of humoral immunity. T lympho-
cytes, the mediators of cellular immunity, consist of function-
ally distinct populations, the best defined of which are helper
T cells, cytolytic or eptotoxic T cells (CTLs), and regulatory
T cells. NK cells are the third population of lymphocytes with
receptors different from those of Band T cells and with major
function involving innate immunity (2),

In modern times, the use of monoclonal antibodies has al-
lowed us to define unique surface proteins, which are present
only in that particular cell population and have been used as
their characteristic identification marker. The standard nomen-
clature for these proteins is the CD (cluster of differentiation)
numerical designation that currently consists of 350 different
molecules. The majority of characterized molecules, however,
are present on more than one cell population, where their pres-
ence defines maturation stage or particular effector function.
The classification of lymphocytes by CD antigen expression
is now widely used in clinical medicine and experimental imn-
munology. Accordingto the CD classification, helper T cells are
defined as CD3" and CD4"; most CTLs are CD3" and CD8",
while regulatory T cells are a subgroup of helper cells with an
additional low expression of the CD25 activation marker—the
@-chain ofthe surface receptor for interleukin-2 (IL-2Ra)—and
are defined as CD3*, CD4", and CD25"%. B cells are character-
ized with the expression of CD19, while NK cells express the
CD56 molecule,

APCs are a cell population that are specialized to capture
microbial and other antigens, display them to lymphocytes, and
provide signals that stimulate the proliferation and differenti-
ation of lymphocytes. The major type of APCs is the dendritic
cell, which is found under epithelia and in most organs, where
it is poised to capture antigens and transport them to peripheral
lymphoid organs. There are two major subtypes of dendritic
cells: myeloid and plasmacytoid. Dendritic cells are the most
potent APCs capable of stimulating “naive” T cells as they en-
counter antigens for the first time. Mature mononuclear phago-
cytes, tissue macrophages, also function as APCs in a T cell-
mediated, adaptive immune response. Macrophages that have
ingested microbes may activate “naive” T cells, while, in turn,
effector T cells may stimulate the macrophages to more effi-
ciently kill ingested pathogens. Follicular dendritic cells (FDCs)
are cells present in the lymphoid tissue that trap antigens in the
complex with antibodies or complement products and display
those antigens for recognition by B lymphocytes.

After being stimulated by APCs, lymphocytes differentiate
into effector cells. Differentiated effector helper T cells secrete
cytokines and interact with and activate macrophages and B
lymphocytes. Effector CTLs develop granules containing pro-
teins that kill virus-infected and transformed host (tumor) cells.
B-cells differentiate into plasma cells that actively synthesize
and secrete antibodies. Some antigen-stimulated B and T lym-
phocytes differentiate into memory cells whose function is to
mediate rapid and enhanced responses to second and subse-
quent exposures to antigens (1,2).

Cytokines are proteins secreted by the cells of innate and
adaptive immunity that mediate many of the functions of those
cells. Cytokines are produced in response to microbes and other
antigens, and different cytokines stimulate diverse responses
of cells involved in immunity and inflammation. In the activa-
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tion phase of the adaptive immune response, cytokines stim-
ulate growth and differentiation of lymphocytes; in the effec-
tor phase, they activate different cells to eliminate microbes
and other antigens. Based on their principal biologic action,
cytokines might be classified into three main functional cat-
egories: those that mediate innate immunity (IL-1, IL-6, and
tumor necrosis factor [TNF]-u), those that regulate adaptive
immunity (IL-2, [L-4, IL-5, and interferon [IFN]-y ), and those
that stimulate hematopoiesis (IL-3, IL-7, and some growth fac-
tors). Although different cells produce cytokines of innate and
adaptive immunity, and those cytokines act on different target
cells, this distinction is not absolute because cytokines pro-
duced during such reactions often have overlapping action (IL-
10 and IL-12). Additionally, cytokine signals from multiple im-
mune cells tightly regulate antigen-processing and clearance
responses (3).

ANTIGEN RECOGNITION
AND PROCESSING

Antigen recognition is the first phase ofthe adaptive immunere-
sponse. Antibodies, major histocompatibility complex (MHC),
and T-cell antigen receptors (TCRs) are the three classes of
molecules used in adaptive immunity to recognize antigens.
Antibodies produced in a membrane-attached form function
as B-cell receptors for antigen recognition. The interaction of
antigen with membrane antibodies initiates B-cell activation
and, thus, constitutes the recognition phase of the humoral im-
mune response. B-lymphocyte differentiation, upon activation,
procceds along two pathways: one that requires stimulation
by helper T lymphocytes, the T cell-dependent pathway, or
the T cell-independent pathway. The antigens recognized by
B cells may be in their native, nondegraded form and not re-
quire prior processing of the antigen by other immune system
cells. In order to get help from T cells, however, B cells need to
internalize the membrane antibody—antigen complex, degrade
protein, and display it back on the cell surface membrane in
complex with the class I MHC molecule. As explained below,
T cells can recognize antigens only if they are processed and
presented on the membrane surface of APCs in complex with
the MHC molecules. Antibodies are also produced in a secreted
form by activated B cells. In the effector phase of the humoral
immune response, secreted antibody binds to antigens and trig-
gers several effector mechanisms that eliminate the antigens.
Although of the same antigen specificity, membrane-bound an-
tibodies are involved in antigen recognition and B-cell activa-
tion, while secreted antibodies are responsible for triggering
the effector phase of the humoral immune response and anti-
gen clearance. It is essential to know that specificity and effector
functions of antibodies depend on their basic structure. An an-
tibody molecule has a symmetric core structure composed of
two identical light chains and two identical heavy chains. Both
heavy chains and light chains consist of amino terminal vari-
able (V) regions and carboxyl terminal constant (C) regions,
While light- and heavy-chain amino terminal variable regions
together participate in antigen recognition, only the constant
regions of the heavy chains are involved in antibody effector
functions (1,2).

In contrast to B cells and their secreted antibodies that can
recognize soluble as well as cell-associated antigens in their
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native form, T cells can only recognize antigens that are dis-
played on other cell surfaces and are degraded into frag-
ments by the body’s various APCs. The task of displaying cell-
associated antigens for recognition by T cells is performed by
specialized proteins that are encoded by genes in a locus called
the major histocompatibility complex. MHC molecules are in-
tegral components of the ligands that most T cells recognize,
because the antigen receptors of T cells are actually specific
for the complex of (foreign) peptide antigens and (self) MHC
molecules. MHC molecules are found on immune and nonim-
mune cells. There are two main types of MHC gene products:
class | and class II MHC molecules, which sample different
pools of protein antigens, cytosolic or intracellular antigensand
extracellular antigens that have been endocytosed, respectively.
MHC class [ molecules are present on virtually all nucleated
cells where they display antigens to be recognized by CD8*
cytotoxic T lymphocytes. MHC class Il molecules are found
primarily on APCs and primarily activate CD4™ helper T cells.
Once an antigen enters an APC, it is degraded to its peptide
fragments. These antigen fragmentsare then integrated with the
MHC molecule and transported to the cell membrane, where
they are exposed to neighboring cells within a complex that in-
cludes either class [ or class [l MHC molecules. T lymphocytes
subsequently recognize the MH C—antigen (MHC-Ag) complex
and initiate antigenic response (1,2).

All T lymphocytes recognize an antigen by specific T-cell
receptor (TCR) molecules expressed on their cell membrane.
These TCR molecules function similarly to a lock and key with
the MHC-Ag complex. It is important to understand that only
a few T lymphocytes constituting one T-cell clone are specific
for one particular antigen. In addition to T-cell receptor bind-
ing to the MHC-Ag complex, multiple membrane receptors
are used in APC-T-cell interaction. During the infection-free
time, however, cells still express MHC-Ag complexes contain-
ing self-antigens that should not provoke an immune response
under normal conditions because potentially harmful lympho-
cytes that might be activated by regular self-antigens are elim-
inated during their maturation process within the thymus or
bone marrow. Unfortunately, not all self-antigens are presented
during lymphocyte maturation, and some might be exposed
later during their lifespan. Exposure of those “hidden” self-
antigens could initiate an unwanted immune response toward
self-molecules, resulting in the development of an autoimmune
disease (1).

In contrast to approprialely processed antigens that stim-
ulate a limited number of T cells (one clone) bearing the
same TCR (approximately one in a million circulating T cells),
some bacterial proteins and toxins are able to stimulate T
cells without first undergoing endocytosis and degradation.
Those molecules, characterized as superantigens, can simul-
taneously stimulate T cells with different antigen specificity,
and subsequently induce polyclonal activation with the exten-
sive systemic release of cytokines. The stimulatory effect of
superantigens is a consequence of direct binding to the class
Il MHC on APCs and the non-antigen-specific part of TCR
on T cells, thus being able to activate 2% to 20% of all T
cells. The massive T-cell activation results in the release of large
amounts of inflammatory cytokines that induce T-cell anergy
or death (apoptosis), which severely disturbs the ability of the
immune system to respond appropriately to infection. Asa con-
sequence of the systemic effects of released cytokines, infected
patients may develop toxic shock syndrome. Systemic effects

include fever, endothelial damage, profound hypertension, dis-
seminated intravascular coagulation, and multiorgan failure

4).

ANTIGEN CLEARANCE AND
INFLAMMATION: IMMUNE
EFFECTOR FUNCTIONS

Once the immune system recognizes an antigen, inflammation
and clearance processes are initiated. Activation and the el-
fector phase of the adaptive immune response are intended to
eliminate antigen in the most appropriate and efficient way.
For example, one set of components of the immune system
is activated in response to the extracellular antigen (antibod-
ies and helper T cells), while others are more effective in the
climination of the intracellular antigen (CTLs and NK cells).
Regardless of the type of antigen, processes involved in the ac-
tivation and effector phase of immune response induce changes
in the surrounding tissue, defined as inflammation. The anti-
gen clearance process is enhanced within inflamed tissues by
increased vascular flow, altered vascular permeability, and the
recruitment of immune cells. Those changes also produce four
cardinal clinical signs of inflammation or ongoing immune re-
sponse: (a) warmness (calor), (b) redness (rubor), (¢) swelling
(tumor), and (d) pain (dolor), often accompanied by malfunc-
tion of the involved organ (functio laesa).

Several physiologic mechanisms are involved in circu-
lating inflammatory cell adhesion to vascular endothelium
and subsequent diapedesis. Multiple adhesion molecules are
present on both circulating inflammatory cells (L-selectin, LFA-
1, and MAC-1) and endothelial cells (P-selectin, E-selectin,
ICAM-1, and ICAM-2 molecules) after stimulation. Expres-
sion and function of these molecules is modulated by “early
response” cytokines (TNF-o and [L-1) secreted by activated
tissue macrophages and other APCs. Additionally, IL-8 pro-
duction by endothelial cells and tissue fibroblasts is a major
component of the chemotactic gradient facilitating neutrophil
migration across the endothelial surface. Neutrophils are capa-
ble of direct recognition and phagocytosis of circulating anti-
gens. After neutrophil phagocytosis, enzyme-laden lysosomes
fuse with the antigen-containing phagosome, digesting and de-
stroying the antigen. Neutrophils possess receptors for the Fc
portion of immunoglobulins as well as receptors for comple-
ment components. Thus, opsonization or coating ofantigens by
immunoglobulins and complement markedly enhances phago-
cytic capability and antigen elimination (5).

The predominant mechanism for adequate reaction to, and
rapid clearance of, extracellular antigen involves antibodies
or immunoglobulins. Antibodies possess unique antigen speci-
ficity, thereby narrowing the inflammatory response to the
specific antigenic target. Antibodies circulating in the blood-
stream or interstitial fluid promptly recognize, and bind to,
an antigen; but because antibodies do not directly perform
any effector function, the elimination of antigen requires in-
teraction of antibody with the components of innate inmunity
such as complement proteins or phagocytes and eosinophils.
Antibody-mediated effector functions include neutralization of
microbes or toxic microbial products, activation of the comple-
ment system, opsonization (coating) of antigens for enhanced
phagocytosis, antibody-dependent cell-mediated cytotoxicity




(ADCC), and immediate hypersensitivity in which antibodies
trigger mast cell activation.

Antibody molecules or immunoglobulins (Ig) can be di-
vided into distinct classes and subclasses on the basis of dif-
ferences in the structure (heavy chain), tissue and biologic
fluid distribution, and functional capability. In order from the
highest to the lowest serum concentration, those classes of
antibody molecules (also referred to as isotypes) are desig-
nated as IgG, IgA, IgM, IgD, and IgE. It is important to note
that different classes of antibodies perform different effector
functions. Among the most notable functions of immunoglob-
ulins are opsonization and the capacity to activate comple-
ment. IgG, IgM, and IgA are crucial to normal opsoniza-
tion functions. Opsonization by IgG and IgM expedites the
clearance of circulating antigens, whereas the secretion of 1gA
onto mucosal surfaces facilitates the clearance of invaders by
mucosal surface macrophages and neutrophils. Because of its
larger size, the function of [gM is confined primarily to the
intravascular clearance of antigens, whereas IgG readily dif-
fuses into the extravascular space. After being coupled with
an antigen, antigen-antibody complexes—also termed immune
complexes—are normally cleared by phagocytic and red blood
cells. The clearance of immune complexes from the circula-
tion is dependent on effective opsonization, binding of the im-
mune complex—bound C3b fragment to CR1 on erythrocytes,
and subsequent transport to the liver and spleen (6). IgD is
primarily found on the surface of naive B cells where it func-
tions as the receptor for antigen recognition. Although a little
amount of IgD is also secreted, it is believed that IgD does
not perform any physiologic immune function. In contrast to
other immunoglobulin classes, once seercted, IgE is present free
in the serum for a very short time, since it binds rapidly to
the specific receptor on basophils, cosinophils, and mast cells.
Antigen activation of cell-bound IgE results in the immediate
release of various mediators, including histamine, serotonin,
and leukotrienes. Although IgE is commonly connected to the
allergic reactions, the physiologic function of IgE seems to be
an immediate response to antigen and the induction of vascular
dilation, increased vascular permeability, and the recruitment
of immune cells. An important immune function of IgE is also
to protect the host against parasites.

The complement system is capable of generating a broad se-
ries of inflammatory actions associated with antigen clearance,
These actions include lysis of cells bearing antigen—antibody
complexes, opsonization of antigens, chemotaxis of inflamma-
tory cells, and generation of anaphylactic reactions. Comple-
ment activation may be accomplished by either the classic path-
way, initiated by antigen-antibody complexes, or the alternate
route initiated by antigenic protein aggregates, endotoxin, or
insoluble compounds with certain surface characteristics. With
sequential proteolysis of complement substrates, various com-
plement fragments with neutrophil and eosinophil chemotactic
properties, as well as vasodilatory effects, are generated that
produce the previously mentioned cardinal signs of inflamma-
tion (7).

The major cells involved in antigen clearance include APCs
and lymphocytes, neutrophils, and various organ-specific struc-
tural cells or tissue macrophages. Although many antigens may
be destroyed within mononuclear phagocytic cells by intracel-
lular enzymes, some antigens may become sheltered within the
cells. Elimination of these antigens requires additional activa-
tion from helper T cells, which predominates in the case of bac-
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terial infection. In general, the helper population of T lympho-
cytes (CD4% ) supports the function of mononuclear phagocytic
cells and enhances antibody production by the B-lymphocyte
population, thus supporting the clearance of extracellular anti-
gens. Activated T cells increase the secretion of eytokines that
are crucial for regulation of the immune response. On the ba-
sis of the pattern of cytokines secreted, CD4* lymphocytes are
subdivided into two major classes: Th1 or Th2, The Th2 group
of CD4" cells secretes cytokines, such as IL-4 and IL-10, that
stimulate secretion of antibodies but partially suppress the cel-
lular immune response and initiate the healing process. The
cytokines secreted by the Thl group of CD4" cells, including
IL-2 and IFN-y, are potent stimulants of the cell-mediated im-
mune response. The systemic predominance of CD4* cell stim-
ulation with either the Thl or Th2 cytokine pattern has been
associated with altered resistance to certain infections (8).

The CD8" population of T lymphocytes (CTLs) functions
to destroy cells sheltering an antigen presented within a class
[ MHC complex, and is involved in the clearance of intra-
cellular antigens, Lysis of the infected cell by CTLs, however,
dominates during viral infections. Besides the important role
of the T lymphocyte in clearing microbial pathogens, those
cells are crucial for the recognition and elimination of self-
transformed tumor cells. As a part of tumor cell growth, new
antigens arise, which are presented on the cell surface in the
complex with class | MHC molecules. As those antigens are
new or changed self-antigens, CTLs cells might recognize them
and induce tumor cell lysis. The CTL response refers primar-
ily to cell killing by cytotoxic CD8" lymphocytes. After ex-
posure to processed antigen, and under the influence of the
lymphokines IL-2 and IFN-y, activated CD8" cells proliferate,
synthesize, and secrete membrane attack molecules, which re-
sults in lysis of the antigen-bearing cell. Similar to the cell lysis
by CTLs, natural killer cells lyse neighboring cells by secreting
membrane attack molecules (perforin and granzymes). Unlike
the CTL response, the natural killer cell lysis of antigen-bearing
cells does not seem to be antigen specific. Killer lymphocytes,
the third major cytolytic cell population, are coated with sur-
face receptors for antibodies. Killer lymphocytes may localize
to antigen—antibody-coated cells, where they release their cyto-
toxic granules. Antibody recognition is crucial to this system,
and killer lymphocyte function seems to be a component of
antibody-dependent cytotoxicity. Natural killer cells and killer
lymphocytes can be activated and made to proliferate in vitro
under the influence of cytokines. These lymphokine-activated
killer (LAK) cells may be reinfused into the body and have been
investigated as cancer immunotherapy (8,9).

In addition to the primary immunc APCs or professional
APCs, structural cells, such as those of the endothelium, epithe-
lium, and connective tissue, are also important to an effective
immune response. Not only are these cells capable of secreting
cytokines and inflammatory mediators, but after stimulation,
they also express class [l MHC molecules and may function in
antigen presentation to T lymphocytes. Those cells are termed
nonprofessional A PCs, and their activation by particular cy-
tokines (IFN-y ) may underlie the organ dysfunction associated
with chronic immune stimulation and inflammation (1).

The release of multiple inflammatory mediators from mi-
grating leukocytes—proteases, oxygen radicals, leukotrienes,
platelet-activating factor—expands the local inflammatory
process. Conversely, several cytokines and soluble cytokine
receptors are normally present to down-regulate or limit the
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inflammatory response. Among these “anti-inflammatory™ fac-
tors are [L-4, IL-10, IL-13, transforming growth factor (TGF)-
f}, and TL-1 receptor antagonist. Cytokines released into the
systemic circulation as a consequence of either localized or sys-
temic inflammation have been directly implicated in the patho-
physiologic mechanisms of the organ dysfunction associated
with major trauma, sepsis, and burns. If high plasma concen-
trations are achieved, IL-1, TNF-o, and IL-6 have been shown
to have profound cffects on body metabolism and are capable
of inducing hypotension, fever, and cachexia. Their functions
have been implicated in the manifestations of septic shock, and
their concentration correlates with mortality. In response to
TNF-u, nitric oxide is produced by endothelial cells and, along
with the other mediators, promotes smooth muscle relaxation
and vasodilation. Whether these cytokines and mediators are
the primary pathogenetic mediators for the shock syndrome or
are markers for systemic inflammation is unclear (10).

Adequate response to the antigen, and successful and fast
antigen elimination, results in the development of signs and
symptoms defined as acute inflammation. In contrast, failure
of immune cells to appropriately respond and eliminate anti-
gen might result in the long-term stimulation of immune re-
action and the development of chronic inflammation. Chronic
inflammation is characteristic of most autoimmune diseases in
which unwanted, rather than inappropriate, response toward
self-antigens induces pathology.

HYPERSENSITIVITY REACTIONS

Adaptive immunity serves the important function of host de-
fense against microbial infections, but immunc responses are
also capable of causing tissue injury and disease. Disorders
caused by immune responses are termed fypersensitivity dis-
eases (Table 50.3). This term arose from the clinical definition
of immunity as “sensitivity,” which is based on observations
that an individual who has been exposed to an antigen exhibits
a detectable reaction or is “sensitive” to subsequent encounters
with the antigen. A common cause of hypersensitivity diseases

TYPES OF PATHOLOGIC IMMUNE REACTIONS

is failure of self-tolerance, which, under physiologic conditions,
ensures that the individual’s immune system does not respond
to his or her own antigens. Hypersensitivity diseases also re-
sult from uncontrolled or excessive responses against foreign
antigens, such as microbes and noninfectious environmental
antigens (11).

Hypersensitivity diseases represent a clinically heteroge-
neous group of disorders. The two principal factors that de-
termine the clinical and pathologic manifestations of such dis-
eases are Lthe type of immune response that causes tissue injury,
and the nature and location of antigen that is the target of
this response. According to the nature of the immune response
and the effector mechanisms responsible for cell and tissue in-
jury, hypersensitivity diseases are commonly classified into four
main types.

Type | hypersensitivity reaction, also called immediate hyper-
sensitivity, is the most prevalent type of hypersensitivity dis-
cases, IgE antibodics that are bound to mast cells, basophils,
and cosinophils cause immediate hypersensitivity. When cell-
associated IgE antibodies are cross-linked by the antigen, the
cells are activated Lo rapidly release a variety of mediators.
These mediators collectively cause increased vascular perme-
ability, vasodilation, bronchial and visceral smooth muscle
contraction, and local inflammation. Under normal condi-
tions, this type of response is first triggered by antigen, but
is short lived and beneficial for antigen clearance. In clini-
cal medicine, these reactions are commonly referred to as al-
lergy or atopy, and are the most common disorders of immu-
nity that affect 20% of all individuals in the United States.
The most common forms of atopic disease are allergic rhini-
tis (hay fever), bronchial asthma, atopic dermatitis (eczema),
and food allergies. Immediate systemic hypersensitivity, char-
acterized by edema in many tissues and fall in blood pressure
secondary to vasodilation, is termed anaphylaxis, and may be
fatal.

Type Effectors

Mechanism injury

Diseases

Type I, immediate IgE antibodies, Mast cells

hypersensitivity

Antibodies to single cell’s
antigens

Antibodies to tissue antigens

Type II, antibody mediated

Antibodies to hormones or
receptors
Type III, immune complex Antibody—antigen complexes
mediated

Type IV, T-cell mediated CD4" helper T cells

CD8' cytotoxic T cells

Cell degranulation and mediator

Hay fever, asthma, anaphylaxis
release

Ancmia, thrombocytopenia,

Complement-dependent lysis
and phagocytosis of cclls

Enzyme release from activated
leukocytes

Function inhibition or activation

Immune complex—mediated
leukocyte activation

Macrophage activation and
inflammation
Target cell lysis

agranulocytosis
Goodpasture disease, blistering
skin diseases
Diabetes, hyperthyroidism,
myasthenia gravis

Glomerulonephritis, vasculitis,
SLE, scrum sickness

Diabetes, multiple sclerosis, RA

Acute hepatitis, gralt rejection

SLE, systemic lupus erythematosus; RA, rheumatoid arthritis.




Typ ei 1I

Antibodies other than IgE can cause tissue injury by recruiting
and activating inflammatory cells. Diseases induced by such
antibodics are identified as type Il hypersensitivity reactions.
Those antibodies are specific for antigens of particular cells or
the extracellular matrix, and are found attached to these cells
or tissue. Antibodies against tissue antigens cause disease by
three main mechanisms:

L. First, antibodies against antigens on circulating cells pro-
mote complement activation and cell lysis or phagocytosis.
Those antibodies might promote development of anemia,
thrombocytopenia, and/or agranulocytosis,

2. Second, antibodics deposited in the tissue recruit neutrophils
and macrophages. As phagocytosis is not possible, those
cells release their products and induce tissue injury. This is
the case with blistering skin diseases, vasculitis, and some
forms of glomerulonephritis.

3. Third, some antibodies to a hormone, hormone receptors,
blood-clotting factors, growth factors, an enzyme, or a drug
might cause disease or treatment failure by inactivating or
activating vital biologic function of these molecules without
inducing any inflammation and tissue damage. Diseases me-
diated by this mechanism are myasthenia gravis, hyperthy-
roidism (Graves disease), diabetes, and myeloblastic anemia.

Type III

Immune complex disease or type Il hypersensitivity is caused
by antibody-antigen complexes formed in tissues. In certain
disease states, immune complexes may freely circulate or be
deposited within tissues, stimulating inflammatory reactions
throughout the body. Immune complexes easily activate and
complement neutrophils that cause tissue injury. In contrast to
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the type II diseases, type 1T hypersensitivity diseases are often
systemic, such as serum sickness and systemic lupus erythe-
matosus (SLE).

Type IV

Finally, tissue injury may be due to T lymphocytes that acti-
vate the effector mechanisms of delayed-type hypersensitivity
(DTH) or directly kill target cells. Such conditions are type
IV hypersensitivity disorders. In those diseases, tissue injury
results from the products of activated macrophages, such as
hydrolytic enzymes, reactive oxygen spceeics, nitric oxide, and
proinflammatory cytokines. Many organ-specific autoimmune
diseases are caused by hypersensitivity reactions induced by
T cells, such as insulin-dependent diabetes mellitus, multiple
sclerosis, rheumatoid arthritis, contact sensitivity, and inflam-
matory bowel diseases (IBDs) (11).

IMMUNE DEFECTS AND
CRITICAL ILLNESS

In contrast to the hypersensitivity reactions, many life-
threatening diseases represent the consequences of immune sys-
tem defects or deficiencies. Recurrent or unusual infections,
increased susceptibility to tumors, and delayed healing charac-
terize patients with immune system disorders. Although many
immune system diseases overlap in immunopathogenesis, most
may be classified on the basis of the predominant immune de-
fect, be that defect congenital or acquired (Tables 50.4A and
B). Additionally, many other chronic illnesses might be associ-
ated with subtle immunologic abnormalities, potentially con-
tributing to clinical disease. Immune system disorders may be
grouped into disorders of humoral immunity (Table 50.4A),
cell-mediated immunity (Table 50.4B), and phagocytic cell
function.

IMMUNODEFICIENCY SYNDROMES: ANTIBODY AND COMPLEMENT

Defect Etiology

Consequence

IgG deficiency Acquired, common variable

Complement receptor deficiency Congenital or acquired

Alternate complement pathway
defects

hypogammaglobulinemia; congenital,

X-linked or associated with ataxia sp.
telangiectasia
IgA deficiency Thought to occur primarily as a congenital Recurrent sinopulmonary infections, especially
abnormality with S. pneumoniae
Early complement component Congenital Predisposition to autoimmune disease (e.g.,
(C2-C4) deficiencies SLE), increased risk for inlections
Late complement component Congenital [nereased risk for infections, especially with
(C5-C8) deficiencies Neisseria
C1 inhibitor deficiency Primarily congenital, rarely acquired Angioedema, abdominal distress, upper airway
obstruction

Associated with sickle cell discase

Recurrent infections, especially with
Streptococcus pnewmoniae and Haemophilus

Predisposition to autoimmune discase

Increased risk for infections, especially with
§. pneumoniae

SLE, systemic lupus erythematosus




IMMUNODEFICIENCY SYNDROMES: CELL MEDIATED

Defect

Etiology

Consequence

T-lymphocyte defects

Chronic granulomatous
disease

Neutropenia

Leukocyte adhesion
deficiency

Chediak-H igashi

AIDS, lymphoma, iatrogenic (especially
glucocorticeid therapy and immunosuppressants
used in solid organ transplantation)

Abnormal neutrophil oxidative metabolism,
ineffective microbicidal activity, congenital

Most commonly iatrogenic (cytotoxic
chemotherapy)

Congenital absence of leukocyte adhesion
molecules (LFA, M AC-1, selectins)

Congenitally abnormal neutrophil chemotaxis and

Infection with opportunistic pathogens,
Preumocystis jirovecii, CMV, herpes simplex,
Cryptococcus neoformans, and Legionella

Recurrent bacterial and fungal infections;
pyogenic infection of the skin, lymph nodes,
liver, and lungs

Bacterial and fungal infections

Recurrent skin, soft tissue, and lung infections;
persistently elevated peripheral leukocyte
counts

Associated with albinism and photophobia;

syndrome

Job syndrome
delayed catabolism of IgE

degranulation, decreased microbicidal capacity
Congenitally abnormal neutrophil chemotaxis,

recurrent infections

Elevated scrum IgE; sinusitis; otitis media;
eczema; recurrent skin and soft tissue
infections, with Staphylococcus aureus

AIDS, acquired immunodeficiency syndrome; CMV, cytomegalovirus.

Defects of the complement system include deficiencies
of individual complement component proteins, regulatory
proteins, or complement receptors. Complement component
deficiencies may be broadly grouped into early (C1-C4) or late
component (C5-C8) deficiencies. A predisposition to Strep-
tococeus pneumoniae and Haemophilus influenzae infections
has been observed in patients deficient in early complement
components, Neisseria meningitidis infections have been recog-
nized as sequelae of late-component deficiencies. In contrast to
patients with late-component deficiencies, patients with early-
component deficiencies possess a uniquely higher incidence of
autoimmune disease, especially SLE. In these patients, it has
been suggested that the complement deficiency impairs effec-
tive clearance of circulating immune complexes, predisposing
to autoimmune diseases. The consumption of complement in
sepsis and septic shock has been clearly demonstrated. Whether
complement activation is pathogenic or physiologic in septic
shock remains unclear. Both the alternate and classic pathways
of complement activation have been shown to be activated in
septic shock, potentially related to a sepsis-induced inactivation
of Cl inhibitors (12).

The most clinically significant complement regulatory pro-
tein deficiency is loss of C1 inhibitor activity. This nonspecific
esterase inhibitor is strategic in controlling the classic com-
plement cascade and inhibiting the action of several clotting
factors. Although acquired forms of C1 inhibitor deficiency
have been described, the autosomally dominant genetic defect
is the most common. In patients with hereditary angioedema,
trauma or stress may precipitate uncontrolled activation of the
complement system, culminating in a systemic angioedema—
nonpruritic limb edema, gastrointestinal disturbances, and up-
per airway obstruction. Unlike the angioedema associated with
anaphylaxis, the angioedema associated with C1 inhibitor de-
ficiency is much less responsive to epinephrine and glucocorti-
coids. In addition to subcutaneous or inhaled epinephrine, the
management of acute angioedema may include the use of fresh

frozen plasma or, when available, purified C1 inhibitor replace-
ment, As maintenance therapy, androgens such as danazol or
stanozolol offer effective therapy and are usually effective in
increasing the levels of serum C1 inhibitor, C1 inhibitor de-
ficiency is characterized by deficient C1 functional activity in
serum, along with low levels of C2 and C4, especially dur-
ing acute episodes. Notably, the serum level of C3 or total
hemolytic complement activity is commonly normal. Few pa-
tients deficient in complement receptors have been described.
The lack of cell surface complement receptors results in poor
clearance of immune complexes. The elevated level of circulat-
ing immune complexes is thought to underlie the high preva-
lence of SLE in these patients (12).

Abnormalities of immunoglobulin production manifest
most commonly as deficiencies, although the excessive produc-
tion of immunoglobulins occasionally results in severe seque-
lae, as may occur in Waldenstrom macroglobulinemia. Infec-
tious consequences of immunoglobulin deficiency result from
most forms of immunoglobulin deficiency. The most common
adult type of primary immunoglobulin deficiency is a selec-
tive deficiency of IgA. Although IgA deficiency has been as-
sociated with recurrent sinopulmonary infections and with
Giardia intestinal infections, many of these patients remain
asymptomatic. The clinical consequences of hypogammaglob-
ulinemia are more frequent in patients with the heterogeneous
disorders that compose common variable hypogammaglobu-
linemia. Common variable hypogammaglobulinemia includes
a group of disorders characterized by low or absent serum
immunoglobulin levels and an enhanced risk for bacterial
infections, especially sinopulmonary infections. Because the
infections are usually recurrent and generally responsive to
treatment, these patients may present in adulthood with
bronchiectasis and lung destruction. Infections with encap-
sulated bacteria, such as Haemophilus and Streptococcus,
are especially prevalent. The most frequently diagnosed im-
munoglobulin deficiency pattern in these patients is a decrease




in all classes of immunoglobulins. Prophylactic therapy with
y -globulin has proven to be effective in preventing infections
(7,13).

Among the many disorders associated with elevated serum
concentrations of immunoglobulins, diseases associated with
excessive IgM production are especially notable for acute clin-
ical sequelae. Because of their size and structure, IgM globu-
lins possess unique properties, including cold insolubility (cryo-
globulins) and the potential to greatly increase blood viscosity.
Excessive IgM production may result from a clearly benign re-
sponse to mycoplasma and viral infections, or a neoplastic-like
B-lymphocyte response (Waldenstrom macroglobulinemia).
The cold agglutinin response to infections rarely results in
more than a mild hemolytic anemia, but the IgM levels associ-
ated with Waldenstrom macroglobulinemia may produce life-
threatening consequences. Viscosity-related sequelae include
confusion, coma, visual impairment, and congestive heart fail-
ure. Plasmapheresis to lower the serum IgM level is effective
therapy for these acute complications (7,13).

A normal antibody immune response to foreign material
may occasionally result in dramatic clinical symptomatology.
Especially notable examples are serum sickness and leukoag-
glutinin reactions. Serum sickness is characterized by the for-
mation of circulating antigen—antibody complexes 7 to 10
days after injection of an antigenic protein into the body.
With systemic deposition of the immune complexes, comple-
ment is activated and edema, rash, arthralgia, and fever result.
The most common cases of serum sickness follow treatment
with antithymocyte globulin (equine or rabbit origin) or snake
antivenom (equine origin). Glucocorticoid therapy is usually
indicated for severe serum sickness symptoms. The leukoag-
glutinin reaction results from the incidental transfusion of an-
tibodies with red blood cells or plasma. Leukoagglutinin reac-
tions result from the interaction of transfused antibodies with
recipient neutrophils, prompting neutrophil sequestration in
the lungs. Cough, dyspnea, and respiratory failure may follow
the transfusion. Treatment is supportive, as there is no spccific
therapy for the reactions (14).

Acquired defects in lymphocyte- and macrophage-regulated
immunity are the most common immunodeficiencies encoun-
tered in adults. Three major groups of disorders account
for most of these disorders: the acquired immunodeficiency
syndrome (AIDS), various lymphohematologic malignancies,
and iatrogenic immunosuppression. These discases are asso-
ciated with enhanced susceptibility to infections with com-
mon pathogens, as well as a unique predisposition to infec-
tions with opportunistic microorganisms, The pathogenesis of
one of the most devastating immune disorders, AIDS, involves
selective depletion of the CD4" subset of T lymphocytes by
retroviral infection. In these patients, lymphocyte depletion,
combined with abnormal macrophage function and certain B-
lymphocyte malfunctions, culminates in a plethora of poten-
tially life-threatening infections. As with other patients with
profound defects in lymphocyte-regulated immunity, patients
with AIDS may commonly present with acute and severe respi-
ratory failure in association with diffuse pulmonary infiltrates.
Notable opportunistic respiratory pathogens in patients with
defects in lymphocyte-regulated immunity include Preunt ocys-
tis jirovecii, Listeria monocytogenes, Nocardia sp., Mycobac-
teria sp., Cryptococcus neoformans, and cytomegalovirus. Be-
fore the AIDS epidemic, most cases of Pneumocystis pneumo-
nia in adults occurred among iatrogenically immunosuppressed
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patients or patients with lymphoma, especially Hodgkin lym-
phoma. Immunosuppressants primarily affecting lymphocyte
function include those used in organ transplantation: glucocor-
ticoids, antithymocyte globulin, OKT3 antilymphocyte globu-
lin, azathioprine, and cyclosporine.

The most common abnormalities of phagocytic function are
related to either an abnormal number or function of circulating
neutrophils. The consequence of almost all neutrophil defects is
infection, primarily bacterial and fungal, and, less commonly,
viral. The incidence of infection among neutropenic patients
correlates with the depression of the circulating neutrophil
count and the duration of neutropenia. Neutropenia is graded
based on absolute neutrophil count as mild (1,000 to 1,500
cells/u L), moderate (500 to 1,000 cells/u L), or severe (less than
500 cells/p L) (15). The risk of infection increases proportion-
ally as the circulating neutrophil count falls and is greater when
the neutropenia persists over several days. Universally, patients
with an absolute neutrophil count below 1,000 cells/uL have a
substantially increased risk of infection over time, while serious
infections are uncommon until more severc neutropenia devel-
ops with counts less than 500 cells/p L. With neutrophil counts
below 100 cells/u L, the incidence of severe infection increases
dramatically (15, 16). This risk forms the basis for empiric
antimicrobial therapy in neutropenic patients before pathogen
identification. The pathogenesis of neutrophil functional ab-
normalities has been most extensively studied among patients
with congenital neutrophil defects. A history of recurrent lym-
phocutancous or pulmonary infections with staphylococcei or
Gram-negative bacilli, especially Pseudomonas sp. or Serra-
tia sp., provides a clue to a potential underlying neutrophil
function disorder. Notably, infections with obligate anaero-
bic bacilli are exceedingly rare among patients with neutrophil
defects. Multiple congenital functional defects of neutrophils
have been identified and are outlined in Table 50.4B. Spe-
cific therapy exists for only one of these congenital disorders.
Among certain patients with chronic granulomatous disease,
the administration of IFN-y has been shown to partially cor-
rect the neutrophil abnormality and dramatically lessen the
incidence of infections (17).

IMMUNOTHERAPY

A broad spectrum of immunotherapies has evolved over the last
several years (Table 50.5A). Inmunotherapies may be broadly
classified as either immune system stimulants or suppressants,
but there is much mechanistic overlap. For example, the ther-
apeutic effect of intravenous immune globulin (IVIG) admin-
istration in the treatment of idiopathic thrombocytopenia pur-
pura has been partially attributed to the immunosuppressive
properties of the transfused immunoglobulin complexes. Like-
wise, the actions of most immunosuppressive drugs are rela-
tively global, with alterations in both cell-mediated immunity
and humoral immunity (18).

Immunotherapies and Critical Illness

Although the complications of immunosuppression commonly
resull in serious illnesses, only a few specific inmunotherapies
are used in caring for critically ill patients. These immunother-
apies include the use of certain antibodies, antibody fragments,
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IMMUNOTHERAPY

Agents Indications

Major side effects

[Immunosuppressive drugs
Corticosteroids

graft rejection
Cytotoxic chemotherapies Cancer therapy
Methotrexate

cancer therapy
Cyclosporine Graft rejection
Azathioprine
Immunomodulatory drugs

Levamisole Cancer therapy

Multiple discases associated with inflammation,

Multiple diseases associated with inflammation,

Graft rejection, rheumatoid arthritis

Adrenal suppression, infection, altered glucose
metabolism, cataracts, osteoporosis

Neutropenia, infection, mucosal ulceration

Pneumonitis, hepatitis, neutropenia, infection

Nephrotoxicity, hypertension
Leukopenia, thrombocytopenia, infection

Diarrhea, nausea, stomatitis, neurotoxicity,
leukopenia, rash

and plasmapheresis (Table 50.5B). Multiple other forms of
immunotherapy for critically ill patients have been used less
consistently or with no success. The use of immunosuppres-
sives and antibodies in the management of septic shock has
failed to demonstrate any clinical benefit, The administration
of antibodies, either as pooled y -globulin fractions or antigen-
specific immunoglobulins, has demonstrable efficacy in many
chronic medical illnesses. Certain antibodies and antibody frag-
ments occupy a novel therapeutic role in the management of
the critically ill patient (19).

A unique detoxifying mechanism for digoxin intoxication
involves the use of the Fab fragment of an anti-digoxin an-
tibody. These fragments, produced in sheep, facilitate digoxin
clearance with minimal side effects. Within minutes ofinfusion,
serum-free digoxin levels are usually undetectable, whereas im-
munoreactive digoxin levels (detecting the inactive digoxin—
Fab complexes) are usually clevated. Digoxin-Fab complexes
arc cxcreted by the kidneys without the latent release of
digoxin. In general, anti-digoxin Fab therapy is indicated for

IMMUNOTHERAPY: ANTIBODIES

digoxin-intoxicated patients presenting with life-threatening
arrhythmias or digoxin intoxication accompanied by hyper-
kalemia. In addition to correcting the cardiac toxicity, the occa-
sional hyperkalemia induced by digoxin poisoning commonly
resolves with the Fab therapy. The commercially available anti-
digoxin Fab product contains 40 mg ofthe Fab fragment, which
is capable of binding 0.6 mg digoxin. The amount of Fab to be
administered may be calculated either from knowledge of the
amount ingested or by the formula (assuming that the drug has
reached cquilibrium levels):

Body burden ofdigoxin (mg) = [Serum digoxin level (ng/mL)
% 5.6(L/ kg, distribution volume) * Weight (kg)]/ 1,000

The body burden of digoxin should be calculated and the ap-
propriate number of anti-digoxin Fab vials administered. Clin-
ical experience suggests that it is better to deliver the correct
number or a slight excess of Fab vials rather than underdose
the patient. Side effects, even in the presence of moderate renal

Agents Indications

Major side effects

Immunoglobulin (pooled
human)
immunosuppressed patients
Hyperimmune human Ig
(hepatitis B, rabies,
tetanus, Rho globulin,
hepatitis A, measles)

Ig deficiency diseases, ITP, myasthenia gravis,
Guillain-Barré syndrome, CMV pneumonia in

Passive prophylaxis for specific diseases

Myalgia, arthralgia, fever, aseptic meningitis,
reactions in IgA-deficient patients, rarely
anaphylaxis

Myalgia and injection site inflammation when
administered intramuscularly

Hyperimmune sera
Antithymocyte globulin

OKT3 (monoclonal antibody
to T cells)

Anti-digoxin Fab fragment

Antiplatelet integrin receptor
(ReoPro)

Antidotes for envenomization
Graft rejection, aplastic anemia

Graft rejection
Digoxin intoxication with arrhythmias

Prevention of acute reocclusion after coronary
angioplasty

Anaphylaxis, serum sickness

Fever, chills, thrombocytopenia, serum
sickness, anaphylaxis

Cytokine syndrome (especially with first
injection, infection)

Hypokalemia, heart failure

Hemorrhage

ITE, idiepathic thrombocytic purpura; CMV, cytomegalovirus.
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IMMUNOTHERAPY: CYTOKINES AND GROWTH FACTORS

Agenfs

Indications

Major side effects

Interleukin-2 (IL-2)

Interferon-a (IFN-o)
Interferon-y (IFN-y)
Interferon-f3 (IFN-B)

Granulocyte colony stimulating
factor (GCSF)

Cancer therapy
Cancer therapy, certain forms of hepatitis

Chronic granulomatous disease with recurrent
infections

Multiple sclerosis

Prevention of infections and episodes of febrile
neulropenia after chemotherapy

Myeloid reconstitution after bone marrow

Capillary leak syndrome, hypotension,
pulmonary edema

Flu-like syndrome: fever, headache, chills,
myalgia

Flu-like syndrome

Flu-like syndrome: injection site inflammation
Bone pain

Capillary leak syndrome; pulmonary edema;

Granulocyte—macrophage
coleny stimulating factor
(GM-CSF)

transplantation

pericardial effusion; flulike syndrome

insufficiency, have been mild. Rarely is there a need to readmin-
ister a Fab dose. After the Fab administration, serum potassium
levels should be monitored because the most common side ef-
fect is hypokalemia, and cautious potassium supplementation
may be necessary. Once the anti-digoxin Fab has been admin-
istered, serum digoxin levels are uninterpretable. With normal
renal function, the digoxin—Fab complex is excreted with a
half-life of 10 to 20 hours (20).

Multiple immunomodulatory agents, including cytokines
(Table 50.5C), antibodies to cytokines, and soluble cytokine
receptors, are under active investigation in the management of
eritical illnesses and their complications. Whereas initial clini-
cal trials suggested some efficacy of certain anti-endotoxin an-
tibodies, studies in larger patient populations clearly demon-
strated no benefit and perhaps a harmful effect. Considering
the complexity of the immune system regulatory mecha-
nisms in critical illnesses, the interpretation of preliminary im-
munomodulatory studies should be done with caution (21).

Plasmapheresis, the removal of plasma from blood with
the reinfusion of cells and replacement fluids, has been used
in many illnesses with variable success. Plasmapheresis has
been shown to be effective in several illnesses that com-
monly require management in the intensive care unit, includ-
ing idiopathic thrombocytopenia purpura (ITP), Guillain-Barré
syndrome, myasthenia gravis, Waldenstrom macroglobulin-
emia, and Goodpasture syndrome. In general, plasmaphere-
sis requires placement of either large-bore peripheral venous
catheters or a temporary hemodialysis catheter. Most of the se-
vere complications associated with plasmapheresis have been
related to placement and maintenance of the venous access
catheter. Hemorrhagic and septic complications are major con-
cerns with respect to the choice of vascular access because of
catheter manipulation during the pheresis sessions, the pre-
disposition to hemorrhage associated with plasma extraction,
and underlying renal and hemostatic derangements. Periph-
eral venous catheters or femoral catheters are probably prefer-
able to subclavian or internal jugular sites for patients with
hemostatic derangements, Similarly, the appropriate replace-
ment fluid varies with the clinical condition and disease. In
general, fresh frozen plasma is the most appropriate replace-
ment fluid in treating ITP, whereas 5% albumin with isotonic
saline is usually used for most neurologic indications. The vol-
ume of replacement fluid is estimated by approximating the

amount of plasma removed. Considering that one plasma vol-
ume is commonly removed with each session, the replacement
volume can be estimated from the following equation:

Blood volume = Weight (kg) x 70 mL
Replacement volume = Blood volume
% (1 — hematocrit, asa decimal)

Hence, fora 70-kg adult with a hematocrit of40%, thereplace-
ment volume would be 2,940 mL. The plasma volume to be
removed, replacement volume, and type of replacement fluid
must be individualized based on the patient’s clinical condition.
Almost 50% ofpatients undergoing plasmapheresis experience
some complication. Most of the complications, such as muscle
cramps, are mild and have been related to the citrate used in
the circuit. Less commonly, hypofibrinogenemia, electrolyte de-
ficiencies, and total protein deficiencies may develop. Patients
undergoing frequent sessions should be monitored regularly
for electrolyte levels, blood counts, and fibrinogen levels. Fib-
rinogen depletion, especially in patients with clinical conditions
predisposing to hemorrhage, may be treated with cryoprecipi-
tate (22).

Complications of Immunotherapy

The side effects of many immunotherapies include several se-
vere illnesses. Infectious complications of immunosuppressive
therapy account for the most common severe consequences
of immunotherapies. However, several other severe, noninfec-
tious clinical syndromes have been attributed to certain im-
munotherapies. These systemic reactions have been described
most commonly with certain immunoglobulin or cytokine ther-

apies. The infusion of y-globulin (IVIG) may result in myal-

gia, low-grade fever, and back pain. These relatively minor
symptoms have been partially attributed to complement activa-
tion by immunoglobulin complexes, and are usually effectively
managed by slowing the rate of infusion or prophylaxis with
antihistamines (23). Occasionally, IVIG infusions may result in
systemic hypotension or anaphylaxis. These severe reactions,
although rare, have been described most commonly among pa-
tients with IgA deficiencies who have pre-existing antibodies
to IgA. The IgA in the IVIG infusate is thought to initiate
the subsequent antigen—antibody reaction. ITmmunoglobulins




760 Section IV: Essential Physiologic Concerns

produced in animals, such as antithymocyte globulin and the
antivenins, are among the most common causes of anaphylaxis
or serum sickness. The immunosuppressive monoclonal anti-
body OKT3 is occasionally associated with a “cytokine release
syndrome” shortly after infusion. OKT3 is a murine mono-
clonal antibody that selectively depletes T lymphocytes and
has proven useful in solid organ transplantation. The cytokine
release syndrome manifests as fever, myalgia, dyspnea, and
hypotension. This reaction is most common after the initial
OKT3 infusion and has been attributed to the systemic release
of IFN-y and TNF-a. This syndrome may be prevented by
prophylaxis with corticosteroids. Another cytokine-mediated
syndrome is the capillary leak syndrome associated with 1L-2
administration and used in certain cancer therapies and multi-
ple other investigational studies. The capillary leak syndrome,
although apparently dose related, is common, and in cer-
tain patient populations, the incidence rate approaches 50%.
The sepsis-like syndroine consists of hypotension, extravascu-
lar fluid sequestration, and, occasionally, pulmonary edema.
Treatment includes vasopressor cardiovascular support and
corticosteroids. Development of the syndrome may require a
decrease in the interleukin dose or cessation of therapy (24).

SUMMARY

It is important to keep in mind that all aspects of immunity are
tightly integrated, such that cell-mediated immune responses
and humoral responses do not function as independently of
each other as was once thought. Similarly, almost all non-
immune cellular and organ functions, such as those respon-
sible for hemodynamic stability and body metabolism, have
been shown to be partially modulated by networking cytokine
messages from the multiple immune system cells. Appropri-
ate immunologic responses are crucial to recovery from most
critical illnesses. The complex intercommunicalion among im-
mune and non-immune system cells manifests itself as many of
the systemic symptoms commonly associated with acute illness,
such as fever, hypotension, and protein depletion. Perturbation
of the immune defense systems, whether on a congenital or ac-
quired basis, complicates the recovery process and commonly
prolongs otherwise curable illnesses. The expanding use of im-
munotherapies has been accompanied by the recognition of
several severe systemic side effects and infectious consequences
that, in themselves, result in serious illnesses.
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Cirih, 5. Maj 2022.

Pismo preporuke za Dr. Igora Petrusic¢a

Postovani,

Pisem ovo pismo da bih odobrio i snazno podrzao prijavu dr sci med. Igora Petrusi¢a
za mesto docenta na Katedri za patobiologiju Farmaceutskog fakulteta Univerziteta u
Beogradu. On je veoma talentovan i pripremljen kandidat, svrstava se u prvih 5%

istraZivaca sa kojima sam radio.

Radi konteksta, ja sam profesor i ef laboratorije za neuroinzenjering, na Odseku za
zdravstvene nauke i tehnologiju, na ETH Cirihu, prvoplasiranom Univerzitetu
Kontinentalne Evrope na svim medjunarodnim rang listama. Moja laboratorija se
fokusira na upotrebu neuronske stimulacije za obnavljanje senzorne i motoricke
funkcije nakon amputacije, mozdanog udara ili povrede ki¢mene mozdine, kao i
neurodegenerativnih poremecaja. Ja posedujem znadajno medunarodno iskustvo u
istraZivanju nervnog sistema i inZzenjeringa koje je kulminiralo dodelom ERC Starting
granta 2018., Science i PINS Grand Prize nagrade za neuromodulaciju 2021., kao i
ETH Latsis Prize 2021. Objavljivao sam u najprestiznijim nau¢nim ¢asopisima kao §to
su Science, Nature Materials, Nature Medicine i Science Translation Medicine i
osvajao Svajcarske grantove kao i sredstva neprofitnih organizacija. Moja laboratorija

kombinuje rad na kompjuterskim modelima i klini¢ka ispitivanja na ljudima

Dr sci med. Igor Petrusic je izuzetno doprineo realizaciji studije o pradenju fiziologkog
i patofizioloskog neuroplasticiteta kod osoba kod kojih je implantirana bioni¢ka noga
posle natkolene amputacije u okviru projekta: "FeelAgain". Ova multidisciplinarna i
internacionalna saradnja dovela je do publikacije: "Plastic changes in the brain after
a neuro-prosthetic leg use" u ¢asopisu Clinical Neurophysiology. Takode, prihvacen
je saZetak rada na FENS forumu 2022. godine pod nazivom: "A neuroimaging study
of the brain changes due to peripheral nerve stimulation". Bitno je naglasiti da su
rezultati ove studije prvi u oblasti istraZivanja funkcionalnih promena u mozgu
prikazanih funkcionalnom magnetnom rezonancijom posle koriséenja bioni¢ke noge i

kao takva predstavljaju osnovu za dalja istraZivanja i buduce internacionalne saradnje
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koje sa dr sci med. Igorem Petrugi¢em planiramo. |z nae saradnje sam uvideo da dr
sci med. Igor Petrugi¢ ima konstruktivan i nesebican pristup u saradnji sa svim
¢lanovima istrazivackog tima i da bi njegovo znanje i kvalitete trebalo iskoristiti i u

nastavi na Univerzitetu u Beogradu.

Iskreno sam zac¢uden da dr sci med. Igor Petrusi¢ vec nije u nastavnom zvanju pored
ogromnog nauénog i pedagoskog doprinosa koje je ostvario na Univerzitetu u
Beogradu. To je od specijalnog znacaja danas vise nego ikada, jer se nazalost

dogadja egzodus talenata ka inostranstvu.

Ovu poziciju smatram velikom profesionalnom i licnom 8ansom za njega. Verujem da
¢e mu to pomodéi u njegovom kontinuiranom teznji ka izvrsnosti, a sa druge strane,
obogati¢e zajednicu Univerziteta u Beogradu sa veoma talentovanim i strastvenim

istrazivacem.

Zbog svega iznad navedenog, veliko mi je zadovoljstvo da preporucim dr sci med.
Igora PetruSica za mesto docenta na Katedri za patobiologiju Farmaceutskog

fakulteta Univerziteta u Beogradu.
Ostajem na raspolagnju za svaku dodatnu konsultaciju ili pitanje,
Srdacni pozdrav,

Prof. Dr. Stanisa Raspopovic,
Head of Neuroengineering Lab at ETH Zurich
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About this Research Topic Topic Editors

Typical migraine with aura is a complex primary
headache with highly variable clinical manifestation,

including visual, somatosensory and dysphasic P g

symptoms. Visual auras are ranging from simple Igor Petrusic

visual phenomena, such as flashes of bright light or Faculty
zig-zag lines, to more complex disturbances of of

visual perception. Similar to visual phenomena, Physical
somatosensory symptoms can be ranging from Chemistry,
simple tingling sensations on one hand to more University
complex manifestations such as dyspraxia. Also, g;lgrade
various manifestations of dysphasia and Belgrade,
disturbances of memory are present in the aura Serbia

phase of the attack. Some patients have only simple
auras during migraine attacks, while some patients
have combinations of attacks with only simple

symptoms and _attackls WIFh simple and comple?x Peter Goadsbff- : ‘7 : E
symptoms and in a minority of cases some patients ¢ i
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Currently, there is no difference in the treatment of
patients who suffer from only visual disturbances
during the aura phase and those who report
additional somatosensory symptoms or even higher
cortical dysfunctions. This is due to a lack of
understanding of pathophysiological mechanisms
that allow migraineurs’ brains to develop
heterogeneous phenotypes. However, recent
neuroimaging and electrophysiological studies have
highlighted that people suffering from complex
migraine with aura differ from people who only
report visual auras that precede the headache
phase. Moreover, a recently developed migraine
aura complexity score {(MACS) shows that people
with more complex aura tend to have thicker
cerebral cortex in various sites which may be
affected by cortical spreading
depolarization/depression. Thus, potential genetic,
biochemical, electrophysiological and
neuroimaging markers for subtype classification
could significantly advance individualized treatment
and enable new therapeutic strategies. Also, the
relationship between the complexity of migraine
aura and other migraine phases could reveal a new
piece of the puzzle in the complex pathophysiology
of migraine.

The aim of this Research Topic is to explore
potential markers for subtype characterization of
typical migraine with aura and to further investigate
the differences between clinical subtypes and the
relevance of the aura complexity on the treatment
outcome. We welcome submissions of Original
Research and Review papers, as well as interesting
Case Reports that investigate the pathophysiology
of typical migraine with aura by using multimodal
technigues.

Keywords: Typical migraine with aura, complex
aura, clinical characterization, neuroimaging,
electrophysiological studies, genetic and
biochemical biomarkers.
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