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Overview of nonspecific innate immune defenses
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1.2 PHYSICAL DEFENSES

T

- DUOE?=H >=NNEANO LH=U =J E B LKNP=JP NKHA EJ LNARAJPEIC NE?NK>A0 BNK I NA=?DEJC PEOOQAO PD=P =NA 0QO?ALPE>HA PK
EJBAPPEKJ P PDA ?AHHQH=N HARAH >=NNEANO ?KJOEOP KB ?AHHO PD=P =NA PECDPHU FKEJA@ PK LNARAJP EJR=@ANO BNK I ?NKOOEJC
PDNKQCD PK @AALAN PEOOQA $KN AT=1 LHA PDA AJ@KPDAHE=H ?AHHO PD=P HEJA >HKK@ RACOAHO D=RA RANU PECDP ?AHH PK 2AH
FQJI?PEKIO >HK?GEJC BE?NK>AQ BNK B C=EJEJC =??A00 PK PDA >HKK@OPNA= N ¥ A FQJI?PEKJO =NA CAJAN=H{U ?K I LKOA@ KB
?AH B A B>N=JA LNKPAEJO PD=P I =U ?KJJA?P SEPD PDA ATPN=7AHHQH=N B =PNET KN SEPD ?K N LHA B AJP=NU LNKPAEJO BNK I
JAECD>KNEJC ?AHH0 2E00QAQ EJ R=NEKQO L=NPO KB PDA >K@U D=RA @EBBANAJP PULAO KB ?AH FQJ?PEKJ0 2DA0A EJ?HQ@A PECDP
FQJI?PEKIO @AO I KOK BAD =J@ C=L FQJ?PEKJO =0 EHHQOPN=PA@ EJ BECQNA *JR=@EJC BEPNKKNC=JEO RO B =U=PPARLPPK
>NA=G @KSJ PDACA 0Q>0P=J?A0 ?DA B E?=HiU QOEJC AJVU I A0 0Q?D =0 LNKPA=0AQ PD=P ?=J ?=QO0A OPNQ?PQN=H @= I =CA PK
?NA=PA = LKEJP KB AJPNU BKN L=PDKCAJO
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tight junctions desmosomes gap junctions
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—JA KB PDA >K@UIO B KOP E I LKNP=JP LDUOE?=H >=NNEANO EO PDA OGEJ >=NNEAN SDE?D EO ?K I LKOA@ KB PDNAA H=UANO KB
7PHKOAHU L=?GA@ ?AHH0 2DA PDEJ QLLAN H=UAN EO ?=H{A@ PDA ALE@ANBEO  O0A?KJ@ PDE?GAN H=UAN EO ?=HHA@ PDA @AN I EO
2DE0 H=UAN ?KJP=EJO D=EN BKHE?HAO 0SA=P CH=J@0 JANRAO =J@ >HKK@ RAOOAHO  H=UAN KB B=PPU PEOOQA ?=HiA@ PDA DULK

@AN 1 EO HEAO >AJA=PD PDA @AN 1 E0 =J@ ?KJP=EJO >HKK@ =J@ HU I LD RAOOAHO BECQNA
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falty tissue blood .
vessels har ) lymph
follicle  oil gland vessel
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2DA PKL I KOP H=UAN KB O0GEJ PDA ALE@AN B E0 ?KJOEOPO KB ?AHHO PD=P =NA L=?GA@ SEPD GAN=PEJ 2DA0A @A=@ ?AHHO NA I =EJ
=0 = PECDPHU ?KJJA?PA@ @AJOA H=UAN KB LNKPAEJ BEHHA@ ?AHH DQOGO KJ PDA OQNB=?A KB PDA OGEJ 2DA GAN=PEJ N =GAO PDA
0GEJKO OQNB="A B A?D=JE?=H{U PKQCD =J@ NAOEOP=JP PK @ACN=@=PEKJ >U >=?PANE=H AJVU B A0 $=PPU =?E@0 KJ PDA 0GEJKO
OQNB=7A ?NA=PA = @NU 0=HPU =J@ =?E@E? AJRENKJ I AJP PD=P EJDE>EPO PDA CNKSPD KB OK B A B E?NK>A0 =J@ EO DECDHU NAQEO

P=JP PK >NA=G@KSJ >U >=7?PANE=H AJVU 1 A0 *J =@@EPEKJ PDA @A=@ ?AHO KB PDA ALE@AN I EO =NA BNAMQAJPHU ODA@ =HKJC
SEPD =JU BE?NK>AQ0 PD=P B=U >A ?HEJCEJC PK PDAR 1DA@ OGEJ ?AHH0 =NA ?KJIPEJQ=HHU NALH=?A@ SEPD JAS ?AH0 BNK I
>AKS LNKRE@EJC = JAS >=NNEAN PD=P SEH{ OKKJ >A ODA@ EJ PDA 0= 1A S=U

*JBA?PEKJIO ?=J K??QN SDAJ PDA 0GEJ >=NNEAN EO ?K I LNK B EOA@ KN >NKGAJ ~ SKQJI@ ?=J 0ANRA =0 = LKEJP KB AJPNU BKN
KLLKNPQJEQOPE? L=PDKCAJO SDE?D ?=J EJBA?P PDA 0GEJ PEOOQA OQNNKQJ@EJC PDA SKQJ@ =J@ LKOOE>HU OLNA=@ PK @AALAN
PEOOQAQ
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2DA 1Q?KQ0 FA N >N=JA0 HEJEJC PDA JKOA B KQPD HQJCO =J@ QNEJ=NU =J@ @ECAOPERA PN=?P0 LNKRE@A =JKPDAN JKJ
OLA?EBE? >=NNEAN =C=EJOP LKPAJPE=H L=PDKCAJ0 +Q?KQ0 B AN >N=JA0 ?KJOEOP KB = H=UAN KB ALEPDAHE=H ?AHH0 >KQJ@ >U
PECDP FQJ?PEKJO 2DA ALEPDAHE=H ?AHHO OA?NAPA = N KEOP OPE?GU 0Q>0P=J?A ?=HiA@ B Q?Q0 SDE?D ?KRANO =J@ LNKPA?PO
PDA B KNA BN=CEHA ?AHH H=UANO >AJA=PD EP =0 SAH =0 PN=LO @A>NEO =J@ L=NPE?QH=PA B =PPAN EJ?HQ@EJC N E?NK>A0 +Q?Q0
OA?PNAPEKJO =HOK ?KJP=EJ =JPE I EPNK>E=H LALPE@AOQ
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*J 1=JU NACEKJO KB PDA >K@U B A?D=JE?=H =?PEKJ0 OANRA PK BHQOD BQ?Q0 =HKJIC SEPD
PN=LLA@ KN @A=@ B E?NK>A0 KQP KBPDA >K@U KN =S=U BNK I LKPAJPE=H OEPAQ KB EJBA?PEKJ
$KN AT=1 LHA EJ PDA NAOLEN=PKNU OUOPA I EJD=H=PEKJ ?=J >NEJC BEPNK>A0 @QOP N KH@
OLKNAO =J@ KPDAN O I =H{ =EN>KNJA @A>NEO EJPK PDA >K@U 2DE0 @A>NEO >A?K I A0 PN=LLA@
EJ PDA B Q?Q0 HEJEIC PDA NAOLEN=PKNU PN=2P = H=UAN GIKSJ =0 PDA 1 Q?K?EHE=NU >H=JGAP
2DA ALEPDAHE=H ?AHHO HEJEJC PDA QLLAN L=NPO KB PDA NAOLEN=PKNU PN=7P =NA ?=HHA@ ?EHE=PA@
ALEPDAHE=H ?AHHO >A?=QO0A PDAU D=RA D=EN HEGA =LLAJ@=CA0 GIKSJ =0 ?tHE= +KRA B AJP
KB PDA ?EHE= LNKLAHO @A>NEO H=@AJ BQ?Q0 KQP =J@ =S=U BNK I PDAHQJCO 2DA ATLAHA@
1 Q?Q0 E0 PDAJ 0S=HKSA®@ =J@ @AOPNKUA@ EJ PDA OPK I =?D ?KQCDA@ QL KN 0JAAVA@ KQP
BECQNA 2DE0 OUOPA I KB NA I KR=H EO KBPAJ ?=H{A@ PDA 1 Q?K?EHE=NU A0?=H=PKN

2DA 1 Q?K?EHE=NU AQ?=H=PKN EO 0Q?D =J ABBA?PERA >=NNEAN PK N E?NK>A0 PD=P PDA HQJCO
PDAHKSAN B KOP =J@ B KOP OAJOEPERA LKNPEKJ KB PDA NAOLEN=PKNU PN=?P SANA HKJC ?KJ

OE@ANA@ PK >A = OPANEHA AJRENKJ BAJP EJ DA=HDU EJ@ERE@Q=H0 —JHU NA?AJPHU D=0
NAOA=N?D 0QCCAQPA@ PD=P DA=HPDU HQJCO B =U D=RA =01 =H JKN B =H B E?PNK>EKP= "*EONQL

PEKJ KB PDA B Q?K?EHE=NU A0?=H=PKN >U PDA @= 1 =CEJC ABBA?PO KB 0 B KGEJC KN @EOA=0AO
0Q?D =0 ?UOPE? BE>NKOEO ?=J HA=@ PK EJ?NA=0A@ ?KHKJIEV=PEKJ KB >=?PANE= EJ PDA HKSAN
NAOLEN=PKNU PN=?P =J@ BNAMQAJP EJBA?PEKJO 2DAO0A ABBA?PO DECDHECDP PDA E I LKNP=J?A KB
PDEO LDUOE?=H >=NNEAN PK DKOP @ABAJOAO

*EGA PDA NAOLEN=PKNU PN=?P PDA @ECAOPERA PN=?P EO = LKNP=H KB AJPNU PDNKQCD SDE?D
1 E?NK>AQ0 AJPAN PDA >K@U =J@ PDA 1Q?KQO I A I >N=JA0HJEJC PDA @ECAOPERA PN=7P LNK
RE@A = JKIOLA?PEBE? LDUOE?=H >=NNEAN =C=EJOP EJCAOPA@ B E?NK>A0 22DA EJPAOPEJ=H PN="7P EO
HEJA@ SEPD ALEPDAHE=H ?AHHO EJPANOLANOA@ SEPD B Q?Q0 OA?PNAPEJC CK>HAP ?AHHO BECQNA
2DE0 1Q?Q0 NETAO SEPD N =PANE=H NA?AERA@ BNK I PDA OPK B=?D PN=LLEJC BKK@

>KNJA BE?PNK>A0 =J@ @A>NEO 2DA B A?D=JE?=H =?PEKJ KB LANEOP=HOEO = OANEAO KB B QO?QH=N ?KJIPN=?PEKJ0 EJ PDA @ECAO
PERA PN=?P 1 KRAO PDA OHKQCDA@ 1 Q?Q0 =J@ KPDAN B =PANE=H PDNKQCD PDA EJPAOPEJAO NA?PQ R =J@ =JQ0 AT?NAPEJC PDA

1 =PANE=H EJ BA?AQ

microvilli

secretory vesicles
containing mucin

rough
endoplasmic
reticulum

Golgi apparatus

nucleus
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2DA ALEPDAHE=H ?AHHO HEJEJC PDA QNKCAJEP=H PN=?P >HKK@ RAOOAHO HU B LD=PE? RAOOAHO =J@ ?ANP=EJ KPDAN PEOOQAO =NA
GJIKSJ =0 AJQKPDAHE= 22DA0A PECDPHU L=?GA@ ?AHHO LNKRE@A = L=NPE?QH=NHU ABBA?PERA BNKJPHEJA >=NNEAN =C=EJOP
EJR=@ANO 2DA AJ@KPDAHE= KB PDA >HKK@ >N=EJ >=NNEAN BKN AT=NLHA LNKPA?P PDA ?AJPN=H JANRKQO OUOCPAR T ,1
SDE?D ?KJOEOPO KB PDA >N=EJ =J@ PDA OLEJ=H ?KN@ 2DA I , 1 E0 KJA KB PDA 1 KOP 0AJOEPERA =J@ E B LKNP=JP =NA=0 KB
PDA >K@U =0 BE?PNK>E=H EJBA?PEKJ KB PDA T , 1 ?=J MQE?GHU HA=@ PK OANEKQO =J@ KBPAJ B=P=H EJBH= 1 N =PEKJ 2DA ?AHH
FQJI?PEKJIO EJ PDA >HKK@ RAOOAHO PN=RAHEJC PDNKQCD PDA I , 1 =NA OK I A KB PDA PECDPAOP =J@ PKQCDAOP EJ PDA >K@U LNA
RAJPEJC =JU PN=JOEAJP N E?NK>A0 EJ PDA >HKK@OPNA= N BNK B AJPANEJC PDA ¥ , 1 2DE0 GAALO PDA ?ANA>NKOLEJ=H BHQE@
PD=P OQNNKQJ@0 =J@ >=PDAO PDA >N=EJ =J@ OLEJ=H ?KN@ OPANEHA QI@AN JKN I =H ?KI@EPEKIO

1.3 MECHANICAL DEFENSES

'J =@@EPEKJ PK LDUOE?=H >=NNEANO PD=P GAAL BE?NK>A0 KQP PDA >K@U D=0 = JQ I >AN KB B A?D=JE?=H @ABAJOAO PD=P
LDUCE?=H{U NA I KRA L=PDKCAJO BNK I PDA >K@U LNARAJPEJC PDA R BNK I P=GEJC QL NACE@AJ?A SA D=RA =HNA=@U @EO
?Q00A@ OARAN=H AT= I LHAO KB § A?D=JE?=H @ABAJOAO EJ?HQ@EJC PDA ODA@@EJC KB 0GEJ ?AHHO PDA ATLQHOEKJ KB B Q?Q0 RE=
PDA 1 Q?K?EHE=NU AO0?=H=PKN =J@ PDA AT?NAPEKJ KB BA?AO PDNKQCD EJPAOPEJ=H LANEOP=HOEO —PDAN E I LKNP=JP AT= 1 LHAO
KB B A?D=JE?=H @ABAJOAO EJ?HQ@A PDA BHQODEJC =?PEKJ KB QNEJA =J@ PA=NO SDE?D >KPD OANRA PK ?=NNU B E?NK>A0 =S=U
BNK I PDA >K@U 2DA BHQODEJC =?PEKJ KB QNEJA EO H=NCAHU NAOLKJOE>HA BKN PDA JKN I =HiU OPANEHA AJRENKJ I AJP KB PDA
QNEJ=NU PN=?P SDE?D EJ?HQ@AO PDA GE@JAUO QNAPANO =J@ QNEJ=NU >i=@@AN 3NEJA L=00EJC KQP KB PDA >K@U S=0DA0
KQP PN=JOEAJP BE?NKKNC=JEO B0 LNARAJPEJC PDA N BNK B P=GEJC QL NAOE@AJ?A 2DA AUAO =HOK D=RA LDUOE?=H >=NNE
ANO =J@ N A?D=JE?=H B A?D=JE0 I 0 BKN LNARAJPEJC EJBA?PEKJIO 2DA AUAH=0DA0 =J@ AUAHE@O LNARAJP @QOP =J@ =EN>KNJA
B E?NKKNC=JEO 1 0 BNK I NA=?DEJC PDA OQNB=?A KB PDA AUA  JU B E?NK>A0 KN @A>NEO PD=P B =GA EP L=0P PDACA LDUOE?=H
>=NNEANO B =U >A BHQODA@ KQP >U PDA B A?D=JE?=H =?PEKJ KB >HEJGEJC SDE?D >=PDAO PDA AUA EJ PA=NO S=0DEJC @A>NEO
=S=U BECQNA

kidney

eyelashes

ureter
tear duct

pelvic floor
muscles
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*J R=NEKQO NACEKJO KB PDA >K@U NAOE@AJP N E?NK>EKP= OANRA =0 =J E I LKNP=JP BENOP HEJA @ABAJOA =C=EJOP EJR=@EJC
L=PDKCAJO 2DNKQCD PDAEN K??QL=PEKJ KB ?AHQH=N >EJ@EJIC OEPAO =J@ ?K N LAPEPEKJ BKN =R=EH=>HA JQPNEAJPO PDA NAO
E@AJP N E?PNK>EKP= LNARAJP PDA ?NEPE?=H A=NHU OPALO KB L=PDKCAJ =PP=?D B AJP =J@ LNKHEBAN=PEKJ NAMQENA@ BKN PDA
AOP=>HEOD B AJP KB =J EJBA?PEKI $KN AT=NLHA EJ PDA R=CEJ= R AN >ANO KB PDA NAOE@AJP B E?NK>EKP= ?K I LAPA SEPD
KLLKNPQJEOPE? L=PDKCAJO HEGA PDA UA=0P  6C9>96 2DE0 ?K I LAPEPEKJ LNARAJPO EJBA?PEKJIO >U HE B EPEJC PDA =R=EH=>EHEPU
KB JQPNEAJPO PDQO EJDE>EPEJC PDA CNKSPD KB 6C9>96 GAALEJC EPO LKLQH=PEKJ EJ ?DA?G 1E B EH=N ?K B LAPEPEKJO K??QN
>APSAAJ PDA B E?NK>EKP= =J@ LKPAJPE=H L=PDKCAJO KJ PDA 0GEJ EJ PDA QLLAN NAOLEN=PKNU PN=?P =J@ EJ PDA C=0PNKEJ
PAOPEJ=H PN=7P 2DA NAOE@AJP B E?NK>EKP= =HOK ?KJPNE>QPA PK PDA ?DA I E?=H @ABAJOAO KB PDA EJJ=PA JKJOLA?EBE? DKOP
@ABAJOAO

2DA ENLKNP=J?A KB PDA JKN B = BEPNK>EKP= EJ DKOP @ABAJOAO EO DECDHECDPA@ >U PDA EJ?NA=0A@ 0QO?ALPE>EHEPU PK
EJBA?PEKQO @EOA=0A0 SDAJ PDA I E?NK>EKP=EO @EONQLPA@ KN AHE I EJ=PA@ 2NA=P I AJP SEPD =JPE>EKPE?0 ?=J OECJEBE?=JPHU
@ALHAPA PDA JKN I =H B E?NK>EKP= KB PDA C=0PNKEJPAOPEJ=H PN=7P LNKRE@EJC =J =@R=JP=CA BKN L=PDKCAJE? >=7PANE= PK
?KHKJIEVA =J@ ?=Q0A @E=NNDA=H EJBA?PEKJ 'J PDA ?=0A KB @E=NNDA= ?=Q0A@ >U ADHIG>9>IB 9>;;>8h: PDA EJBA?PEKJI ?=J
>A OARANA =J@ LKPAJPE=HHU HAPD=H —JA OPN=PACU BKN PNA=PEJC  9>;;>8>k: EJBA?PEKJO EO BA?=H PN=JOLH=JP=PEKJ SDE?D
EJRKHRAO PDA PN=JO0BAN KB BA?=H B =PANE=HBNK I = @KJIKN 0?NAAJA@ BKN LKPAJPE=H L=PDKCAJO EJPK PDA EJPAOPEJAO KB PDA
NAELEAJP L=PEAJP =0 = B APDK@ KB NAOPKNEJC PDA JKN I =H BE?NK>EKP==J@ ?K B >=PEJC  O>;;>8>A: EJBA?PEKJO

2=>HA LNKRE@AO = 0Q I I =NU KB PDA LDUOE?=H @ABAJOAO @E0?QO0A@ EJ PDEO OA?PEKJ

1GEJ 1 Q?KQ0 NA N >N=JA0 AJ@KPDAHE=H
?AHHO

¥ AHHQH=N >=NNEANO **AJU AJPNU PK L=PDKCAJO
1DA@@EIC KB OGEJ 2AH0 N Q?K?EHE=NU

+A?D=JE?=H >=NNEANO OSAALEJIC LANEOP=HOEO BHQODEJC =?PEKJ KB
QNEJA =J@ PA=NO

OA 1 KRA L=PDKCAJO BNK I LKPAJPE=H OEPAQ KB
EJBA?PEKJ

OAOE@AJP >=?PANE= KB PDA OGEJ QLLAN
+ENKSEK A NAOLEN=PKNU PN=7P C=0PNKEJPAOPEJ=H PN="P
=J@ CAJEPKQNEJ=NU PN=2P

TK I LAPA SEPD L=PDKCAJO BKN ?AHHQH=N
>EJ@EJC OEPAO =J@ JQPNEAJPO

,67A: (=NH>86A 9:;:CH:H D; CDCHE:8>;>8 >CC61: > BBJIC>IN

1.4 CHEMICAL DEFENSES

*J =@@EPEKI PK LDUCE?=H @ABAJOAO PDA EJJ=PA JKJOLA?EBE? EN B QJA OUOPA I QOAO = JQ I >AN KB ?DA RE?=H B A@E=PKNO
PD=P EJDE>EP BE?NK>E=H EJR=@ANO 2DA PANE chemical mediators AJ?K I L=00A0 = SE@A =NN=U KB 0Q>0P=J?A0 BKQJ@
EJ R=NEKQO >K@U BHQE@O =J@ PEOOQAO PDNKQCDKQP PDA >K@U T¥DA BE?=H B A@E=PKNO B =U SKNG =HKJA KN £EJ ?KIFQJI?PEKJ
SEPD A=?D KPDAN PK EJDE>EP B EPNK>E=H ?KHKJEV=PEKJI =J@ EJBAPPEKJ

1K BA?DARE?=H B AQ@E=PKNO =NA AJ@KCAJKQOHU LNK@Q?A@ I A=JEJC PDAU =NA LNK@Q?A@ >U DQ 1 =J >K@U ?AHH0 KPDANO
=NA LNK@Q?A@ ATKCAJKQOHU B A=JEJC PD=P PDAU =NA LNK@Q?A@ >U ?ANP=EJ B E?NK>AQ PD=P =NA L=NP KB PDA B E?NK>EK I A
1K B A B A@E=PKNO =NA LNK@Q?A@ ?KJIPEJQ=H{U >=PDEJC PDA =NA=EJ PDA =JPE B E?NK>E=H 0Q>0P=J?A KPDANO =NA LNK@Q?A@
KN =?PER=PA@ LNE B =NEHU EJ NAOLKJOA PK OK I A OPE B QHQO 0Q?D =0 PDA LNAGAJ?A KB B E?NK>A0
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$HQE@O LNK@Q?A@ >U PDA 0GEJ EJ?HQ@A AT= 1 LHAO KB >KPD AJ@KCAJKQO =J@ ATKCAJKQO B A@E=PKNO 1A>=?AKQO CH=J@0
EJ PDA @AN I EO OA?NAPA =J KEH ?=HHA@ OA>Q I PD=P EO NAHA=0A@ KJPK PDA 0GEJ 0QNB=7A PDNKQCD D=EN BKHHE?HAQ 2DE0 0A>Q 1
E0 =J AJ@KCAJKQO B A@E=PKN LNKRE@EJC =J =@@EPEKI=H H=UAN KB @ABAJOA >U DAHLEJC OA=H KBB PDA LKNA KB PDA D=EN BKHE

?HA 2DE0 OQLLHA B AJP=H @ABAJOA H=UAN LNARAJPO >=?PANE= KJ PDA O0GEJK0 OQNB=?A BNK I EJR=@EJC 0SA=P Ci=J@0 =J@ OQN

NKQJ@EJC PEOOQA BECQNA TANP=EJ AR >ANO KB PDA BE?NK>EK BA 0Q?D =0 PDA >=?PANEQ I (GDE>DC>7681:6>JB 68C:H
=J@ PDA BQJICQO %6A6HH:0>6 =B KJIC KPDANO ?=J QOA HEL=0A AJVU I A0 PK @ACN=@A 0A>Q I QOEJC EP =0 = BKK@ OKQN?A
2DE0 LNK@Q?A0 KHAE? =?E@ SDE?D ?NA=PAO = B EH@HU =?E@E? AJRENKJ B AJP KJ PDA OQNB=?A KB PDA OGEJ PD=P E0 EJDKOLEP=>HA
PK B1=JU L=PDKCAJE? BE?NK>A0 —HAE? =7E@ E0 =J AT= 1 LKA KB =J ATKCAJKQOHU LNK@Q?A@ B A@E=PKN >A?=QOA EP E0 LNK

@Q?A@ >U NAOE@AJP BE?NK>A0 =J@ JKP @ENA?PHU >U >K@U ?AHH0

#JIRENKJ 1 AJP=H B=7PKNO PD=P =BBA?P PDA N E?NK>EKP= KB PDA OGEJ ?=J D=RA = @ENA?P E I L=?P KJ PDA LNK@Q?PEKJ KB ?DA
E?=H B A@E=PKNO *KS DQ B E@EPU KN @A?NA=0A@ 0A>Q I LNK@Q?PEKJ BKN AT=1 LHA ?KQH@ B =GA PDA OGEJ HAOO D=>EP=>HA
BKN BE?PNK>AQ PD=P LNK@Q?A KHAE? =?E@ PDQO N =GEJC PDA OGEJ N KNA 0QO?ALPE>HA PK L=PDKCAJO JKN N =H{U EJDE>EPA@
>U PDA 0GEJIO HKS L& +=JU 0GEJ I KEOPQNEVANO =NA BKN I QH=PA@ PK ?KQJPAN 0Q?D ABBA?PO >U NAOPKNEJC B KEOPQNA =J@
AQOAJPE=H KEHO PK PDA 0GEJ

hair

sebaceous
gland

><J6: +:768:DJH <AGCOH H:8G:1: H:7IB 6 8=:B>86A B:9>61DG 1=61 AJ7G>861:H 6C9 EGDI:8IH I=: H@>C
;6DB >CK69>C< B>8GD7:H +:7JB >H 6MHD 6 ;DD9 HDJG8: ;DG G:H>9:Cl B>8GD7:H I=61 EGD9J8: DA:>8 68>9 6C
:MD<:CDJHAN EGD9J8:9 B:9>61DG _><JG: 9:H8G>EI>DC 6K6467A: 61 I=: :C9 D; I=: 8=6EI:G

2DA @ECAOPERA PN=7P =HOK LNK@Q?AO =H=NCA JQ I >AN KB ?DA R E?=H N A@E=PKNO PD=P EJDE>EP KN GEtH BE?NK>A0 *J PDA KN=H
?=REPU O=HER= ?KJIP=EJ0O N A@E=PKNO 0Q?D =0 H=?PKLANKTE@=0A AJVU I A0 =J@ 1 Q?Q0 OA?NAPA@ >U PDA AOKLD=CQO ?KJ
P=EJO0 PDA =JPE>=?PANE=H AJVU I A HUOKVU R A *J PDA OPK I =?D DECDHU =7E@E? C=OPNE? BHQE@ GEHHO N KOP NE?NK>A0 *J PDA
HKSAN @ECAOPERA PN=7P PDA EJPAOPEJAQ D=RA L=J?NA=PE? =J@ EJPAOPEJ=H AJVU B A0 =JPE>=?PANE=H LALPE@AO ?NULPEJO >EHA
LNK@Q?A@ BNK B PDA HERAN =J@ OLA?E=HEVA@ . =JAPD ?AHHO PD=P LNK@Q?A HUOKVU B A 2KCAPDAN PDAOA B A@E=PKNO =NA =>HA
PK AHE B EJ=PA 1 KOP L=PDKCAJO PD=P B =J=CA PK OQNRERA PDA =?E@E? AJRENKJ I AJP KB PDA OPK 1 =?D

*J PDA QNEJ=NU PN=?P QNEJA BHQODAO N E?NK>A0 KQP KB PDA >K@U @QNEJC QNEJ=PEKJ SQNPDAN I KNA PDA OHECDP =?E@EPU KB
QNEJA PDA =RAN=CA L& E0 =>KQP  EJDE>EPO PDA CNKSPD KB B=JU BE?NK>A0 =J@ LKPAJPE=H L=PDKCAJO EJ PDA QNEJ=NU
PN=2P
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2DA BA I =HA NALNK@Q?PERA OUOPA I A I LHKUO H=7P=PA =J ATKCAJKQOHU LNK@Q?A@ ?DA R E?= B A@E=PKN PK EJDE>EP B E?NK
>E=H CNKSPD 2DA ?AHH0 =J@ PEOOQA H=UANO ?K I LKOEJC PDA R=CEJ= LNK@Q?A CHU?KCAJ =>N=J?DA@ =J@ N KNA ?K I LHAT
LKHU B AN KB CHQ?KOA *=?PK>=7EHHE EJ PDA =NA= BAN | AJP CHU?KCAJ PK LNK@Q?A H=?P=PA HKSANEJC PDA L& EJ PDA R=CEJ=
PDANA>U EJDE>EPEJC PN=JOEAJP NE?NK>EKP= KLLKNPQJEOPE? L=PDKCAJO HEGA 6C996 = UA=0P =00K?E=PA@ SEPD R=CEJ=H
EJBAPPEKIO =J@ KPDAN L=PDKCAJO NAOLKJOE>HA BKN OATQ=H{U PN=J0 I EPPA@ @EOA=0AQ

*J PDA AUAO PA=NO ?KJP=EJ PDA ?DA R E?=H B A@E=PKNO HUOKVU I A =J@ H=7PKBANNEJ >KPD KB SDE?D =NA ?=L=>HA KB AHE R E
J=PEJC 1 E?NK>A0 PD=P D=RA BKQJ@ PDAEN S=U PK PDA 0QNB=?A KB PDA AUAO *UOKVU I A ?HA=RA0 PDA >KJ@ >APSAAJ , %
=J@ , -+ EJ LALPE@KCHU?=J = ?K B LKJAJP KB PDA ?AHH S=Hi EJ >=7PANE= P EO B KNA ABBA?PERA =C=EJOP CN=1 LKOE
PERA >=7PANE= SDE?D H=?G PDA LNKPA?PERA KQPAN B A B >N=JA =00K?E=PA@ SEPD CN=0 JAC=PERA >=7PANE= *=7PKBANNEJ
EJDE>EPO B EPNK>E=H CNKSPD >U ?DA B E?=H{U >EJ@EIC =J@ OAMQAOPANEJC ENKJ 2DEQ ABBA?PERAHU OP=NRAO B =JU B E?NK>A0
PD=P NAMQENA ENKJ BKN CNKSPD

*J PDA A=NO ?ANQ B AJ A=NS=T ATDE>EPO =JPE B E?NK>E=H LNKLANPEAO @QA PK PDA LNAOAJ?A KB B=PPU =?E@0 SDE?D HKSAN
PDA L& PK >APSAAJ  =J@

2DA NAOLEN=PKNU PN=?P QOAO R=NEKQO ?DA B E?=H B A@E=PKNO EJ PDA J=0=f L=00=CAO0 PN=?DA= =J@ HQJCO 2DA 1Q?Q0
LNK@Q?A@ EJ PDA J=0=H L=00=CAQ ?KJP=EJO = NET KB =JPE B E?NK>E=H B KHA?QHAO OE I EH=N PK PDKOA BKQJ@ EJ PA=NO =J@
O=HER= A C HUOKVU R A H=?PKBANNEJ H=7PKLANKTE@=0A 1A?NAPEKJO EJ PDA PN=?DA= =J@ HQJCO =HOK ?KJP=EJ HUOKVU I A
=J@ H=7PKBANNEJ =0 SAH =0 = @ERANOA CNKQL KB =@@EPEKJI=H ?DA B E?=H B A@E=PKNO 0Q?D =0 PDA HELKLNKPAEJ ?K N LKAT
?=HHA@ OQNB=?P=JP SDE?D D=0 =JPE>=7PANE=H LNKLANPEAQ

#) " " 1% %) (

2DA =JPE R EPNK>E=H LALPE@AO  —+ .0 =NA = OLA?E=H ?H=00 KB JKJOLA?EBE? ?AH @ANERA@ B A@E=PKNO SEPD >NK=@ OLA?
PNQ B =JPE B EPNK>E=H LNKLANPEAO 1K BA —+ .0 =NA LNK@Q?A@ NKQPEJAHU >U PDA >K@U SDANA=0 KPDANO =NA LNE B =NEHU
LNK@Q?A@ KN LNK@Q?A@ EJ CNA=PAN MQ=JPEPEAO EJ NAOLKJOA PK PDA LNAOAJ?A KB =J EJR=@EJC L=PDKCAJ OA0A=N?D D=0
>ACQJ ATLHKNEJC DKS  + .0 ?=J >A QOA@ EJ PDA @E=CJIKOEO =J@ PNA=P I AJP KB @EOA=0A

+ .0 1=UEJ@Q?A ?AlH @= 01 =CAEJ BE?NKKNC=JEO 1 0 EJ = R=NEAPU KB S=U0 EJ?HQ@EJC >U EJBHE?PEIC @= 0 =CAPK B Al
>N=JA0 @AOPNKUEJC ", =J@ O, KN EJPANBANEJC SEPD ?AH S=Hi OUJPDACEO **ALAJ@EJC KJ PDA OLA?PEBE? =JPENE
NK>E=H BA?D=JEON = L=NPE?QH=N —+ . B=U EJIDE>EP KJIHU ?ANP=EJ CNKQLO KB RE?NK>A0 AC CN=N1 LKOEPERA KN
CN=10 JAC=PERA >=7PANE= KN EP B=U>A B KNA >NK=@HU ABBA?PERA =C=EJOP >=7PANE= BQJICE LNKPKVK= =J@ RENQOA0 —+=JU

—+ .0 =NA BKQJ@ KJ PDA 0GEJ >QP PDAU ?=J =HOK >A BKQJ@ EJ KPDAN NACEKJO KB PDA >K@U

B=NEHU KB —+ .0 ?=H{A@ @ABAJOEJO ?=J >A LNK@Q?A@ >U ALEPDAHE=H ?AHHO PDNKQCDKQP PDA >K@U =0 SAH =0 >U ?AHHQH=N
@ABAJOAO 0Q?D =0 B =?NKLD=CAO0 =J@ JAQPNKLDEHO OAA OA?PEKJ **ABAJOEJO B =U >A 0A?NAPA@ KN =?P EJOE@A DKOP
?AHHO PDAU ?K B >=P BE?NKKNC=JEO B0 >U @=0=CEJC PDAEN LH=00= BAEB>N=JA0 —+ .0 ?=HHA@ >=7PANEK?EJO =NA LNK
@Q?A@ ATKCAJKQOHU >U ?ANP=EJ B A I >ANO KB PDA NAOE@AJP N E?NK>EKP= SEPDEJ PDA C=0PNKEJPAOPEJ=H PN=?P 2DA CAJAO
?K@EJC BKN PDAOA PULAO KB+ .0 =NA KBPAJ ?=NNEA@ KJ LH=0 N E@0 =J@ ?=J >A L=00A@ >APSAAJ @EBBANAJP OLA?EAQ SEPDEJ
PDA NAOE@AJP B E?NK>EKP= PDNKQCD H=PAN=H KN DKNEVKJIP=H CAJA PN=J0BAN

2DANA =NA JQ I ANKQO KPDAN —+ .0 PDNKQCDKQP PDA >K@U 2DA ?D=N=7PANEOPE?0 KB = BAS KB PDA B KNA OECJEBE?=JP
+ _0=NAOQ I E=NEVA@ EJ P=>HA
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Secreted by Body site Pathogens inhibited Mode of action

=?PANEK?EJO OAOE@AJP I EPNK>EKP= %=0PNKEJPAOPEJ=H PN="P =7PANE= "'EONQLP RAR>N=JA

#HLEPDAHE=H ?AHO
1 =PDAHE?E@ED 1 =?NKLD=CAO0 =J@ KPDAN ' 1GEJ =?PANE= =J@ BQJCE ""EONQLP RAR>N=JA
?AH PULAO

#LEPDARE=H 2AHO
$QICE >=2PANE= =J@
- —NKLD= . - e
ABAJOEJO 1 =?NKLD=CAO 2DNKQCDKQP PDA >K@U =30 REVO0AO EONQLP WA B >N=JA

JAQPNKLDEHO

""EONQLP FAE>N=JA

""AN I 2E@EJ 1SA=P CH=J@0 1GEJd =?PANE= =J@ BQJCE EJPACNEPU =J@ EKJ
?D=JJAK0
" "EONQLP EJPN="AHQH=N

=| =HER=| = —N=H ?=
&EOP=PEJO 1=HER=NU CH=J@0 N=H ?=REPU $QJICE 802K
,67A: =66681:G>HI>8H D; H:A:81:9 6CI>B>8GD7>6A E:EPP9:H % (H

% Y %TH) # U IS (

+=JU JKJOLA?EBE? EJJ=PAE 1 B QJA B=7PKNO =NA BKQJI@ EJ LH=0 I = PDA BHQE@ LKNPEKJ KB >HKK@ .H=0 B = ?KJIP=EJO AHA?
PNKHUPAO 0QC=NO HELE@O =J@ LNKPAEJO A=?D KB SDE?D DAHLO PK B =EJP=EJ DK N AKOP=0E0 EA OP=>HA EJPANJ=H >K@U
BQJ?PEKIEIC =J@ ?KIP=EJO PDA LNKPAEJO EJRKHRA@ EJ PDA ?HKPPEJC KB >HKK@  @@EPEKJ=H LNKPAEJO BKQJI@ EJ >HKK@
LH=00= 0Q?D =0 =?QPA LD=0A LNKPAEJO ?K N LHA BAJP LNKPAEJO =J@ ?UPKGEJAO =NA EJRKHRA@ EJ PDA JKJOLA?EBE?
EJJ=PAETN 1 QJANAOLKJOA

$65¢& )"4& 305&*/4

2DA =?QPA LD=0A LNKPAEJO =NA =JKPDAN ?4=00 KB =JPE B EPNK>E=H B A@E=PKNO  ?QPA LD=0A LNKPAEJO =NA LNE I =NEHU LNK
@Q?A@ EJ PDA HERAN =J@ OA?NAPA@ EJPK PDA >HKK@ EJ NAOLKJOA PK EJBi= 1 B =PKNU N KHA?QHAO BNK B PDAEN B QJA OUCPA I
#T=1 LHAO KB =?QPA LD=0A LNKPAEJO EJ?HQ@A ¥ NA=?PERA LNKPAEJ OANQ I = BUHKE@  BANNEPEJ PN=JOBANNEJ BE>NEJKCAJ
=J@ B=JJIKOA >EJ@EJC HA?PEJ #=?D KB PDAOA LNKPAEJO D=0 = @EBBANAJP ?DA I E?=H OPNQ?PQNA =J@ EJDE>EPO KN @AOPNKUO
FEPNK>A0 EJ OK B A S=U P=>HA

T K=P0 >=7PANE= KLOKJEV=PEKJ LNAL=NEJC PDA I BKN EJCAOPEKJ >U

¥ NA=7PERA LNKPAEJ LD=CK?UPAO
1ANQ I =N UHKE@ 1=7 OPE B QH=PA PDA OA?NAPEKJ KB **  BNK I JAQPNKLDEHO

EJ@ =J@ OAMQAOPAN ENKJ PDANA>U EJDE>EPEJC PDA CNKSPD KB

SANNEPEJ L=PDKCAJO

$ANNEPEJ OUJPDAOEO EJ?NA=0A0 =0 = JKJOLA?EBE? NAOLKJOA =OLA?P KB
2N=JO0BANNEJ PDA CAJAN=H L=PPANJ KB PDA OUOPA I E? ABBA?PO KB EJBH= I I =PEKJ
PN=JOBANNEJ EO ?KJIOE@ANA@ = JAC=PERA =?QPA LD=0A LNKPAEJ

*JRKHRA@ EJ BKN B =PEKJ KB >HKK@ ?HKPO PD=P PN=L >=?PANE=H

>|
$E>NEIKCAT L=PDKCAJO

+=JJKO0A >EJ@EJC HAPPED ?PER=PAO0 7K I LHA B AJP ?=0?=@A

,67A: +DB: 68J1: E=6H: EGDI:>CH 6C9 1=:>G ;JC8I>DCH
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2DA ?K 1 LHA B AJP OUOPA I EO = CNKQL KB LH=0 I = LNKPAEJ N A@E=PKNO PD=P ?=J =?P =0 =J EJJ=PA JKJOLA?EBE? @ABAJOA
SDEHA =HOK 0ANREJC PK ?KJJA?P EJJ=PA =J@ =@=LPERAEN B QJEPU 2DA ?K I LHA 1 AJP OUOPA I EO ?K I LKOA@ KB B KNA PD=J
LNKPAEJO EJ?HQ@EJC ' PDNKQCD T  PD=P JKN I =H{U ?EN?QH=PA =0 LNA?QNOKN LNKPAEJO EJ >HKK@ 2DA0A LNA?QNOKN
LNKPAEJO >A?K B A =?PER=PA@ SDAJ PNECCANA@ >U = R=NEAPU KB B=7?PKNO EJ?HQ@EJC PDA LNAOAJ?A KB B E?NKKNC=JEO RO
TK I LHA B AJP LNKPAEJO =NA ?KJOE@ANA@ L=NP KB EJJ=PA JKJOLA?EBE? E N B QJEPU >A?=Q0A PDAU =NA =HS=U0 LNAOAJP EJ
PDA >HKK@ =J@ PEOOQA BHQE@O =HHKSEJC PDA I PK >A =7PER=PA@ MQE?GHU HOK SDAJ =?PER=PA@ PDNKQCD PDA =HPANJ=PERA
L=PDS=U @AQ?NE>A@ H=PAN EJ PDEO 0A?PEKJ ?K I LHA B AJP LNKPAEJO P=NCAP L=PDKCAJO EJ = JKJOLA?EBE? B =JJAN

2DA LNK?A00 >U SDE?D ?EN?QH=PEJC ?K I LHA B AJP LNA?QNOKNO >A?K I A BQJI?PEKJI=H EO ?=HHA@ complement activation
2DE0 LNK?AQ0 EO = ?=0?=@A PD=P ?=J >A PNECCANA@ >U KJA KB PDNAA @EBBANAJP B A?D=JE0 B0 GJIKSJ =0 PDA =HPANJ=PERA
?4=00E?=H =J@ HA?PEJ L=PDS=U0

2DA =HPANJ=PERA L=PDS=U E0 EJEPE=PA@ >U PDA OLKJIP=JAKQO =?PER=PEKJ KB PDA ?K I LHA B AJP LNKPAEJ ¥  2DA DU@NKH
UOEO KB T LNK@Q?A0 PSK LNK@Q?P0 ' ==J@ ¥ > SDAJ JK EJR=@AN BE?NK>A0 =NA LNAOAJP T > EO RANU MQE?GHU
@ACN=@A@ EJ = DU@NKHUOEO NA=?PEKJ QOEJC PDA S=PAN EJ PDA >HKK@ &KSARAN EB EJR=@EJC BE?NK>AQ0 =NA LNACAJP I >
=PP=7?DA0 PK PDA OQNB=7A KB PDACA BE?NK>A0 —J?A =PP=?DA@ ! > SEHH NA?NQEP KPDAN ?K I LHA B AJP LNKPAEJO EJ = ?=0
?=@A BECQNA

2DA ?H=00E?=H L=PDS=U LNKRE@AO = B KNA ABBE?EAJP NA?D=JE0N KB =?PER=PEJC PDA ?K N LHANAJP ?=0?=@A >QP EP
@ALAJ@0 QLKJ PDA LNK@Q?PEKJ KB =JPE>K@EAO >U PDA OLA?EBE? =@=LPERA EN B QJA @ABAJOAO 2K EJEPE=PA PDA ?H=00E?=H
L=PDS=U = OLA?EBE? =JPE>K@U B QOP BENOP >EJ@ PK PDA L=PDKCAJ PK BKN I =J =JPE>K@U =JPECAJ ?K N LHAT 2DEO =7PE
R=PAO PDA BENOP LNKPAEJ £EJ PDA 7K I LHA B AJP ?=07=@QA PDA T ?K N LHAT 2DA I 7K B LHAT EO = N QHPEL=NP LNKPAEJ ?K I
LHAT =J@ A=?D ?K I LKJAJP L=NPE?EL=PAQ EJ PDA BQH =?PER=PEKJ KB PDA KRAN=H{ ?K I LHAT $KHKSEJIC NA?NQEP I AJP =J@
=7PER=PEKJ KBPDA ¥ ?K I LHAT PDA NA I =EJEJC ?H=00E?=H L=PDS=U ?K I LHA B AJP LNKPAEJO =NA NA?NQEPA@ =J@ =?PER=PAQ@
EJ = ?=0?=@EJIC OAMQAJ?A BECQNA

2DA HA?PEJ =?PER=PEKJ L=PDS=U EO OF I E4=N PK PDA ?4=00E?=H L=PDS=U >QP EP EO PNECCANA@ >U PDA >EJ@EJC KB §=JJIKOA
>EJ@EJC HAPPEJ =J =?QPA LD=0A LNKPAEJ PK ?=N>KDU@N=PAO KJ PDA B E?NK>E=H OQNB=?A *EGA KPDAN =?QPA LD=0A LNK
PAEJO HA?PEJO =NA LNK@Q?A@ >U HERAN ?AHHO =J@ =NA ?K I B KJHU QLNACQH=PA@ EJ NAOLKJOA PK EJBH= N B =PKNU OECJ=HO
NA?AERA@ >U PDA >K@U @QNEJC =J EJBA?PEKJ BECQNA

alternative

pathway
c3
88 membrane attack
$5 complex
classical antibody-antigen %_ § C3a /
pathway complex 33
= C6
- c7

Cl—»C2,C4—» C3— C3h— C5 —» C5h —» cs

T fooy %

lectin mannose-binding C3a Cha
pathway lectin

><JG: ,=: 1=G:: 8DBEA:B:Cl 68I>K61>DC E61=L6NH =6K: 9>;;:6:Cl 1G><<:GH 6H H=DL.C =:G: 7JI
6M 1=G:: G:HJAI >C I=: 68I>K6I>DC D; I=: 8DBEA: B:Cl EGDI:>C L=>8=EGD9J8:H 66C9 7 ,=:
A611:G 7>COH ID I=: HJG;68: D; 1=: 166<:1 8:A 6C9 I=:C LDG@H L>I= DI=:G 8DBEA: B:Cl EGDI:>CH ID 84:6K:
>CID 66C9 7 7 6MD 7>COH ID I=: 8:MHJG;68: 6C9 I=:C G:86I>IH 1=6DJ<= I=:H:
BDA:8JA:H ;DGB 6 G>C< HIGJ8IJG: 86M:9 I1=: B:B7G6C: 61168@ 8DBEA:M % L=>8= EJC8=:H
1=6DJ<= I=: 8:M B:B7G6C: D; I=: >CK69>C< E61=D<:C 86JIH>C<>I ID HL:M 6C9 7JCHI _><JG:
9:HBG>EI>DC 6KB>A67A: 61 I1=: :C9 D; I=: 8=6EI:G
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HPDKQCD A=?D ?K I LHA B AJP =?PER=PEKJ L=PDS=U EO EJEPE=PA@ EJ = @EBBANAJP S=U PDAU =H{ LNKRE@A PDA 0=KA LNK
PA?PERA KQP?K B A0 KLOKJEV=PEKJ EJBH=N0 B=PEKJ ?DA B KP=TE0 =J@ ?UPKHUOEO 2DA PAN I KLOKJEV=PEKJ NABANO PK PDA
?K=PEJC KB = L=PDKCAJ >U = ?DARE?=H 0Q>0P=J?A ?=tHA@ =J KLOKJEJ PD=P =HHKSO LD=CK?UPE? ?AH0 PK NA?KCJIEVA
AJCQH =J@ @AOPNKU EP B KNA A=0EHU —LOKJEJO BNK B PDA ?K B LHARAJP ?=0?7=QA EJ?HQ@A ' M ¥ > =J@ ¥ > (@@t
PEKJ=H E B LKNP=JP KLOKJEJO EJ?HQ@A B=JJIKOA >EJ@EJC LNKPAEJO =J@ =JPE>K@EAO 2DA ?K I LHARAJPBN=CHAJPO ¥ =
=J@ ¥ = =NA SAH ?D=N=?PANEVA@ =J=LDUH=PKTEJO SEPD LKPAJP LNKEJBH= 1 N =PKNU BQJI?PEKJO  J=LDUH=PKTEJO =7PE
R=PA B =0P ?AHH0 ?=QOEJC @ACN=JQH=PEKJ =J@ PDA NAHA=0A KB EJBH= 1 B =PKNU ?DA B E?=H OECJ=H0 EJ?HQ@EJC N A@E=PKNO
PD=P ?=Q0A R=0K@EH=PEKJ =J@ EJ?NA=0A@ R=0?QH=N LAN B A=>EHEPU ¥ =EO0 =HOK KJA KB PDA N KOP LKPAJP ?DA I K=PPN=?P=JP0
BKN JAQPNKLDEHO =J@ KPDAN SDEPA >HKK@ ?AHH0 ?AHHQH=N @ABAJOAOQ PD=P SEH >A @EO?QO0A@ EJ PDA JATP 0A?PEKJ

2DA?PKNLHANAJPLNKPAEJO T & & =J@ ' =00AN>HAEJPK = BAN>N=JA=PP=7G ?K B LHAT + 1 SDE?D =HKSO0
T PK LKHU R ANEVA EJPK LKNAO EJ PDA TA B >N=JA0 KB CN=0 JAC=PERA >=7PANE= 2DA0A LKNAO =HiKS S=PAN EKJO =J@
KPDAN I KHA?QHAO PK I KRA BNAAKU EJ =J@ KQP KB PDA P=NCAPA@ ?AHH0 ARAJPQ=HHU HA=@EJC PK ?AHi HUOEO =J@ @A=PD KB PDA
L=PDKCAJ P=>HA &KSARAN PDA + I EQ KJHU ABBA?PERA =C=EJOP CN= 1 JAC=PERA >=7PANE= EP ?=JJKP LAJAPN=PA PDA
PDE?G H=UAN KB LALPE@KCHU?=J =00K?E=PA@ SEPD ?AHH S=HH0 KB CN= 1 LKOEPERA >=7PANE= 1EJ?A PDA + I @KAO JKP LKOA
= HAPD=H PDNA=P PK CN= 1 LKOEPERA >=7PANE=H L=PDKCAJO ?K I LHA B AJP N AQ@E=PA@ KLOKJEV=PEKJ EO B KNA E I LKNP=JP BKN
PDAEN ?HA=N=J?A
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Cytokines =NA OKHQ>HA LNKPAEJO PD=P =?P =0 7K I B QJE?=PEKJ 0ECJI=H0 >APSAAJ ?AHH0 *J = JKIJOLA?PEBE? EJJ=PAEN B QJA
NAOLKJOA R=NEKQO ?UPKGEJAO B =U >A NAHA=0A@ PK OPE I QH=PA LNK@Q?PEKJ KB ?DA N E?=H B A@E=PKNO KN KPDAN ?AHH BQJ?
PEKJO 0Q?D =0 ?AHH LNKHEBAN=PEKJ ?AHH @EBBANAJPE=PEKJ EJDE>EPEKJ KB ?AHH @EREOEKJ =LKLPKOEO =J@ ?DA I KP=TEQ

5DAJ = 2UPKGEJA >EJ@0 PK EPO P=NCAP NA?ALPKN PDA ABBA?P ?=J R=NU SE@AHU @ALAJ@EJC KJ PDA PULA KB ?UPKGEJA =J@
PDA PULA KB ?AH KN NA?ALPKN PK SDE?D EP D=0 >KQJ@ 2DA BQJ?PEKJ KB = L=NPE?QH=N ?UPKGEJA ?=J >A @AO?NE>A@ =0
=QPK?NEJA L=N=7NEJA KN AJ@K?NEJA P=>HA 'J =QPK?NEJA BQJI?PEKJ PDA O=NH A ?AHH PD=P NAHA=0AO PDA ?UPKGEJA
EO PDA NAZELEAJP KB PDA OECJ=H EJ KPDAN SKN@0 =QPK?NEJA BQJ?PEKJ EO = BKN N KB OAHB OPE N QH=PEKJ >U = ?AHH *J
?KIPN=0P L=N=?NEJA BQJI?PEKJ EJRKHRAO PDA NAHA=0A KB ?UPKGEJAO BNK I KJA ?AHH PK KPDAN JA=N>U ?AH{0 OPE I QH=PEJC
OK 1A NAOLKJOA BNK B PDA NAPELEAJP ?AHHO *=0P AJ@K?NEJA BQJ?PEKJ K??QNO SDAJ ?AHHO NAHA=0A ?UPKGEJAO EJPK PDA
SHKK@OPNA= 1 PK >A ?=NNEA@ PK P=NCAP ?AHH0 B Q?D B=NPDAN =S=U

Autocrine Paracrine Endocrine

1= 1 A ?AH 0A?NAPAO =J@ NA?AERAO ?UPKGEJA T UPKGEJA OECJI=H 0A?NAPA@ PK ?EN?QH=PKNU
TUPKGEJA OECJ=H OA?NAPA@ PK = JA=N>U ?AHH
OECI=H 0 OUOPA I PN=RAHO PK @EOP=JP ?AHHO
S = secreting SEsds
( ‘“j & = el F
I @ \ @ ) -
< = T N
o 75 5 oo _®oe <t S ]
Lo ee ! B e %;ﬁa—mood
> * L | vessel
\/ receptor —J"\" ﬁ'x J\r -llx
distant
O responding — 6
cytokines cell

nearby responding cell
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2DNAA E I LKNP=JP ?4=00A0 KB ?UPKGEJAQ =NA PDA EJPANHAQGEJO ?DA I KGEJAO =J@ EJPANBANKJO 2DA EJPANHAQGEJO SANA
KNECEJ=H{U PDKQCDP PK >A LNK@Q?A@ KJHU >U HAQGK?UPAO SDEPA >HKK@ ?AHO0 =J@ PK KJHU OPE B QH=PA HAQGK?UPAO PDQO
PDA NA=OKJO BKN PDAEN J=0A HPDKQCD EJPANHAQGEJO =NA EJRKHRA@ EJ B K@QH=PEJC =H B KOP ARANU BQJ?PEKJ KB PDA
EN FQJAQUOPA I PDAEN NKHA EJ PDA >K@U EO JKP NAOPNE?PA@ PK E N B QJEPU "JPANHAQGEJO =NA =HOK LNK@Q?A@ >U =J@ OPE I
QH=PA = R=NEAPU KB ?AHH0 QINAH=PA@ PK ET B QJA @ABAJOAOD

2DA ?DA 1 KGEJAO =NA ?DA I KP=?PE? B=PKNO PD=P NA?NQEP HAQGK?UPAOQ PK OEPAQ KB EJBA?PEKJ PEOOQA @=1=CA =J@ EJBH=1
1 =PEKJ *J ?KJIPN=0P PK B KNA CAJAN=H ?DA I KP=7PE? B=?PKNO HEGA ?K I LHA R AJPB=?PKN ¥ = ?DA I KGEJAO =NA RANU OLA
?EBE? EJ PDA 0Q>0APO KB HAQGK?UPAO PDAU NA?NQEP

*JPANBANKJO =NA = @ERANOA CNKQL KB EN FQJA OECI=HJC N KHA?QHAO =J@ =NA AOLA?E=HHU E B LKNP=JP EJ KQN @ABAJOA
=C=EJOP RENQOAO 22ULA " EJPANBANKJO EJPANBANKJ  =J@ EJPANBANKJ  =NA LNK@Q?A@ =J@ NAHA=0A@ >U ?AHHO EJBA?PA@
SEPD = RENQO 2DA0A EJPANBANKJO OPE Il QH=PA JA=N>U ?AHH0 PK OPKL LNK@Q?PEKJ KB B0,  @AOPNKU O, =HNA=@U LNK
@Q?A@ =J@ NA@Q?A LNKPAEJ OUJPDAOEO 2DA0A ?AHHQH=N ?D=JCAQ EJDE>EP REN=H NALHE?=PEKJ =J@ LNK@Q?PEKJ KB N =PQNA
RENQOAO OHKSEJC PDA OLNA=@ KB PDA RENQO 2ULA * EJPANBANKJO =HOK OPE I QH=PA R=NEKQO E I B QJA ?AHHO EJRKHRA@ EJ REN=H
PHA=N=J?A PK B KNA =CCNAOOERAHU =PP=7G RENQO EJBA?PA@ ?AHHO 22ULA ** EJPANBANKJ EJPANBANKJ  EO =J E N LKNP=JP =7PE
R=PKN KBE N B QJA ?AHH0 BECQNA

Signals neighboring

1 I KRR 1 uninfected cells to
# 1 ) $# " ) # destroy RNA and
.. )$ - ( reduce protein

synthesis

+=JU KB PDA ?DA 1 E?=H N A@E=PKNO @E0?Q00A@ EJ PDEO 0A?
PEKI ?KIPNE>QPA EJ OKBA S=U PK EJBH=N B=PEKI =J@
BARAN SDE?D =NA JKJOLA?EBE? EN B QJA NAOLKJOAO @EO
?Q00A@ EJ 1 KNA @AP=EH EJ 0A?PEKJ TUPKGEJAO OPERQ
H=PA PDA LNK@Q?PEKJ KB =?QPA LD=0A LNKPAEJO 0Q?D =0 !
NA=?PERA LNKPAEJ =J@ B=JJKOA >EJ@EJC HA?PEJ EJ PDA
HERAN 2DA0A =?QPA LD=0A LNKPAEJO =7P =0 KLOKJEJO =7PE
R=PEJC ?K I LKA B AJP ?=0?=@A0 PDNKQCD PDA HA?PEJ L=PD
S=u

N\ Signals neighboring
| infected cells to
/' undergo apoptosis

interferon o |

Activates
immune cells

1K BA 2UPKGEJAO =HOK >EJ@ N=0P ?AH0 =J@ >=OKLDEHO 4
EJ@Q?EIC PDA N PK NAKA=OA DEOP=NEJA = LNKEJBH=N N =

><JG: I1CI:G;:GDCH 6G: 8NID@C:H G:A:6H:9 7N 6 8:M >C;:8I:9
PKNU ?K I LKQJ@ &EOP=HEJA NA?ALPKNO =NA BKQJ@ KJ =

L>1= 6 K>GJH ICI:G;:GDC  6C9 >Cl:G;:6DC  H><C6A JC>C;:8I:9

R=NEAPU KB ?AH0 =J@ N A@E=PA LNKEJBH=1 N =PKNU ARAJPO
0Q?D =0 >NKJ?DK?KJOPNE?PEKJ PECDPAJEJC KB PDA =EN
S=U0 =J@ 0 R KKPD N QO?HA ?KJIPN=7PEKJ

'J =@@EPEKJ PK DEOP=REJA 1 =0P ?AHHO N =U NAHA=0A KPDAN
?DA 1 E?=H 1 A@E=PKNO 0Q?D =0  HAQGKPNEAJAQ
*AQGKPNEAJAQ =NA HELE@ >=0A@ LNKEJBH=1 B =PKNU B A@E

=PKNO PD=P =NA LNK@Q?A@ BNKE PDA N AP=>KHON KB
=N=7?DE@KJE? =7t@ EJ PDA ?AH BAN>N=JA KB HAQGK?UPAO
=J@ PEOOQA ?AHH0 T K B L=NA@ SEPD PDA LNKEJBH=0 B =PKNU
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ABBA?PO KB DEOP= R EJA PDKOA KB HAQGKPNEAJAO =NA B KNA LKPAJP =J@ HKICAN H=0PEJC 2KCAPDAN PDAOA ?DA NE?=H B A@E=
PKNO ?=J EJ@Q?A ?KQCDEJC RK BEPEJC =J@ @E=NNDA= SDE?D OANRA PK ATLAH L=PDKCAJO BNK I PDA >K@U
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T ANP=EJ ?UPKGEJAO =HOK OPE B QH=PA PDA LNK@Q?PEKJ KB LNKOP=CH=J@EJO ?DA BE?=H N A@E=PKNO PD=P LNK N KPA PDA EJBH=1I

1 =PKNU ABBA?PO KB GEJEJO =J@ DEOP= B EJAO _NKOP=CH=J@EJO ?=J =HOK DAHL PK OAP PDA >K@U PA I LAN=PQNA DECDAN HA=@EJC
PK BARAN SDE?D LNK N KPAO PDA =?PEREPEAO KB SDEPA >HKK@ ?AHH0 =J@ OHECDPHU EJDE>EPO PDA CNKSPD KB L=PDKCAJE?
1 EPNK>A0 0AA QA?PEKJ

JKPDAN EJBH= N B =PKNU B AQ@E=PKN >N=@UGEJEJ ?KJPNE>QPAO PK A@A I = SDE?D K??QN0 SDAJ BHQE@O0 =J@ HAQGK?UPAOD
HA=G KQP KB PDA >HKK@OPNA=1 =J@ EJPK PECOQAO 2DE0 N A@E=PKN >EJ@0 PK NA?ALPKNO KJ ?AHHO EJ PDA ?=LEH=NU S=H{0
?=QOEJC PDA ?=LEH=NEAQ PK @EH=PA =J@ >A?K B A 1 KNA LAN I A=>HA PK BHQE@O

2=>HA LNKRE@AO = 0Q I 1 =NU KB PDA ?DA I E?=H @ABAJOAO @E0?QO00A@ EJ PDEO OA?PEKJ

TDARE?=H0 =J@ AJVU 1 A0 EJ >K@U BHQE@O

JPE B EPNK>E=H LALPE@AO

_H=0 1= LNKPAEJ I A@E=PKNO

TUPKGEJAO

*JBH=1 B =PEKJ AHE?EPEJC B A@E=PKNO

1A>Q I BNK I 0A>=?AKQO Ch=J@0

—HAE? =7E@ BNK B 0A>Q I =J@ OGEJ
1 E2NK>EKP=

*UOKVU I A EJ 0A?NAPEKJIO
?E@ EJ OPK B =?D QNEJA =J@ R=CEJ=

*"ECAOPERA AJVU 1 A0 =J@ >EHA

*=7PKBANNEJ =J@ PN=J0BANNEJ

1QNB=2P=JP £J HQJCO

""ABAJOEJO >=?PANEK?EJO @AN Il ?E@EJ
?=PDAHE?E@EJ DEOP=PEJO

?QPA LD=0A LNKPAEJO T NA=?PERA LNKPAEJ
OANQ I =N UHKE@  BANNEPEJ BE>NEJKCAJ
PN=JOBANNEJ =J@ N =JJIKOA >EJ@EJC HA?PEJ

IKILHARAJPO I >=3@ 1 >

TKELHARAIP T =

TKELHABAJIPO ! ==J0@ ! =

' JPANHAQGEJO

T DA 1 KGEJAO

" JPANBANKJO

&EOP=NEJA

*AQGKPNEAJAQ

$O #(( URHS

- NKRE@AOQ KEH >=NNEAN LNKPA?PEJC D=EN BKHHE?HA
LKNAO BNK I L=PDKCAJO

*KSANO L& PK EJDE>EP L=PDKCAJO

)EHHO >=2PANE= >U =PP=?GEJC ?AHt S=Hi
* IDE>EPO KN GEHHO >=7PANE=
)EHH >=?PANE=

£J@ =J@ OAMQAOPAN ENKJ EJDE>EPEIC
>=7PANE=H CNKSPD

)EHHO >=7PANE=
DEHH >=2PANE= >U =PP=?GEJC B A B >N=JA0 KN
EJPANBANEJC SEPD ?AHH BQJ?PEKJO

* IDE>EP PDA CNKSPD KB >=?PANE= =J@ =00EOP EJ
PDAPN=LLEJC =J@ GEHEIC KB >=2PANE=

—LOKJEV=PEKJ KB L=PDKCAJO PK =E@
LD=CK?UPKOEO

T DA I K=PPN=?P=JP BKN LD=CK?UPAO
-NKEJBH= 1 B =PKNU =J=LDUH=PKTEJO

1PENQH=PA=J@ N K@QH=PA I KOP BQJI?PEKJO KB
EN FQJAQUOPAT

OA?NQEP SDEPA >HKK@ ?AHHO PK EJBA?PA@ =NA=

HANP ?AHO0 PK REN=H EJBA?PEKJ EJ@Q?A
=LKLPKOEO KB RENQO EJBA?PA@ ?AHH0 EJ@Q?A
=JPEREN=H @ABAJOAQ EJ EJBA?PA@ =J@ JA=N>U
QJEJBA?PA@ ?AHHO OPE B QH=PAE N B QJA ?AHH0 PK
=PP=?G RENQO EJBA?PA@ ?AHHO

-NK I KPAO R=0K@E#=PEKJ
SNKJ?DK?KJOPNE?PEKI 0 I KKPD B QOPHA
2KIPN=2PEKJ EJ2NA=0A@ OAPNAPEKJ =J@
1 Q?Q0 LNK@Q?PEKJ

-NK B KPAEJBH= N B=PEKJ OPNKJICAN =J@
HKICAN #=0PEJC PD=J DEOP= REJA
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-NKOP=CH=J@EJO NKEKPAEJBH= 1 B =PEKJ =J@ BARAN
_ *J?NA=0A0 R=0K@EH=PEKJI =J@ R=0?QH=N
N=BUGEJED LAN B A=>EHEPU HA=@EJC PK A@A I =
,67A: =:B>86A 9:;:CH:H D; CDCHE:8>;>8 >CC6I: > BBJC>IN

1.5 CELLULAR DEFENSES

*J PDA LNAREKQO 0A?PEKJ SA @E0?Q00A@ OK I A KB PDA ?DA RE?=H N A@E=PKNO BKQJ@ EJ LH=0 N = PDA BHQE@ LKNPEKJ KB
SHKK@ 2DA JKJBHQE@ LKNPEKJ KB >HKK@ ?KJOEOPO KB R=NEKQO PULAO KB BKN I A@ AHA I AJPO OK ?=HHA@ >A?=QOA PDAU =NA =HH
BKN B A@ BNK I PDA 0= 1 AOPA I ?AHH0 BKQJ@ EJ >KJA B =NNKS 2DA PDNAA B =FKN ?=PACKNEAO KB BKN I A@ AHA 1 AJPO =NA NA@
SHKK@ ?AHH0 O 10 =HOK ?=HHA@ ANUPDNK?UPAO LH=PAHAPO =HOK ?=HHA@ PDNK I >K?UPAO =J@ SDEPA >HKK@ ?AH0 5 10
=HOK ?=HHA@ HAQGK?UPAQ

OA@ >HKK@ ?AHHO =NA LNE B =NEHU NAOLKJOE>HA BKN ?=NNUEJC KTUCAJ PK PEOOQAQ . H=PAHAPO =NA ?ARHQH=N BN=C § AJPO PD=P L=N
PE?EL=PA EJ >HKK@ 7HKP BKN B =PEKJ =J@ PEOOQA NAL=EN 1ARAN=H @EBBANAJP PULAO KB 5 10 L=NPE?EL=PA EJ R=NEKQO JKJ
OLA?EBE? BA?D=JEO B0 KB EJJ=PA =J@ =@=LPERA EN B QJEPU *J PDEO OA?PPEKJ SA SEHH BK?QO LNE B =NEHU KJ PDA EJJ=PA
1 A?D=JE0 10 KB R=NEKQO PULAOKB S 10

TSRS ((

HH KB PDA BKN B A@ AHA I AJPO KB >HKK@ =NA @ANERA@ BNK I LHQNELKPAJP DA I =PKLKEAPE? OPA R ?AH0 &1 10 EJ PDA >KJA
I1=NNKS OPDA&110 B=GA?KLEAC KBPDA I 0AHRAQ EJ PDA >KJA 1 =NNKS EJ@ERE@Q=H ?AHHO NAPAERA @EBBANAJP ?QAC BNK I
PDA >K@U PD=P ?KJPNKH DKS PDAU @ARAHKL =J@ B =PQNA 0 = NAOQHP PDA &1 10 @EBBANAJPE=PA EJPK @EBBANAJP PULAO KB
>HKK@ ?AHHO PD=P KJ?A B =PQNA ?7EN?QH=PAEJ LANELDAN=H >HKK@ 2DE0 LNK?AQO KB @EBBANAJPE=PEKJ ?=HHA@ DA I =PKLKEAOEQ
EO ODKSJ EJ B KNA @AP=EH EJ BECQNA

*J PAN 10 KB ODAAN JQ I >ANO PDA R=0P N =FKNEPU KB &1 10 >A?K B A ANUPDNK?UPAO —+Q?D O I =HiAN JQ I >ANO >A?K T A
HAQGK?UPAO =J@ LH=PAHAPO *AQGK?UPAO ?=J >A BQNPDAN 0Q>@ERE@A@ EJPK CN=JQHK?UPAO SDE?D =NA ?D=N=7PANEVA@ >U
JQ I ANKQO CN=JQHAO REOE>HA EJ PDA ?UPKLH=0N =J@ =CN=JQHK?UPA0 SDE?D #=?G CN=JQHAQ 2=>HA LNKRE@AO =J
KRANREAS KB PDA R=NEKQO PULAQ KB BKN I A@ AHA B AJPO EJ?HQ@EJC PDAEN NAH=PERA JQ I >ANO LNE B =NU BQJ?PEKJI =J@ HEBAO

L=J0
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@

. - After division,
multipotent hematopoietic 3
some cells remain
stem cell (hemocytoblast)
stem cells.

‘ Stem cells go down one of two paths, depending *
P on the chemical signals received. =
( ] f )
@ @

myeloid stem cell lymphoid stem cell

1

4 Y
‘ .\
[ |
-

myeloblast

» e

ol e =
- ‘ r_" erythrocyte mast cell
Y \‘L

megakaryocyte

.

small lymphocyte

N\

natural killer cell
(large granular
lymphocyte)

l

N,

| &

S

T lymphocyte B lymphocyte

7 % g A N
b
platelets basophil  neutrophil eosinophil monocyte Qv‘/
| plasma cell
macrophage dendritic cell
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7DC: B6GGDL _><JG: 9:HBG>EIDC 6K6>467A: 61 I=: :C9 D; I=: 8=6EI:G
Numbers
Present per Appearance in
Formed - Total : 5 Summary of
Major Subtypes Microliter( L) Standard Blood : Comments
Element leukocytes (%) and Mean Smear Functions
(Range)
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OP=EJEJIC JQ?HAQO K@U @ABAJOAO KB QOQ=HU = BAS
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>CBAJ9>C< CN=JQHAO EJ EJJ-PA T =??KN@EJC PK
C: JIGDE=>AH 2UPKLH=0 I NAOEO_P-J?A PK TAR>N=JA >KQJ
:DH>CDE=>}H 6C9 JQ?HAQO o OA—O_A ' @ CN=JQHAO EJ
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Formed : Total
Element Major Subtypes leukocytes (%)
» AQPNKLDEHO
#KOEJLDEHO
=0KLDEHO

<G6CJADBNI:H
>CBAJO>C<
ANBE=D8NI:H 6C9
BDCD8NI:H

$0

*yg e

Numbers
Present per

Microliter( L)
and Mean
(Range)

*H (G

Appearance in
Standard Blood
Smear

. Q2HAQO HK>A0
EJ?NA=0A SEPD
=CA LH=?A HEH=?
CN=JQHAD

, Q?HAQO
CAJAN=HHU
PSK HK>A@
SNECDP

NA@ KN=JCA
CN=JQHAO

» Q?HAQO
CAJAN=HHU

PSK HK>A@ >QP
@EBBE?QHP PK 0AA
@QA PK LNAOAJ?A
KB DA=RU @AJOA
@=NG LQNLHA
CN=JQHAO

*29G =>QJ@=JP
CN=JQHAO EJ
2UPKL#=O N D=RA
= OF I LKA 0D=LAQ@

JQ2HAQ0 PD=P 1 =U

>A EJ@AJIPA@

Summary of
Functions

- D=CK?UPE?
L=NPE?QH=NHU
ABBA?PERA =C=EJOP
>=?PANE= NAHA=0A
?UPKPKTE?
?DARE?=HOBNK I
CN=JQHAO

- D=CK?UPE? ?AH0
L=NPE?QH=NHU
=7PERA SEPD
=JPECAJ =JPE>K@
U ?K I LHATAO
NAHA=0A
@ACN=@=PERA
AJVU A0 PKTE?
LNKPAEJO =J@
=JPEDEOP= B EJAO
?K I >=P L=N=0EPE?
EJBA?PEKJO

-NK EJBH=10 B =PK
NU

K@U @ABAJOAO
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Numbers

Present per Appearance in
Microliter( L) [ Standard Blood
and Mean Smear

(Range)

Total
leukocytes (%)

Summary of
Functions

Formed

Element Comments

Major Subtypes

* JEPE=H ?AHHO
KNECEJ=PA >KJA

- NE I =NE
OLAZEEE? v 1=NNKS >QP
o 0A?KJI@=NU
U FLDK?UPAD 1LDANE?=H 20  =@=LPRA Ko Q@)PEK g
SEPD = 0EJCHA ERNQJEPU 2 K”QNO'EJ
KBPAJ H=NCA 2AH0 @ENAPPHU o
0 HU I LD=PE? PEOOQA
JQHAQO =PP=7G KPDAN 2AH0 o " i
K?2QLUEJC 1Q?D = 2AHQH=N 0 Q>PUL 0 '
KB PDA 2AHO ER 1QJEPU LA 1K 2440
RKHQ WA OP=EJO | 2AHO NAHA=OA KL —BPAN
LQNLHA OAAJEJ  =JPE>K@EAO -
H—QNCA J=PQN=H DQ1 Kﬁ—H ATLKOQNA PK =
- S - L=PDKCAJ =J@

GEHHAN 2AH0 =J@ EN IQJEPU
o=t =302 J=PON=H GEHHAN
?AHH0 R=NE=JPO ?AHHO =NA OE I EH=N

N=LE@HU EJ?NA=0A
EJ NAOLKJOA PK

>
PK 2 2AH0 >QP i%%“éﬁfp
KJOLA?EBE?
JKJO HEBAOL=J KB §=JU
UA=NO
AANU ABBA?PERA
LD=CK?UPE? 2AHH0
HKIHPHD LAKCAIOKE | A NS
= > =
*ENCA SKNJ K(jP 2AH0 NAB:ZNNA@ PK =0
HAQGK?UPA D=0=J ' N
£ IGAIPAD KN =HOK OANRA =0 1 =?NKLD=CA0
DKNOAODKA 0D=Lp | ~JPECAJ LNAOAJPE =J@ @AJ@NEPE?
8 J0HAQD T JCoAHO .10 2AHO =BPAN
' KN KPDAN HA=REJC PDA
2K ELKJAJPOKB  ?EN?QH=PEKJ
PDAEN 1QJA
OUOPA I
¥ ARHQH=N
(461:4:H N=C B AJPO SKN EA@BNK I
0OMKQI@AG >U = &A 1 KOP=0E0 1 AC=G=NUK?UPAO
Licon e ~  NAHA=OACNKSPD  PD=PNAB=EJEJ
T B=7PKNO BKN NAL=EN = PDA NA@ >KJA
TAI>N=JA=J@ 0 @ >KJ
KIPEIEIC =J@ DA=HEIC KB 1=NNKS =J@
'CN_ M0 PEJ0 PEOOQA ODA@ LH=PAHAPO
- - EJPK 2EN?QH=PEKJ
LQNLHKA Q
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2DA R=NEKQO PULAQ KB CN=JQHK?UPAQ ?=J >A @EOPEJCQEODA@ BNK I KJA =JKPDAN EJ = >HKK@ O B A=N >U PDA =LLA=N=J?A KB
PDAEN JQ?HAE =J@ PDA ?KJPAJPO KB PDAEN CN=JQHAO SDE?D ?KJBAN @EBBANAJP PN=EP0 BQJ?PEKJO0 =J@ OP=EJEJC LNKLANPEAO
2DA JAQPNKLDEHO =HOK ?=HHA@ LKHU B KNLDKJQ?HA=N JAQPNKLDEHO .-+ ,0 D=RA=JQ?HAQO SEPD PDNAA PK BERA HK>A0 =J@
0ON=H JQ N ANKQO HeH=? ?KHKNA@ CN=JQHAO #=?D HK>A KB PDA JQ?HAQO E0 ?KIJA?PA@ >U = PDEJ OPN=J@ KB N =PANE=H PK PDA
KPDAN HK>A0 2DA AKOEJKLDEHO D=RA BASAN HK>A0 EJ PDA JQ?HAQO PULE?=HHU h =J@ H=NCAN CN=JQHAQ PD=P OP=EJ NA@

@EOD KN=JCA 2DA >=0KLDEHO D=RA = PSK HK>A@ JQ?HAQO =J@ H=NCA CN=JQHAQ PD=P OP=EJ @=NG >HQA KN LQNLHA BECQNA

nucleus nucleus
neutrophil eosinophil basophil

nucleus

><JG: G6CJIADBNIZH 86C 7: PHIPC<IH=:9 7N I=: CIB7:G D; AD7:H>C 1=:>6 CIBA:> 6CI I=: HI6>C>C<
EGDE:GI>:H D; 1=:>6 <G6CJA:H _><JG: 9:HBG>EI>DC 6K6>467A: 61 I1=: :C9 D; I=: 8=6EI:G

865301)*4 4

» AQPNKLDEHO .+ ,0 =NA BNAMQAJPHU EJRKHRA@ EJ PDA AHE B EJ=PEKJ =J@ @AOPNQ?PEKJ KB ATPN=AHHQH=N >=?PANE= 2DAU
=NA ?=L=>HA KB BECN=PEJC PDNKQCD PDA S=HH0 KB >HKK@ RAOOAHO PK =NA=0 KB >=?PANE=H EJBA?PEKJ =J@ PEOOQA @= N =CA
SDANA PDAU 0AAG KQP =J@ GEHH EJBAPPEKQO >=?PANE= .+ , CN=JQHAO ?KJP=EJ = R=NEAPU KB @ABAJOEJO =J@ DU@NKHUPE?
AJVU 1 AQ PD=P DAHL PDA | @AOPNKU >=?PANE= PDNKQCD LD=CK?UPKOEO @AO?PNE>A@ EJ B KNA @AP=EH EJ 0A?PEKJ *J =@@E

PEKJ SDAJ 1=JU JAQPNKLDEHO =NA >NKQCDP EJPK =J EJBA?PA@ =NA= PDAU ?=J >A OPE I QH=PA@ PK NAHA=0A PKTE? N KHA?QHAO
EJPK PDA OQNNKQJI@EJC PEOOQA PK >APPAN ?HA=N EJBA?PEKQO =CAJPO 2DEO EO ?=HHA@ @ACN=JQH=PEKJ

JKPDAN B A?D=JE0 1 QOA@ >U JAQPNKLDEHO EO JAQPNKLDEH ATPN=?AHHQH=N PN=LO , #20 SDE?D =NA ATPNQ@A@ I AODAO KB
?DNK B =PEJ PD=P =NA ?HKOAHU =00K?E=PA@ SEPD =JPE I E?NK>E=H CN=JQHA LNKPAEJO =J@ ?K I LKJAJPO IDNKE=PEJE0 "",
SEPD =00K?E=PA@ LNKPAEJO QOQ=HHU DEOPKJA LNKPAEJO =NKQJ@ SDE?D ", SN=LO BKN KNC=JEV=PEKJ =J@ L=?GEJC
SEPDEJ = ?AHH U ?NA=PEJC =J@ NAHA=0EJC = N AOD KN H=PPE?A HEGA OPNQ?PQNA KB ?DNK I =PEJ PD=P E0 ?KQLHA@ SEPD =JPE R E
?PNK>E=H LNKPAEJO PDA JAQPNKLDEHO ?=J N KQJP = DECDHU ?KJI?AJIPN=PA@ =J@ ABBE?EAJP =PP=7G =C=EJOP JA=N>U L=PDKCAJO
-NKPAEJO BNAMQAJPHU =00K?E=PA@ SEPD , #20 EJ?HQ@A H=7PKBANNEJ CAH=PEJ=0A ?=PDALOEJ % =J@ N UAHKLANKTE@=0A
#=?D D=0 = @EBBANAJP B A=J0 KB LNK B KPEJC =JPE B EPNK>E=H =?PEREPU DAHLEJC JAQPNKLDEHO AHE B EJ=PA L=PDKCAJO 2DA
PKTE? LNKPAEJO EJ , #20 B =U GEH OK I A KB PDA >K@UI0 KSJ ?AHH0 =HKJC SEPD EJR=@EJC L=PDKCAJ0 &KSARAN PDEO ?KH
H=PAN=H @= I =CA ?=J >A NAL=ENA@ =BPAN PDA @=JCAN KB PDA EJBA?PEKJ D=0 >AAJ AHE I EJ=PAQ@

$() #( ( RARRETT # ( # *)$ ey ($- “(



0 JAQPNKLDEHO BECDP =J EJBA?PEKJ = REOE>HA =??Q B QH=PEKJ KB HAQGK?UPAO ?AHHQH=N @A>NEO =J@ >=7PANE= =P PDA OEPA KB
EJBA?PEKJ ?=J >A K>0ANRA@ 2DE0 >QEH@QL E0 SD=P SA ?=H{ LQ0 =HOK GIKSJ =0 LQNQHAJP KN OQLLQN=PERA @EO?D=NCA KN
@N=EJ=CA 2DA LNAOAJ?A KB LQO EO = OECJ PD=P PDAE I 1 QJA @ABAJOAO D=RA >AAJ =?PER=PA@ =C=EJOP =J EJBA?PEKJ DEO
PKNE?=HHU OK B A LDUOE?E=J0 >AHEARA@ PD=P EJ@Q?EJC LQO BKN I =PEKJ ?KQH@ =?PQ=H{U LNK B KPA PDA DA=HJC KB SKQJ@0
2DA LN=?PE?A KB LNK B KPEJC laudable pus >U BKN EJOP=J?A SN=LLEJC = SKQJ@ EJ CNA=0U SKKH 0K=GA@ EJ SEJA
@=PAQ0 >=?G PK PDA =J?EAJP LDUOE?E=J %=HAJ EJ PDA J@ ?AJPQNU *° =J@ S=0 LN=7PE?A@ EJ R=NE=JP BKN B 0 QJPEH PDA

PD ?AJPQNU PDKQCD EP S=0 JKP QJERANO=HHU =??ALPA@ 2K@=U PDEO B APDK@ EO JK HKICAN LN=?PE?A@ >A?=Q0A SA JKS
GJIKS PD=P EP EO JKP ABBA?PERA  HPDKQCD =0 I =H{ = I KQJP KB LQO BKN N =PEKJ ?=J EJ@E?=PA = OPNKJICE R § QJA NAOLKJOA
=NPEBE?E=HHU EJ@Q?EJC LQO BKN B =PEKJ @KAO JKP LNK B KPA NA?KRANU

04*/01)*4

#KOEJKLDEHO =NA CN=JQHK?UPAO PD=P LNKPA?P =C=EJOP LNKPKVK= =J@ DAHREJPDO PDAU =HOK LH=U = NKHA EJ =HHANCE?
NA=?PEKJ0 2DA CN=JQHAO KB AKOEJKLDEHO SDE?D NA=@EHU =>0KN> PDA =?E@E? NA@@EOD @UA AKOEJ ?KJP=EJ DEOP=BEJA
@ACN=@=PERA AJVU B A0 =J@ = ?K 1 LKQJ@ GIKSJ =0 I =FKN>=0F? LNKPAEJ + . BECQNA + _ >EJ@0 PK PDA OQN
B=7A ?=N>KDU@N=PAO KB L=N=0EPA0 =J@ PDEO >EJ@EJC EO =00K?E=PA@ SEPD @EONQLPEKJ KB PDA ?AHH BAR>N=JA =J@ BAl
>N=JA LAN I A=>EHEPU

"401)*-4

=OKLDEHO D=RA ?UPKLH=0 BE? CN=JQHAO KB R=NEA@ OEVA =J@ =NA J=10A@ BKN PDAEN CN=JQHAOk =>EHEPU PK =>0KN> PDA
>=0E? @UA 1 APDUHAJA >HQA BECQNA 2DAEN OPE B QH=PEKJ =J@ @ACN=JQH=PEKJ ?=J NAOQHP BNK I I QHPELHA PNECCANEJC
ARAJPO  ?PER=PA@ ?K E LHABAJPBN=CRAJPO ! ==J@ ¥ = LNK@Q?AQ@ EJ PDA =?PER=PEKJ ?=0?=@A0 KB ?K I LHA 1 AJP LNK
PAEJO =?P =0 =J=LDUH=PKTEJO >U EJ@Q?EJC @ACN=JQH=PEKJ KB >=0KLDEHO =J@ EJBH= B B =PKNU NAOLKJOAO 2DEO ?AHH PULAEO
E B LKNP=JP EJ =HHANCE? NA=?PEKJ0 =J@ KPDAN NAOLKJOAO PD=P EJRKHRA EJBH= 1 B =PEKJ —JA KBPDA B KOP =>QJ@=JP ?K 1
LKJAJPO KB >=0KLDEH CN=JQHAQ EO DEOP= B EJA SDE?D EO0 NAHA=0A@ =HKJC SEPD KPDAN ?DA B E?=H B=?PKNO SDAJ PDA >=0KLDEH
EO OPE I QH=PA@ 22DA0A ?DA B E?=H0 ?=J >A ?DA I KP=?PE? =J@ ?=J DAHL PK KLAJ PDA C=L0 >APSAAJ ?AHO EJ PDA >HKK@ RAQ
OAHO —PDAN B A?D=JEO I 0 BKN >=0KLDEH PNECCANEJC NAMQENA PDA =00EOP=J?A KB =JPE>K@EAO =0 @E0?Q00A@ EJ 0A?PEKJ

"45 &4

&A B =PKLKEAOCEO =HOK CERAO NEOA PK N =0P ?AHH0 SDE?D =LLA=N PK >A @ANERA@ BNK I PDA 0=0A ?K 1 BKJ B UAHKE@ LNKC
AJEPKN ?AHH =0 JAQPNKLDEHO AKOEJKLDEHO =J@ >=0KLDEHO $QJI?PEKI=HHU N =0P ?AHHO =NA RANU OE I Ei=N PK >=0KLDEHO ?KJ
P=EJEJC B =JU KB PDA 0= N A ?K I LKJAJPO EJ PDAEN CN=JQHAO AC DEOP=REJA =J@ LH=UEJC = OF N EH=N NKHA EJ =HHANCE?
NAOLKJOAO =J@ KPDAN EJBH= 1 B =PKNU NA=?PEKJ0 &KSARAN QJIHEGA >=0KLDEHO N =0P ?AHHO HA=RA PDA ?EN?QH=PEJC >HKK@
=J@ =NA 1 KOP BNAMQAJPHU BKQJ@ NAOE@EJC EJ PEOOQAO 2DAU =NA KBPAJ =00K?E=PA@ SEPD >HKK@ RAOOAHO =J@ JANRAO KN
BKQJ@ ?HKOA PK OQNB=?A0 PD=P EJPANB=7A SEPD PDA ATPANJ=H AJRENKJ I AJP 0Q?D =0 PDA 0GEJ =J@ B Q?KQO BA N >N=JAO
EJ R=NEKQO NACEKJO KB PDA >K@U BECQNA
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mast cells red blood cells
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0 PDAEN J=1 A 0QCCAOPO =CN=JQHK?UPAO H=?G REOE>HA CN=JQHAO EJ PDA ?UPKLH=01  CN=JQHK?UPAQ ?=J >A ?=PACKNEVA@
=0 HU B LDK?UPAO KN B KJIK?UPAO BECQNA 1 KJC PDA HU I LDK?UPAQ =NA J=PQN=H GEHHAN ?AHH0 SDE?D LH=U =J E I LKN
P=JP NKHA EJ JKJOLA?EBE? EJJ=PA EN B QJA @ABAJOAO *U I LDK?UPAO =HOK EJ?HQ@A PDA  ?AHH0 =J@ 2 ?AHH0 =J@ =NA
?AJPN=H LH=UANO EJ PDA OLA?EBE? =@=LPERA EN 1 QJA @ABAJOAO 2DA B KJIK?UPAO @EBBANAJPE=PA EJPK B =?NKLD=CA0 =J@
@AJ@NEPE? ?AHH0 SDE?D =NA ?KHHA?PERAHU NABANNA@ PK =0 PDA I KIKJQ?HA=N LD=CK?UPA OUCPA I

"563"- *--&3 &4

—+KOP HU I LDK?UPAO =NA LNE B =NEHU EJRKHRA@ EJ PDA OLA?EBE? =@=LPERAE R B QJA NAOLKJOA  J AT?ALPEKJ EO PDA J=PQN=H
GEHHAN ?AHHO , D) ?AHHO PDAOA B KJIKJQ?HA=N HU I LDK?UPAO QOA JKJOLA?EBE? B A?D=JE0 B0 PK NA?KCJEVA =J@ @AOPNKU
?AHHO PD=P =NA =>JKN B =HEJ OK B A S=U 1=J?AN ?AHH0 =J@ ?AHH0 EJBA?PA@ SEPD RENQOAO =NA PSK AT= I LHAO KB ?AHHQH=N
=>JKN I =HEPEAO PD=P =NA P=NCAPA@ >U , ) ?AHH0 OA?KCJIEPEKJ KB 0Q?D ?AHHO EJRKHRAO = ?K I LHAT LNK?A00 KB E@QAJPEBUEJC
EJDE>EPKNU =J@ =7PER=PEJC N KHA?QH=N B =NGANO KJ PDA OQNB=7A KB PDA P=NCAP ?AH{ -+KHA?QH=N B =NGANO PD=P N =GA QL
PDA N =FKN DEOPK?K N L=PE>EHEPU 7K I LHAT —+& ¥ =NA ATLNAOOA@ >U DA=HPDU ?AHHO =0 =J EJ@E?=PEKJ KB 10AtBm , ) ?AHHO
=NA =>HA PK NA?KCJIEVA JKN I = +& 1 B =NGANO KJ PDA 0QNB=7A KB DA=HPDU ?AHH0 =J@ PDAOA +& 1 B =NGANO OANRA =0 =J
EJDE>EPKNU OECJI=H LNARAJPEJC , ) ?AH =7PER=PEKJ &KSARAN ?=J?AN ?AHH0 =J@ RENQO EJBA?PAQ@ ?AHHO =?PERAHU @E I EJEOD
KN AHE B EJ=PA ATLNAOOEKJ KB +& ¥ B =NGANO KJ PDAEN OQNB=?A SDAJ PDAOA +& T B =NGANO =NA @t I EJEODA@ KN =>0AJP
PDA , ) ?AH EJPANLNAPO PDEO =0 =J =>JKN I =HEPU =J@ =0 = ?AH EJ @EOPNAOO 22DEO EO KJA L=NP KB PDA , ) ?AH =?PER=PEKJ
LNK?AQO BECQNA » ) 7AHHO0 =NA =HOK =?PER=PA@ >U >EJ@EJC PK =?PER=PEJC B KHA?QH=N B KHA?QHAO KJ PDA P=NCAP ?AH
2DA0A =?PER=PEJC I KHA?QH=N B KHA?QHAO EJ?HQ@A I=HPANA@ OAHBm KN 1JKJOAHBn B KHA?QHAO SDAJ = , ) ?AHH NA?KCJIEVAO
= @A?NA=0A EJ EJDE>EPKNU JKN I =H +& 1 1 KHA?QHAO =J@ =J EJ?NA=0A EJ =?PER=PEJC U KHA?QHAO KJ PDA 0QNB=2A KB = ?AHH
PDA , D) ?AHH SEHH >A =?PER=PA@ PK AHE I EJ=PA PDA ?AH{ EJ @EOPNACO
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A natural killer (NK) cell recognizes MHC |
on a healthy cell and does not kill it.

inhibitory MHE

% W

/actlvatmg healthy cell

receptor
NK cell

/

An infected cell does not present the MHC |,

but does present ligands for the activating receptor.
The NK cell will trigger a response that kills this cell.
virus

3¢
R
N

infected cell

actlvatlng
molecule

NK cell
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2DA H=NCAOP KB PDA SDEPA >HKK@ ?AHO B KJIK?UPAQ D=RA =
JQ?HAQO PD=P H=?G0 HK>A0 =0 SAH =0 CN=JQHAO EJ PDA
?UPKLH=0 1 BECQNA - ARANPDAHAOO PDAU =NA ABBA?
PERA LD=CK?UPAO0 AJCQHBEJC L=PDKCAJO =J@ =LKLPKPE?
?AHH0 PK DAHL BECDP EJBA?PEKJ

5DAJ 1 KIK?UPAO HA=RA PDA >HKK@OPNA=1 =J@ AJPAN =
OLA?EBE? >K@U PEOOQA PDAU @EBBANAJPE=PA EJPK PEOOQA OLA
7EBE? LD=CK?UPAO ?=HHA@ NI =?NKLD=CA0 =J@ @AJ@NEPE?
?AHH0 2DAU =NA L=NPE?QH=NHU E B LKNP=JP NAOE@AJPO KB
HU I LDKE@ PEOOQA =0 SAHH =0 JKJHU I LDKE@ OEPAO =J@
KNC=J0 +=?NKLD=CA0 =J@ @AJ@NEPE? ?AHH0 ?=J NAOE@A EJ
>K@U PEOOQAO BKN OECJEBE?=JP HAJCPDO KB PERA
+=?NKLD=CAOQ EJ OLA?EBE? >K@U PEOOQAO @ARAHKL ?D=N=?
PANEOPE?0 OQEPA@ PK PDA L=NPE?QH=N PEOOQA , KP KJHU @K
PDAU LNKRE@A EN BQJA LNKPA?PEKJ BKN PDA PEOOQA EJ
SDE?D PDAU NAOE@A >QP PDAU =HOK OQLLKNP JKN I =H BQJ?

—J?A = ?AHH D=0 >AAJ NA?KCJEVA@ =0 = P=NCAP PDA ,)
?AHH ?=J QOA OARAN=H @EBBANAJP B A?D=JE0 B0 PK GEHi EPO
P=NCAP $KN AT=NLHA EP B=U ATLNAOO ?UPKPKTE? BAIl
>N=JA LNKPAEJO =J@ ?UPKGEJAOQ PD=P OPE Il QH=PA PDA P=NCAP
?AHH PK QJ@ANCK =LKLPKOEO KN ?KJIPNKHiA@ ?AHH OQE?E@A
» ) 7AHHO B =U =HOK QOA LANBKNEJ N A@E=PA@ ?UPKPKTE?EPU
PK EJ@Q?A =LKLPKOEO EJ P=NCAP ?AH0 2DE0 BA?D=JE01
NAHEAO KJ PSK PKTEJO NAHA=0A@ BNK B CN=JQHAO EJ PDA
?UPKLH=0 1 KBPDA , ) ?AH LANBKNEJ = LNKPAEJ PD=P ?NA
=PAO LKNAOQ EJ PDA P=NCAP ?AHH =J@ CN=JVU B A0 LNKPA=0AO
PD=P AJPAN PDNKQCD PDA LKNAO EJPK PDA P=NCAP ?AHHO
?UPKLH=01 SDANA PDAU PNECCAN = ?=0?=@A KB LNKPAEJ
=?PER=PEKJ PD=P HA=@0 PK =LKLPKOEO 2DA , ) ?AH >EJ@0
PK PDA =>JKN I =H P=NCAP ?AH{ NAHA=0AO EPO @AOPNQ?PERA
L=UHK=@ =J@ @AP=?DA0 BNK I PDA P=NCAP ?AH{ SDEHA PDA
P=NCAP ?AHH QI@ANCKAO =LKLPKOEO PDA ,) ?AH OUJPDA
OEVAO B KNA LANBKNEJ =J@ LNKPA=0AO PK QOA KJ EPO JATP
P=NCAP

» ) ?AHO ?KJP=EJ PDAOA PKTE? ?K I LKQJ@0 EJ CN=JQHAO
EJ PDAEN ?UPKLH=01 5SDAJ 0P=EJA@ PDA CN=JQHAO =NA
=VQNKLDEHE? =J@ ?=J >A REOQ=HEVA@ QJ@AN = HECDP B E?NK
0?KLA BECQNA #RAJ PDKQCD PDAU D=RA CN=JQHAO
> ) ?AHHO =NA JKP ?KJOE@ANA@ CN=JQHK?UPAO >A?=QO0A
PDAEN CN=JQHAQ =NA B=N HA00 JQ I ANKQO PD=J PDKOA BKQJ@
EJ PNQA CN=JQHK?UPAO $QNPDAN RKNA , ) ?AH0 D=RA =
@EBBANAJP HEJA=CA PD=J CN=JQHK?UPAO =NEOEJC BNK I HU I
LDKE@ N=PDAN PD=J B UAHKE@ OPA I ?AHHO BECQNA

perforin-containing granules
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PEKJ KB PDAEN JAECD>KNEJC PEOOQA ?AHH0 PDNKQCD PDA LNK@Q?PEKJ KB ?UPKGEJAO —+=?NKLD=CAO =NA CERAJ PEOOQA OLA?EBE?
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J=01A0 BAS AT=1 LHAO KB PEOOQA OLA?EBE? N =7?NKLD=CAO =NA HEOPA@ EJ P=>HA *"AJ@NEPE? ?AHHO =NA E I LKNP=JP 0AJ
PEJAHO NAOE@EJC EJ PDA 0GEJ =J@ B Q?KQO BAE>N=JA0 SDE?D =NA LKNP=HO KB AJPNU BKN B=JU L=PDKCAJO +KJIK?UPAO
1 =?NKLD=CA0 =J@ @AJ@NEPE? ?AHHO =NA =H{ DECDHU LD=CK?UPE? =J@ =NA E I LKNP=JP LNK B KPANO KB PDAE R § QJA NAOLKJOA
>A?=Q0A KB PDAEN LNK@Q?PEKJ =J@ NAHA=0A KB ?UPKGEJAO 2DA0A ?AHH0 LNKRE@A =J AOOAJPE=H >NE@CA >APSAAJ EJJ=PA =J@
=@=LPERAEN B QJA NAOLKJOAO

PMN red blood cells
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monocytes macrophage
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1.6 PATHOGEN RECOGNITION AND PHAGOCYTOSIS

1ARAN=H KB PDA ?AH{ PULAO @E0?Q00A@ EJ PDA LNAREKQO 0A?PEKJ ?=J >A @A0?NE>A@ =0 LD=CK?UPAO i ?AH0 SDKOA I =EJ
BQJ?PEKJ EO PK OAAG EJCAOP =J@ GEHH L=PDKCAJO 2DEO0 LNK?A00 ?=HHA@ LD=CK?UPKOEO S=0 BENOP K>0ANRA@ EJ OP=NBEOD EJ
PDA 0>U , K>AH _NEVA SEJJEIC VKKHKCEOP "HU= +AP?DJEGKBB h SDK B =@A PDA ?KIJA?PEKJ PK SDEPA
SHKK@ ?AH0 5 10 EJ DQE=J0 =J@ KPDAN =JER=H0 P PDAPERA *KQEO .=0PAQN =J@ KPDAN 0?7EAJPEOPO
>AHEARA@ PD=P 5 10 SANA OLNA=@EJC L=PDKCAJO N=PDAN PD=J GEHHEJC PDA | SDE?D EO PNQA BKN OK I A @E0A=0A0 0Q?D =0
PQ>AN?QHKOEO QP EJ B KOP ?=0A0 LD=CK?UPAO LNKRE@A = OPNKJIC OSEBP =J@ ABBA?PERA @ABAJOA =C=EJOP = >NK=@ N=JCA
KB BE?NK>AQ0 N =GEJC PDA I = ?NEPE?=H ?K I LKJAJP KB EJJ=PA JKJOLA?EBE? E 0 B QJIEPU 2DE0 OA?PEKI SEHH BK?Q0 KJ PDA
1 A?D=JE0 1 0 >U SDE?D LD=CK?UPAQ =NA =>HA PK 0AAG NA?KCJEVA =J@ @AOPNKU L=PDKCAJO
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1K I A LD=CK?UPAO =NA HAQGK?UPA0 5 10 PD=P JKN Il =H{U ?EN?QH=PA EJ PDA >HKK@OPNA=1 2K NA=?D L=PDKCAJO HK?=PA@
EJ EJBA?PA@ PEOOQA HAQGK?UPAO B QOP L=00 PDNKQCD PDA S=HH0 KB 0 I =H{ ?=LEHi=NU >HKK@ RAOOAHO SEPDEJ PEOOQAO 2DEO
LNK?A00 ?=HHA@ ATPN=R=0=PEKJ KN @E=LA@ACEO EO EJEPE=PA@ >U ?K I LHA RAJPB=7PKN T = =0 SAH =0 ?UPKGEJAO NAHA=0A@
EJPK PDA ER B A@E=PA RE?EJEPU >U NAOE@AJP B =?NKLD=CA0 =J@ PEOOQA ?AHH0 NAOLKJ@EJC PK PDA LNAOAJ?A KB PDA EJBA?
PEKQO =CAJP BECQNA TEREE=NPK T = B=JU KB PDAOA ?UPKGEJAQ =NA LNKEJBH=1 B =PKNU =J@ ?DA I KP=?PE? =J@
PDAU >EJ@ PK ?AHHO KB O B =H{ ?=LEHH=NU >HKK@ RAQOAHO EJEPE=PEJC = NAOLKJOA EJ PDA AJ@KPDAHE=H ?AHHO HEJEJC PDA EJOE@A KB
PDA >HKK@ RAOOAH S=H{0 2DEQ NAOLKJOA EJRKHRAO PDA QLNACQH=PEKJ =J@ ATLNAOOEKJ KB R=NEKQO ?AHQH=N =@DACEKJ I KH
A?QHAO =J@ NA?ALPKNO *AQGK?UPAO L=00EJC PDNKQCD SEHH OPE?G OHECDPHU PK PDA =@DACEKJ I KHA?QHAO OHKSEJC @KSJ
=J@ NKHEJIC =HKJIC PDA >HKK@ RAOOAH S=Hi0 JA=N PDA EJBA?PA@ =NA= SDAJ PDAU NA=?D = ?AHQH=N FQJI?PEKJ PDAU SEHH
>EJ@ PK ARAJ I KNA KB PDAOA =@DAOEKJ I KHA?QHAO BH=PPAJEJC KQP =J@ OMQAAVEJC PDNKQCD PDA ?AHQH=N FQJI?PEKJ EJ =
LNK?A00 GIKSJ =0 PN=J0AJ@KPDAHE=H BECN=PEKJ 2DE0 B A?D=JE0 I KB rolling adhesion =HKS0 HAQGK?UPAO PK ATEP PDA
SHKK@OPNA= 1 =J@ AJPAN PDA EJBA?PA@ =NA=0 SDANA PDAU ?=J >ACEJ LD=CK?UPKOEJC PDA EJR=@EJC L=PDKCAJO

neutrophil
_hathogens
7
Leukocytes
monocyte emigrate to <
site of injury
and infection.
neutrophil
Resident macrophage engulfs Injured/infected
pathogen and releases cells secrete
proinflammatory, chemotactic chemical signals
cytokines. into the blood.
The leukocytes squeeze between the cells of
@ Leukocytes in the blood respond to chemical the capillary wall as they follow the chemical
attractants released by pathogens and signals to where they are most concentrated
chemical signals from nearby injured cells. (positive chemotaxis).
_- Neutrophil releases
cytotoxic chemicals
from granules into
tissue.
@Within the damaged tissue, neutrophils release chemicals
that break apart pathogens. Monocytes differentiate into
macrophages. Neutrophils and macrophages phagocytize
pathogens and cellular debris.
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» KPA PD=P ATPN=R=0=PEKJ @KAO JKP K??QN EJ =NPANEAO KN RAEJ0 2DA0A >HKK@ RAOOAHO =NA OQNNKQJI@A@ >U PDE?GAN 1 QH

PEH=UAN LNKPA?PERA S=HHO EJ ?KJIPN=0P PK PDA PDEJ OEJCHA ?AHH H=UAN S=HHO KB ?=LEHH=NEAO $QNPDAN I KNA PDA >HKK@ BHKS

EJ =NPANEAQ EO PKK PQN>QHAJP PK =HKS BKN NKHEJC =@DAOEKJ  HOK OK I A HAQGK?UPAO PAJ@ PK NAOLKJ@ PK =J EJBA?PEKJ

1 KNA MQE?GHU PD=J KPDANO 2DA BENOP PK =NNERA PULE?=H{U =NA JAQPNKLDEHO KBPAJ SEPDEJ DKQNO KB = >=?PANE=H EJBA?PEKJ
U ?KJIPN=2P B KIK?UPAO B =U P=GA OARAN=H @=UO PK HA=RA PDA >HKK@OPNA= 1 =J@ @EBBANAJPE=PA EJPK N =?NKLD=CA0

%) $ #- $ #)S#

0 @AO?NE>A@ EJ PDA LNAREKQO OA?PEKJ KLOKJEV=PEKJ KB L=PDKCAJO0 >U =JPE>K@U ?K B LHABAJPB=?PKNO ¥ M I > =J@
I > =J@HA?PEJO ?=J =00EOP LD=CK?UPE? ?AHH0 EJ NA?KCJEPEKJ KB L=PDKCAJ0 =J@ =PP=7D B AJP PK EJEPE=PA LD=CK?UPKOEO
&KSARAN JKP =Hi L=PDKCAJ NA?KCJEPEKJ EO KLOKJEJ @ALAJ@AJP .D=CK?UPAQ ?=J =HOK NA?KCJIEVA B KHA?QH=N OPNQ?
PQNAO PD=P =NA ?K I I KJ PK B =JU CNKQLO KB L=PDKCAJE? B E?NK>A0 1Q?D OPNQ?PQNAQ =NA ?=H{A@ L=PDKCAJ =00K?E=PA@
I KHA?QH=N L=PPANJO . —+ .0 KN BKJ . -+ _0EJ?HQ@A PDA BKHKSEJC

n LALPE@KCHU?=J BKQJ@ EJ >=?PANE=H ?AH S=H{0

n BH=CAHHEJ = LNKPAEJ BKQJ@ EJ >=7PANE=H BH=CAHH=

n HELKLKHUO=??D=NE@A *.1 BNK N PDA KQPAN B AE>N=JA KB CN=1 JAC=PERA >=7PANE=
n HELKLALPE@AO N KHA?QHAO ATLNAOOA@ >U N KOP >=?PANE= =J@

n JQ?HAE? =?E@0 0Q?D =OREN=H**, KNO,

*EGA JQ B ANKQO KPDAN . -+ .0 PDAOA 0Q>0P=J?A0 =NA EJPACN=H PK PDA OPNQ?PQNA KB >NK=@ ?H=00A0 KB B E?NK>A0

2DA OPNQ?PQNAO PD=P =tHKS LD=CK?UPE? ?AHH0 PK @APA?P . —+ .0 =NA ?=HiA@ L=PPANJ NA?KCJEPEKJ NA?ALPKNO .0O00
—JA CNKQL KB . OO0 EO PDA PKHi HEGA NA?ALPKNO 2*00 SDE?D >EJ@ PK R=NEKQO . —+.0=J@ ?K 1 B QJIE?=PA SEPD PDA
JQ?HAQO KB PDA LD=CK?UPA PK AHE?EP = NAOLKJOA —+=JU 2*00 =J@ KPDAN . OO0 =NA HK?=PA@ KJ PDA OQNB=7A KB = LD=CK
?2UPA >QP OK B A ?=J =HOK >A BKQJ@ A I >A@Q@A@ EJ PDA B A1 >N=JA0 KB EJPANEKN ?K I L=NP B AJP0 =J@ KNC=JAH{AO BECQNA

2DA0A EJPANEKN 000 ?=J >A QOABQH BKN PDA >EJ@EJC =J@ NA?KCJIEPEKJ KB EJPN=7AHHQH=N L=PDKCAJO PD=P I =U
D=RA C=EJA@ =??A00 PK PDA EJOE@A KB PDA ?AHH >ABKNA LD=CK?UPKOEO ?KQH@ P=GA LH="A AEN=H JQ?HAE? =7E@0 BKN AT=N LKA
1 ECDP AJ?KQJPAN =J EJPANEKN . OO PNECCANEJC LNK@Q?PEKJ KB PDA =JPEREN=H ?UPKGEJA EJPANBANKJ

*J =@@EPEKJI PK LNKRE@EJC PDA BENOP OPAL KB L=PDKCAJ NA?KCJEPEKJ PDA EJPAN=?PEKJ >APSAAJ . —+.0=J@ .000 KJ
1 =?NKLD=CAO0 LNKRE@AO =J EJPN=AHHQH=N OECJ=H PD=P =?PER=PAQ PDA LD=CK?UPA ?=QOEJC EP PK PN=JOEPEKJ BNK I = @KN

1 =JP OP=PA KB NA=@EJAQ00 =J@ OHKS LNKHEBAN=PEKJ PK = OP=PA KB DULAN=?PEREPU LNKHEBAN=PEKJ LNK@Q?PEKJ OA?NAPEKJ KB
?2UPKGEJA0 =J@ AJD=J?A@ EJPN=7AHHQH=N GEHHEJIC .O0O00 KJ B =?NKLD=CA0 =HOK NAOLKJ@ PK ?DA I E?= @EOPNACO OECJI=HO
BNK I @=0=CA@ KN OPNAOOA@ ?AHH0 2DE0 =HHKSO B =?NKLD=CAO PK ATPAJ@ PDAEN NAOLKJOAO >AUKJ@ LNKPA?PEKJ BNK I
EJBA?PEKQO @EOA=0AO PK = >NK=@AN NKHA EJ PDA EJBH= 1 N =PKNU NAOLKJOA EJEPE=PA@ BNK B EJFQNEAO KN KPDAN @EOA=0AQ

$0 #( ( TTUTTHS #( # RIS URH & (



outside of cell
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production and secretion of antiviral
interferons and other cytokines
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—J?A L=PDKCAJ NA?KCJIEPEKJI =J@ =PP=7D B AJP K??QNO PDA L=PDKCAJ EO AJCQHBA@ EJ = RAOE?HA =J@ >NKQCDP EJPK PDA
EJPANI=H ?K I L=NP B AJP KB PDA LD=CK?UPA EJ = LNK?AQ0 ?=HHA@ LD=CK?UPKOEO BECQNA -000 ?=J =t@ EJ LD=CK?U

PKOEO >U BENOP >EJ@EJC PK PDA L=PDKCAJK0 OQNB=?A >QP LD=CK?UPAQ =NA =HOK ?=L=>HA KB AJCQHBEJC JA=N>U EPA I 0 ARAJ B
PDAU =NA JKP >KQJ@ PK OLA?EBE? NAPALPKNO 2K AJCQHB PDA L=PDKCAJ PDA LD=CK?UPA BKN I 0 = LOAQ@KLK@ PD=P SN=L0
=NKQJ@ PDA L=PDKCAJ =J@ PDAJ LEJ?DAOQ EP KBB EJPK = B AN >N=JA RAOE?HA ?=HHA@ = LD=CKOK B A  ?E@EBE?=PEKJ KB PDA
LD=CKOK B A L& @A?NA=OAOPK PDAN=JCAKB h LNKRE@AO=JE I LKNP=JP A=NHU =JPE>=7PANE=H B A?D=JE0R 2DA LD=CK

OK B A ?KJP=EJEIC PDA L=PDKCAJ BQOAO SEPD KJA KN I KNA HUOKOK B A0 BKN REJC = LD=CKHUOKOK B A" $KN I =PEKJ KB PDA
LD=CKHUOKOK I A AJD=J?A0 PDA =?E@EBE?=PEKJ SDE?D EO AOOAJPE=H BKN =?PER=PEKJ KB L& @ALAJ@AJIP @ECAOPERA HUOKOK

1 =H AJVU 1 A0 =J@ LNK@Q?PEKJ KB DU@NKCAJ LANKTE@A =J@ PKTE? NA=7PERA KTUCAJ OLA?EA0 *UOKOK I =i AJVU 1 A0 0Q?D
=0 HUOKVU 1A LDKOLDKHEL=0A =J@ LNKPA=0AQ @ECAOP PDA L=PDKCAJ —PDAN AJVU I A0 =NA EJRKHRA@ EJ = NAOLEN=PKNU
>QNOP **QNEJC PDA NAOLEN=PKNU >QNOP LD=CK?UPAO SEHi EJ?NA=0A PDAEN QLP=CA =J@ ?KJ0Q N LPEKJ KB KTUCAJ >QP JKP
BKN AJANCU LNK@Q?PEKJ 2DA EJ?NA=0A@ KTUCAJ ?KJ0Q I LPEKJ EO BK?QOA@ KJ PDA LNK@Q?PEKJ KB OQLANKTE@A =JEKJ

DU@NKCAJ LANKTE@A DU@NKTUHN=@E?=H0 =J@ KPDAN NA=?PERA KTUCAJ OLA?EAQ PD=P =NA =JPE>=7PANE=H

*J =@@EPEKJ PK PDA NA=?PERA KTUCAJ OLA?EAO0 LNK@Q?A@ >U PDA NAOLEN=PKNU >QNOP NA=?PERA JEPNKCAJ ?K I LKQJ@0 SEPD
PUPKPKTE? ?AHH GEHHEJIC LKPAJPE=H ?=J =HOK BKN B $KN AT=NLHA JEPNE? KTE@A ?=J NA=?P SEPD OQLANKTE@A PK BKN
LANKTUJEPNEPA = DECDHU NA=7PERA JEPNKCAJ ?K I LKQJ@ SEPD @ACN=@EJC ?=L=>EHEPEAQ OE I EH=N PK PDKOA KB PDA NA=7PERA
KTUCAJ OLA?EA0 1K B A LD=CK?UPAO ARAJ ?KJP=EJ =J EJPANJ=H OPKNADKQOA KB NE?NK>E?E@=H @ABAJOEJ LNKPAEJO AC
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JAQPNKLDEH CN=JQHAO 2DA0A @AOPNQ?PERA BKN?AQ ?=J >A NAHA=0A@ EJPK PDA =NA= =NKQJ@ PDA ?AH{ PK @ACN=@A B E?NK>A0
ATPANJ=HHU , AQPNKLDEHO AOLA?E=HHU ?=J >A MQEPA ABBE?EAJP =P PDEO 0A?KJ@=NU =JPE B E?NK>E=H B A?D=JE0 I

—J?A @ACN=@=PEKJ EO ?K I LHAPA HABPKRAN S=0PA LNK@Q?PO =NA AT?NAPA@ BNK I PDA ?AHH EJ =J ATK?UPE? RAOE?HA &KS
ARAN EP EO E B LKNP=JP PK JKPA PD=P JKP =H{ NA I =EJO KB PDA L=PDKCAJ =NA AT?NAPA@ =0 S=0PA +=?NKLD=CA0 =J@ @AJ
@NEPE? ?AHHO =NA =HOK =JPECAJ LNAOAJPEJC ?AHH0 EJRKHRA@ EJ PDA OLA?EBE? =@=LPERA EN B QJA NAOLKJOA 2DA0A ?AHH0
BQNPDAN LNK?AQ0 PDA NA I =EJO KB PDA @ACN=@A@ L=PDKCAJ =J@ LNAOAJP GAU =JPECAJO OLA?EBE? L=PDKCAJ LNKPAEJO KJ
PDAEN ?AHHQH=N OQNB=7A 2DEO E0 =J E B LKNP=JP OPAL BKN OPE B QH=PEKJ KB OK B A =@=LPERAE T B QJA NAOLKJOAOQ

1.7 INFLAMMATION AND FEVER

2DAEJBH= I 1 =PKNU NAOLKJOA KN EJBH=N W =PEKJ EO PNEC T T — R WA
CANA@ >U = 2=07=@A KB ?DA NE?=H I AQE=PKNO =J@ 2AHQH=N
NAOLKJOAO PD=P B =U K??QN SDAJ 2AH0 =NA @= I =CA@ =J@
OPNAOOA@ KN SDAJ L=PDKCAJO 0Q??A00BQHU >NA=?D PDA
LDUGE?=H >=NNEANO KB PDA EJJ=PA EN NQJA OUOPAN
HDKQCD EJBH= N N=PEKJ EO PULE?=HU =00K?E=PA@ SEPD
JAC=PERA 2K JOAMQAJ?A0 KB EJFQNU KN @EOA=0A EP E0 = JA?
ADO=NU LNK?A00 EJOKB=N =0 P =HKSO BKN NAZNQEP BAJPKB
PDA 2AHQI=N BABAJOAD JAAGA@ PK A NEJ=PA L=PDKCAJ0  containing

' phagolysosome

NA B KRA @=0=CA@ =J@ @A=@ ?AH0 =J@ EJEPE=PA NAL=EN digestive enzymes
B A?D=JE0 B0 #T?AO00ERA EJBH=N N =PEKJ DKSARAN ?=J macrophage
NAOQHP EJ HK?=H PEOOQA @= 1 =CA =J@ EJ OARANA ?=0A0 E=U
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J A=NHU EB JKPE N B A@E=PA NAOLKJOA PK PEOOQA EJFQNU EO
=?QPAEJBH= 1 B =PEKJ " I N A@E=PAHU BKHKSEJC =J EJFQNU
R=0K?KJOPNE?PEKJ KB >HKK@ RAOOAHO SEHi K??QN PK B EJE BEVA >HKK@ HKOO 2DA = I KQJP KB R=0K?KJOPNE?PEKJ EO NAH=PA@
PK PDA =B KQJP KB R=0?QH#=N EJFQNU >QP EP E0 QOQ=H{U >NEAB 4=0K?KJOPNE?PEKJ EO BKHKSA@ >U R=0K@FH=PEKJ =J@
EJ?NA=0A@ R=0?QH=N LAN B A=>EHEPU =0 = @ENA?P NAOQHP KB PDA NAHA=0A KB DEOP= N EJA BNK I NAOE@AJP B =0P ?AHH0 *J?NA=0A@
SHKK@ BHKS =J@ R=0?QH=N LAN B A=>EHEPU ?=J @EHQPA PKTEJO =J@ >=?PANE=H LNK@Q?P0 =P PDA OEPA KB EJFQNU KN EJBA?PEKJ
2DAU =HOK ?KJIPNE>QPA PK PDA BERA K>0ANR=>HA 0FCJ0 =00K ?E=PA@ SEPD PDA EJBH= 1 1 =PKNU NAOLKJOA ANUPDA I = NA@JAQO
A@AN= OSAHEJC DA=P L=EJ =J@ =HPANA@ BQJ?PEKJ 4=0K@EH=PEKJ =J@ EJ?NA=0A@ R=0?QH=N LAN B A=>EHEPU =NA =HOK
=00K?E=PA@ SEPD =J EJBHQT KB LD=CK?UPAO =P PDA OEPA KB EJFQNU =J@ KN EJBA?PEKJ 2DE0 ?=J AJD=J?APDAEJBH=1 B =PKNU
NAOLKJOA >A?=Q0A LD=CK?UPAO I =U NAHA=0A LNKEJBH= 1 B =PKNU ?DA B E?=H0 SDAJ PDAU =NA =?PER=PA@ >U ?AHHQH=N @0
PNAQO OECJ=HO NAHA=0A@ BNK I @= B =CA@ ?AH0 >U . —+ .0 KN>U KLOKJEJO KJ PDA OQNB=?A KB L=PDKCAJ0  ?PER=PEKJ KB
PDA ?K I LHA 1 AJP OUOPA I ?=J BQNPDAN AJD=J?A PDA EJBH= 1 B =PKNU NAOLKJOA PDNKQCD PDA LNK@Q?PEKJ KB PDA =J=LDU
H=PKTEJ ¥ = S$ECQNA FHHQOPN=PAQ = PULE?=H ?=0A KB =?QPA EJB#= I 1 =PEKJ =P PDA OFPA KB = 0GEJ SKQJ@
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mast cells

pathogens

(@) (b)

><J6: 6 906HI 8:MH 9:1:81 >C?JGN 1D C:6G7N 8:MH 6C9 G:A:6H: =>HIGB>C: >C>P>61>C< 6C >C;A6BB6IDGN
G:HEDCH: 7  >HI6B>C: >C8G:6H:H 7ADD9 ;ADL ID I=: LDJICI H>I: 6C9 >C8G:6H:9 KGHBIAGG E:GB :67>IN 6MDLH ;AJ>9
EGDI:>CH E=6<D8NI:H 6C9 DI=:G>BBJC: 8:MH ID :Cl1:6>C;:81:9 PHHI: ,=:H: :K:CIH G:HJAI >C I=: HL:A>C< 6C9
6:99:C>C< D; 1=:>C236G:9 Iz 6C9 1=: >C86:6H:9 7ADDI ;ADL ID 1=: >C?JG:9 W1z 86JH:H>I ID ;::A L6GB
IC;A6BB6I>DC >H 6D 6HHD8>61:9 L>I= E6>C 9J: ID I=:H: :K:CIH H>BJAGI>C< C:GK: E6>C G:8:EIDGH >C I=: PHHI: ,=:
>C1:6681>DC D; E=6<D8NI: (**H L>I= 8:MJIAGC PHIG:HH H><C6A 6C9 ( % (H 6C9 DEHDC>CH DC I=: HJG;68: D;
EG1=D<:CHA:69H ID I=: G:A:6H: D; BDG: EGD>C;A6BBGIDGN 8=:B>86M :C=6C8>C< I=: >C;A6BBG6IDGN G:HEDCH: _><JG:
9:H8G>EI>DC 6K6>A67A: 61 1=: :C9 D; I=: 8=6EI:G

*"QNEJC PDA LANEK@ KB EJBH= N B =PEKJ PDA NAHA=0A KB >N=@UGEJEJ ?=QO0A0 ?=LEH{=NEAO PK NA I =£J @EH=PA@ BHKK@EJC PEO
0QAQ0 SEPD BHQE@O =J@ HA=@EJC PK A@A N = "J?NA=0EJC JQ I >ANO KB JAQPNKLDEHO =NA NA?NQEPA@ PK PDA =NA= PK BECDP
L=PDKCAJO 0 PDA BECDP N=CAO KJ LQO BKN B0 BNK I PDA =??Q B QH=PEKJ KB JAQPNKLDEHO @A=@ ?AHHO PEOOQA BHQE@O =J@
HUBLD 2ULE?=HHU =BPAN =BAS @=U0 B =?NKLD=CAO SEH{ DAHL PK ?HA=N KQP PDEO LQO #RAJPQ=HHU PEOOQA NAL=EN ?=J >ACEJ
EJ PDA SKQJ@AQ@ =NA=

"SH O# 1 T ) $#

SDAJ =?QPAEJBH= 1 B =PEKJ E0 QJ=>HA PK ?HA=N =J EJBA?PEKQO L=PDKCAJ ?DNKJE? EJBi= 1 B =PEKJ B =UK??QN 2DEO KBPAJ
NAOQHPO EJ =J KICKEJC =J@ OK B APE I AO BQPEHA HKSAN HARAH >=PPHA >APSAAJ PDA DKOP KNC=JEO I =J@ PDA L=PDKCAJ 2DA
SKQJI@A@ =NA= N =U DA=H =P = OQLANBE?E=H HARAH >QP L=PDKCAJO N =U OPEHH >A LNAOAJP EJ @AALAN PEOOQAQ OPE I QH=PEJC
KJCKEJC EJBH=N0 B =PEKJ  @@EPEKJI=HHU ?DNKJE? EJBH= N1 B =PEKJ N =U >A EJRKHRA@ EJ PDA LNKCNAOOEKJ KB @ACAJAN=PERA
JAQNKHKCE?=H @E0A=0A0 0Q?D =0 HVDAE R AMO .=NGEJOKJIO DA=NP @EOA=0A =J@ N AP=0P=PE? ?=J?AN

TDNKJE? EJBi= 1 B =PEKJ B =U HA=@ PK PDA BKN I =PEKJ KB CN=JQHK I =0 LK?GAPO KB EJBA?PA@ PEOOQA S=HA@ KBB =J@ OQN
NKQJ@A@ >U S 10 +=?NKLD=CA0 =J@ KPDAN LD=CK?UPA0 S=CA =J QJ0Q??A00BQH >=PPHA PK AHE B EJ=PA PDA L=PDKCAJO
=J@ @A=@ ?AHHQH=N N =PANE=HO SEPDEJ = CN=JQHK I = —JA AT= 1 LHA KB = @E0A=0A PD=P LNK@Q?AO ?DNKJE? EJBH= 1 B =PEKJ
EO PQ>AN?QHKOEO SDE?D NAOQHPO EJ PDA BKN B =PEKJ KB CN=JQHK B =0 EJ HQJC PEOOQAO0  PQ>AN?QH=N CN=JQHK I = EQ ?=HIA@ =
PQ>AN?HA BECQNA 2Q>AN?QHKOE0 SEH >A ?KRANA@ EJ I KNA @AP=EH EJ OA?PEKJ

TDNKJE? EJBi= B B =PEKJ EO JKP FQOP =00K?E=PA@ SEPD >=?PANE=H EJBA?PEKJO ¥ DNKJE? EJBH=N B =PEKJ ?=J >A =J E I LKN
P=JP ?=QO0A KB PEOOQA @= I =CA BNK I REN=H EJBA?PEKJO 2DA ATPAJOERA 0?=NNEJC K>0ANRA@ SEPD DAL=PEPE0 ¥ EJBA?PEKJIO
=J@ HERAN ?ENNDKOEO EO PDA NAOQHP KB ?DNKJE? EJBH= 1 B =PEKJ
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+ -

BARAN £0 =J EJBi= I 1 =PKNU NAOLKJOA PD=P ATPAJGO >AUKJ@
PDA 0EPA KB EJBA?PEK J =J@ =BBA?P0 PDA AJPENA >K@U NAOQIPEJC EJ
=J KRAN=H EJ?NA=0A EJ >K@U PAN LANSPQNA K@U PA I LAN=
PQNA E0 JKN I =HHU NACQH=PAQ =J@ N =EJP=EJAQ@ >U PDA DULK
PD=H= 11Q0 = =J=PK I E?=H OAPPEKJ KB PDA >N=EJ PD=P BQI?PEKJ0
PK W=EJP=E] DK I AKOP=0EO EJ PDA >KQU &KSARAN 2ANP=EJ
>=7PANE=# KN REN=H EJBA?PEKJO0 7=J NAOQIP EJ PDA LNK@Q?PEKJ K8
LUNKCAJO ?DA BE?=H0 PD=P ABBA?PERAHU =4PAN PDA IPDAN I KOP=P
OAPPEICH KB PDA DULKPD=4= 1 QO PK AHAR=PA >K@U PA I LAN=PQNA
=J@ ?=Q0A BARAN _UNKCAJO I=U >A ATKCAJKQO KN AJ@KCA ><J6: 1J7:G8A: >H 6 <66CIADB6 >C 1=: AJC< IHHI: D; 6
JKQO $KN AT=NLHA PDA AJ@KPKTEJ HELKLKHUO=??D=NE@A E6P:CI L>I=1J7:8JADHH !C I=H B>8GD<GOE= L=>I: 7ADD9 8:MH
*_1 LNK@Q?A@ >U CN=N JAC=PERA >=?PANE= EO =J ATKCA HI6>C:9 EJGEA: =6K: L6M:9 D;; 6 ED8@:1 D; I>HHI: >C;:8l:9
JKQO LUNKCAJ PD=p 11=U E0QPA PDA HAQUK?UPAD PK Nata=on 7= POIETER S LITESRIERY  FECIlBer BiD IRe ¢

=:6; ; OH:6H: —H: 16 ;656 JH: _><J6:
AJBKCAJKQO LUNKCAJO 0Q?D =0 EJPANAQGED ™ ™ o o) he 6keoi674: 61 I=: :C9 D: I=: B=6EIG
EIPANBANKD 'S, =J@ PQ I KN JANKOEO B=2PKN 2,8 *J
= 2=07=QEIC ABA?P PDAOA I KHA?QUAO 7=J PDAJ HA=@ PK PDA
NAHA=OA KB LNKOP=CH=J@EJ # - %#  BNK I KPDAN ?AHO0 NAOAPPEIC PDA DULKPD=#= I QO PK EJEPE=PA BARAN BECQNA

o *EGA KPDAN BKN I 0 KB EJBi= I
[LPS] I=PEKJ = BARAN AJD=J?A0
l PDAEJJ=PAE I I QJA @ABAJOAO

>U OPE I QH=PEJC HAQGK?UPAQ PK

GE#H L=PDKCAJO0 2DA NEOA EJ

>K@U PA I LAN=PQNA =HOK B=U
EJDE>EP PDA CNKSPD KB 1=JU

endogenous
pyrogens PGE, L=PDKCAJO 0EJ?A DQNE=J
IL-1, IL-6, IFN-y, TNF l' L=PDKCAJO =NA N AOKLDEHAQ

SEPD KLPERQE  CNKSPD

K??QNNEJC =NKQJ@ 7!
$ °J =@@EPEKI OK B A 0PQ@
@ EAO OQCCAOP PD=P BARAN E=U
=HOK OPE M QH=PA NAHA=OA KB
><JG: ,=: GDA: D; I=: =NEDI=6A6BJH>C I=: >C;A6BB6IDGN G:HEDCH: %668GDE=6<:H G:8D<C>0: ENKJ OAMQAOPANEJC K1
E61=D<:CH>C 6C 66:6 6C9 G:A:6H: 8NID@C:H I1=61 16><<:6 >C;A6BB6I>DC , =: 8NID@C:H 6MD H:C9 6 LKQJ@0 BNKE PDA  HERAN

H><C6A JE 1=: K6<JH C:GK: ID I=: =NEDI=6A6BJIH _><JG: 9:H8C>EI>DC 6KG>67A: 61 I=: :CI D; I=: PDANASU OP=NREJC KQP

8=6EI:6
BEPNK>A0 PD=P NAHU KJ ENKJ

BKN CNKSPD

""QNEJC BARAN PDA O0GEJ N =U =LLA=N L=HA @QA PK R=0K?KJOPNE?PEKJ KB PDA >HKK@ RAOOAHO EJ PDA 0GEJ SDE?D EO B A@E

=PA@ >U PDA DULKPD=H= 1 Q0 PK @ERANP >HKK@ BHKS =S=U BNK I ATPNA B EPEAO B EJE B EVEJC PDA HKOO KB DA=P =J@ N=EOEJC
PDA ?KNA PA I LAN=PQNA 2DA DULKPD=H= 1 Q0 SEH =HOK OPE B QH=PA ODERANEJC KB N QO?HAO =JKPDAN ABBA?PERA B A?D=JE01
KB CAJAN=PEJC DA=P =J@ N=EOEJC PDA ?KNA PA I LAN=PQNA

2DA ?NEOEO LD=0A K??QNO SDAJ PDA BARAN >NA=GO 2DA DULKPD=H= 1 QO OPE I QH=PAO R=0K@EH=PEKJ NAOQHPEJC EJ = NAPQNJ
KB >HKK@ BHKS PK PDA 0GEJ =J@ = 0Q>0AMQAJP NAHA=0A KB DA=P BNK I PDA >K@U 2DA DULKPD=H#= 1 QO =HOK OPE I QH=PAO
0SA=PEJC SDE?D ?KKHO PDA 0GEJ =0 PDA 0SA=P AR=LKN=PAQO

$() #( ( RARRETT # ( # *)$ ey ($- “(



HPDKQCD = HKS HARAHBARAN I =U DAHL =J EJ@ERE@Q=H KRAN?K B A =J EHHJA00 EJ OK R AEJOP=J?A0 PDEOE N B QJA NAOLKJOA
?=J >A PKK OPNKIC ?=QOEJC PEOOQA =J@ KNC=J @= 1 =CA =J@ EJ OARANA ?=0A0 ARAJ @A=PD 2DAEJBH=1 B =PKNU NAOLKJOA
PK >=?PANE=H OQLAN=JPECAJO E0 KJA 0?AJ=NEK EJ SDE?D = HEBA PDNA=PAJEJC BARAN B=U @ARAHKL 1QLAN=JPECAJO =NA
>=7PANE=H KN REN=H LNKPAEJO PD=P ?=J ?=QO0A =J AT?AOCERA =?PER=PEKJ KB 2 ?AHH0 BNK I PDA OLA?EBE? =@=LPERA EN B QJA
@ABAJOA =0 SAHH =0 =J AT?AC0ERA NAHA=0A KB PUPKGEJAOQ PD=P KRANOPE I QH=PAQ PDA EJBH= 1 B =PKNU NAOLKJOA $KN AT= 1 LKA
+I6E=NAD8D88JH 6JG:IH =J@ +IG:EIDSD8BIH END<:C:H =NA ?=L=>HA KB LNK@Q?EJC 0QLAN=JPECAJO PD=P ?=QOA PKTE? ODK?G
OUJ@NK B A =J@ 0?=NHAP BARAN NAOLA?PERAHU  KPD KB PDAOA ?KJ@EPEKJO ?=J >A =00K?E=PA@ SEPD RANU DECD HEBA PDNA=P
AJEJC BARANO EJ AT?AC0KB 71 $

1.8 OVERVIEW OF SPECIFIC ADAPTIVE IMMUNITY

@=LPERA EN 1 QJEPU EO @ABEJA@ >U PSK E B LKNP=JP ?D=N=7PANEOPE?0 OLA?EBE?EPU =J@ N A B KNU 1LA?EBE?EPU NABANO PK
PDA =@=LPERA EI 1 QJA OUOPA B0 =>EHEPU PK P=NCAP OLA?EBE? L=PDKCAJO =J@ B A I KNU NABANO PK EPO =>EHEPU PK MQE?GHU
NAOLKJ@ PK L=PDKCAJO PK SDE?D EP D=0 LNAREKQOHU >AAJ ATLKOA@ $KN AT=NLHA SDAJ =J EJ@ERE@Q=H NA?KRANO BNK I
?DE?GAJLKT PDA >K@U @ARAHKLO = B:BDGN KB PDA EJBA?PEKJ PD=P SEH{ HE:8>;>86MN LNKPA?P EP BNK B PDA ?=Q0=PERA =CAJP
PDA R=NE?AHH= VKOPAN RENQO EB EP EO ATLKOA@ PK PDA RENQO =C=tJ

1LA?EBE?EPU =J@ B A B KNU =NA =?DEARA@ >U AOOAJPE=HHU LNKCN= 1 B EJC ?ANP=EJ ?AHHO EJRKHRA@ EJ PDAE I 1 QJA NAOLKJOA
PK NAOLKJ@ N=LE@HU PK 0Q>0AMQAJP ATLKOQNAO KB PDA L=PDKCAJ 2DE0 LNKCN=1 BEJC K??QNO =0 = NAOQHP KB PDA BENOP
ATLKOQNA PK = L=PDKCAJ KN R=??EJA SDE?D PNECCANO = LNE B =NU NAOLKJOA 1Q>0AMQAJP ATLKOQNAO NAOQHP EJ = 0A?
KJ@=NU NAOLKJOA PD=P EQ B=0PAN =J@ OPNKJCAN =0 = NAOQHP KB PDA >K@UIO B A I KNU KB PDA BENOP ATLKOQNA BECQNA

2DE0 0A?KJ@=NU NAOLKJOA DKSARAN EO OLA?EBE? PK PDA L=PDKCAJ EJ MQAOPEKJ $KN AT=1LHA ATLKOQNA PK KJA RENQO
AC R=NE?AHH= VKOPAN RENQO SEHi JKP LNKRE@A LNKPA?PEKJ =C=EJOP KPDAN REN=H @EOA=0A0 AC N A=0HA0O B QUNLO KN
LKHEK

@=LPERA OLA?EBE? EN N QJEPU EJRKHRAO PDA =?PEKJO KB PSK @EOPEJ?P ?AHH PULAO  HU B LDK?UPA0  ?AHHO =J@ 2 HU I
LDK?UPAO 2 ?AHH0  HPDKQCD  ?AHH0 =J@ 2 ?AHH0 =NEOA BNK I = ?K B B KJ DA I =PKLKEAPE? OPA I ?AHH @EBBANAJPE=PEKJ
L=PDS=U OAA BECQNA PDAEN OEPAO KB B =PQN=PEKJ =J@ PDAEN NKHAQ EJ =@=LPERAE R B QJEPU =NA RANU @EBBANAJP

PAHHO B =PQNA EJ PDA >KJA B =NNKS =J@ =NA NAOLKJOE>HA BKN PDA LNK@Q?PEKJ KB CHU?KLNKPAEJO ?=HHA@ =JPE>K@EAO
KNEN B QJIKCHK>QHEJO  JPE>K@EAO =NA EJRKHRA@ EJ PDA >K@UK0 @ABAJOA =C=EJOP L=PDKCAJO =J@ PKTEJO EJ PDA ATPN=
?AHHQH=N AJRENKJ B AJP +A?D=JE0 1 0 KB =@=LPERA OLA?EBE? EN B QJEPU PD=P EJRKHRA  ?AHH0 =J@ =JPE>K@U LNK@Q?PEKJ
=NA NABANNA@ PK =0 DQ R KN=H EN B QJEPU 2DA B =PQN=PEKJ KB 2 ?AHH0 K??QNO EJ PDA PDU B Q0 2 ?AH{0 BQJI?PEKJ =0 PDA
?AJIPN=H KN?DAOPN=PKN KB >KPD EJJ=PA =J@ =@=LPERA E 1 § QJA NAOLKJOAO 2DAU =NA =HOK NAOLKJOE>HA BKN @AOPNQ?PEKJ
KB ?AHH0 EJBA?PA@ SEPD EJPN="AHQH=N L=PDKCAJO 2DA P=NCAPEJC =J@ @AOPNQ?PEKJ KB EJPN=7AHHQH=N L=PDKCAJO0 >U 2 ?AHH0
EO ?=HHA@ ?AHH N A@E=PA@E R B QJEPU KN ?AHHQH=NEN B QJEPU
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H ) #H ( secondary
- Immune response
?PER=PEKJ KB PDA =@=LPERAE 1 1 QJA @ABAJOAD :é initial secondary
EO PNECCANA@ >U L=PDKCAJ OLAPEBE? NKHAPQKN & |© o e
OPNQ?PQNAQ ?=HIA@ =JPECAJ0  JPECAJO =NA “g
OF B E#=N PK PDA L=PDKCAJ =00K?E=PA@ B KHA?Q .8 primary
H=N L=PPANJO . —+.0 @F0?Q00A@ EJ 0A?PEKJ .E i
® response
___ DKSARAN SDANA=O . +.0=NA BKiA?Q &
=N OPNQ?PQNAO  BKQJ@ KJ  JQEANKQO § |
L=PDKCAJ0 =JPECAJO =NA QJEMQA PK = OLA?EBE? 4
L=PDKCAJ 2DA =JPECAJO0 PD=P OPE I QH=PA =@=L =
PERA ER 1 QJEPU PK ?DE?GAJLKT BKN AT= N LKA
=NA QJEMQA PK PDA R=NE?AtH= VKOPAN RENQO >QP  »<Jc: , H <G6E= SMIHIGEI:H I=: E©BBGN 6C9 H:8DCI66N >BBIC:
OECJIEBE?=JPHU @EBBANAJP BNK B PDA =JPECAJO  G:HEDCH:H G:A61:9 ID 6CI>7DIN EGD9JSISDC 6:1:6 6C >C>1564 6CI H:8DCIBEN
=00K?E=PA@ SEPD KPDAN REN=H L=PDKCAJO :MEDHJG: ID 6C 6CI><:C &DI>8: 1=61 1=: H:8DC96GN G:HEDCH: >H ;6HI:G 6C9

EGDK>9:H 6 BJ8= =><=:6 8DCB:CIG6I>DC D; 6CI>7DON _><JG: 9:HBG>EI>DC 6K6>A67A:
2DA PANKI 6CP<:C S=0 EJEPE=HHU QOA@ PK 6l I=: :C9D; I=: 8=6EI:G
@AOPNE>A I KHA?QHAO PD=P OPE I QH=PA PDA LNK
@Q?PEKI KB =JPE>K@EA0 EJ B=?P PDA PANI
?K B A0 BNK B = ?K B >EJ=PEKJ KB PDA SKN@0 6CI>>K@U =J@ <:CAN=PKN =J@ = B KHA?QHA PD=P OPE I QH=PAO =JPE>K@U LNK
@Q?PEKJ EO 0=E@ PK >A antigenic &KSARAN PDA NKHA KB =JPECAJO EO JKP HE B EPA@ PK DQ B KN=HE I B QJEPU =J@ PDA LNK
@Q?PEKJI KB =JPE>K@EAO =JPECAJO =HOK LH=U =J AOOAJPE=H NKHA EJ OPE B QH=PEJC ?AHHQH=N EB B QJEPU =J@ BKN PDEO NA=0KJ
=JPECAJO =NA OK I APE 1 A0 I KNA =??QN=PAHU NABANNA@ PK =0 E I B QIKCAJO *J PDEO PATP DKSARAN SA SEH PULE?=HHU NABAN
PK PDA R =0 =JPECAJO

-=PDKCAJO LKO0OAQO = R=NEAPU KB OPNQ?PQNAQ PD=P I =U ?KJP=EJ =JPECAJ0 $KN AT=1 LKA =JPECAJO BNK I >=?PANE=H PAHHO
1 =U >A =00K?E=PA@ SEPD PDAEN ?=LOQHAO ?AHH S=H{0 BE B >NE=A BH=CAHi= KN LEHE =?PANE=H =JPECAJO N =U =HOK >A =00K
7E=PA@ SEPD ATPN=?AHHQH=N PKTEJO =J@ AJVU I A0 PD=P PDAU OA?NAPA 4ENQOAO LKOOAOO = R=NEAPU KB =JPECAJO =00K?E=PA@
SEPD PDAEN ?=LOE@0 AJRAHKLAO =J@ PDA OLEGA OPNQ?PQNAO PDAU QOA BKN =PP=7D I AJP PK ?AHHO

JPECAJO B =U >AHKJIC PK =JU JQ I >AN KB I KHA?QH=N ?4=00A0 EJ?HQ@EJC ?=N>KDU@N=PAO HELE@O JQ?HAE? =?E@0 LNK
PAEJO =J@ ?K B >EJ=PEKJO KB PDAOA I KHA?QHAO  JPECAJO KB @EBBANAJP ?H=00A0 R=NU EJ PDAEN =>EHEPU PK OPE Il QH=PA =@=L
PERA EN 1 QJA @ABAJOAO =0 SAHH =0 EJ PDA PULA KB NAOLKJOA PDAU OPE B QH=PA DQ B KN=H KN ?AHQH=N 2DA OPNQ?PQN=H
?K B LHATEPU KB =J =JPECAJE? I KHA?QHA EO =J E B LKNP=JP B=7PKN EJ EPO =JPECAJE? LKPAJPE=H *J CAJAN=H N KNA ?K I LHAT
1 KHA?QHAO =NA B KNA ABBA?PERA =0 =JPECAJO $KN AT=NLHA PDA PDNAA @t B AJOEKJI=H ?K I LHAT OPNQ?PQNA KB LNKPAEJO
1=GAPDAN PDA 1 KOP ABBA?PERA =J@ LKPAJP =JPECAJO ?=L=>HA KB OPE I QH=PEJC >KPD DQ B KN=H =J@ ?AHQH=NE I B QJEPU
*J ?K B L=NEOKJ ?=N>KDU@N=PAO =NA HAQO ?K N LHAT EJ OPNQ?PQNA =J@ PDANABKNA HAOO ABBA?PERA =0 =JPECAJO PDAU ?=J
KJHU OPE I QH=PA DQ B KN=H EN B QJA @ABAJOAO *ELE@0 =J@ JQ?HAE? =?E@0 =NA PDA HA=OP =JPECAJE? N KHA?QHAO *J OK T A
?=0A0 PDAOA OPNQ?PQNAQ B =U KJHU >A?K I A =JPECAJE? SDAJ ?K I >EJAQ@ SEPD LNKPAEJO KN ?=N>KDU@N=PAO PK BKN I CHU
?KHELE@O HELKLNKPAEJO KN JQ?HAKLNKPAEJO

—JA NA=OKJ PDA PDNAA @E B AJOEKJ=H ?K I LHATEPU KB =JPECAJO EO OK E B LKNP=JP EQ PD=P =JPE>K@EAO =J@ 2 ?AHH0 @K JKP
NA?KCJEVA =J@ EJPAN=?P SEPD =J AJPENA =JPECAJ >QP SEPD O I =HHAN ATLKOA@ NACEKJO KJ PDA 0QNB=?A KB =JPECAJO ?=HiA@
ALEPKLAO  OEJCHA =JPECAJ 1 =U LKOOAQO OARAN=H @EBBANAJP ALEPKLAO BECQNA =J@ @EBBANAJP =JPE>K@EAC 1=U>EJ@
PK @EBBANAJP ALEPKLAO KJ PDA 0= B A =JPECAJ BECQNA $KN AT= 0 LHA PDA >=?PANE=H BH=CAHHQ B EOQ = H=NCA ?K I LHAT
LNKPAEJ OPNQ?PQNA PD=P ?=J LKO0AC0 DQJI@NA@O KN ARAJ PDKQ0=J@0 KB ALEPKLAO SEPD QJIEMQA PDNAA @E I AJOEKJ=H OPNQ?
PONAO +KNAKRAN BH=CAHi= BNK I @EBBANAJP >=?PANE=H OLA?EAO KN ARAJ OPN=EJO KB PDA 0= N A OLA?EA0 ?KJP=EJ QJEMQA
ALEPKLAO PD=P ?=J KJHU >A >KQJ@ >U OLA?EBE? =JPE>K@FAQ
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J =JPECAJIO OEVA EO =JKPDAN E B LKNP=JP B=?PKN EJ EPO =JPECAJE?
LKPAJPE=H SDANA=0 H=NCA =JPECAJE? OPNQ?PQNAO HEGA BH=CAHi=
LKOOAOO N QHPELHA ALEPKLAO OK BA B KHA?QHAO =NA PKK O B =H{ PK
>A =JPECAJE? >U PDA 1 0AHRAO 1Q?D N KHA?QHAO ?=HHA@ D=LPAJO
=NA AOOAJPE=HHU BNAA ALEPKLAQ PD=P =NA JKP L=NP KB PDA ?K I LHAT
PDNAA @E B AJOEKJ=H OPNQ?PQNA KB = H=NCAN =JPECAJ $KN = D=L
PAJ PK >A?K B A =JPECAJE? EP B QOP BENOP =PP=?D PK = H=NCAN ?=N
NEAN B KHA?QHA QOQ=HHU = LNKPAEJ PK LNK@Q?A = ?KJFQC=PA
=JPECAJ 2DA D=LPAJ OLA?EBE? =JPE>K@EA0 LNK@Q?A@ EJ
NAOLKJOA PK PDA ?KJFQC=PA =JPECAJ =NA PDAJ =>HA PK EJPAN=?P
SEPD QJI?KJIFQC=PA@ BNAA D=LPAJ I KHA?QHAO &=LPAJO =NA JKP
GJIKSJ PK >A =00K?E=PA@ SEPD =JU OLA?EBE? L=PDKCAJO0 >QP
PDAU =NA NAOLKJOE>HA BKN OK B A =HHANCE? NAOLKJOAO $KN AT=1
LHA PDA D=LPAJ QNQODEKH = BKHA?QHA BKQJ@ EJ PDA KEH KB
LH=JP0 PD=P ?=QOA LKEOKJ ERU ?=QOA0 =J EN §QJA NAOLKJOA

epitopes

— antigen

—

><JG: C 6CI><:C>H 6 B68GDBDA:8JA: 1=61 G:68IH L>I=
8DBEDC:CIH D; I=:>BBJC: HNHI:B  <>K:C 6CI><:C B6N
8DCI6>C H:K:G6A BDI>;H 1=61 66: 6:8D<C>0:9 7N >BBJC: 8:AH
><JG: 9:HBG>EIPDC 6K6>467A: 61 1=: :C9 D; I=: 8=6EI:6

PD=P ?=J NAOQHP EJ = OARANAN=0D ?=HHA@ ?KJP=7P @AN I =PEPEO 1E N EH=NHU PDA D=LPAJ LAJE?EHEJT ?=J ?=QO0A =HHANCE? NA=?

PEKJO0 PK @NQCO EJ PDA LAJE?EHHET ?H=00

-

R" 3 ’» antigen

epitope

wr
s §
VK
0 7N
L_, \
><JG: INE>86A EGDI:>C 6CI><:C =6H BJAIEA: :E>IDE:H

H=DL.C 7N I=: 67>PIN D; 1=G:: 9>;;:6:CI 6CI>7D9>:H ID 7>C9 ID

9>;::6:Cl :B>IDE:H D; 1=: H6B: 6CI><:C

6K6>467A: 61 I=: :C9 D; I=: 8=6EI:G

#) $  (

JPE>K@EAO =HOK ?=HHA@ E I B QIKCHK>QHEJO =NA CHU?KLNKPAEJO PD=P =NA LNAOAJP EJ >KPD PDA >HKK@ =J@ PEOOQA BHQE@O
2DA >=0E? OPNQ?PQNA KB =J =JPE>K@U B KJIK B AN ?KJOEOPO KB BKQN LNKPAEJ ?D=EJ0 DAH@ PKCAPDAN >U @EOQHBE@A >KJ@0

BECQNA

@EOQHBE@A >KJ@ E0 = ?KR=HAJP >KJ@ >APSAAJ PDA 0QHBDU@NUH * CNKQLO BKQJI@ KJ PSK ?UOPAEJA = I EJK

=?E@0 2DA PSK H=NCAOP ?D=EJO =NA EQAJPE?=H PK A=?D KPDAN =J@ =NA ?=H{A@ PDA DA=RU ?D=EJ0 2DA PSK 0 I =fHAN ?D=EJO
=NA =HOK E@AJPE?=H PK A=?D KPDAN =J@ =NA ?=HHA@ PDA HECDP ?D=EJ0 (KEJA@ PKCAPDAN PDA DA=RU =J@ HECDP ?D=EJOBKN I =

>=0E? 7 0D=LA@ OPNQ?PQNA

$0

#(O (T
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2DAPSK I=N 10n KB PDA 7 0D=LA@ =JPE>K@U B KHA?QHA =NA GIKSJ =0 PDA $=> NACEKJ BN=C I AJP KB =JPECAJ >EJ@EJC
2DA B=N AJ@ KB PDA $=> NACEKJ EO PDA R=NE=>HA NACEKJ SDE?D 0ANRAO =0 PDA OEPA KB =JPECAJ >EJ@EJC 2DA =N1EJK
=7E@ OAMQAJ?A EJ PDA R=NE=>HA NACEKJ @E?P=PAO PDA PDNAA @E I AJOEKJ=H OPNQ?PQNA =J@ PDQO PDA OLA?EBE? PDNAA @E I AJ
OEKJ=H ALEPKLA PK SDE?D PDA $=> NACEKJ E0 ?=L=>HA KB >EJ@EJC  HPDKQCD PDA ALEPKLA OLA?EBE?EPU KB PDA $=> NACEKJO
EO E@AJPE?=H BKN A=?D =N I KB = OEJCHA =JPE>K@U N KHA?QHA PDEO NACEKJ @EOLH=UO = DECD @ACNAA KB R=NE=>EHEPU >APSAAJ
=JPE>K@EAO SEPD @EBBANAJP ALEPKLA OLA?EBE?EPEA0  EJ@EJC PK PDA $=> NACEKJ EO JA?AC0=NU BKN JAQPN=HEV=PEKJ KB
L=PDKCAJO =CCHQPEJ=PEKJ KN =CCNAC=PEKJ KB L=PDKCAJ0 =J@ =JPE>K@U @ALAJ@AJP ?AH N A@E=PA@ ?UPKPKTE?EPU

2DA ?KJ0P=JP NACEKJ KB PDA =JPE>K@U B KHA?QHA EJ?HQ@AO PDA PNQJG KB PDA 7 =J@ HKSAN LKNPEKJ KB A=?D =N I KB PDA
7 2DAPNQJG KB PDA 7 EO =HOK ?=HHA@ PDA $? NACEKJ BN=C B AJP KB ?NUOP=H{EV=PEKJ =J@ EO PDA OEPA KB ?K I LHA B AJP B=?
PKN >EJ@EJC =J@ >EJ@EIC PK LD=CK?UPE? ?AHH0 @QNEJC =JPE>K@U N A@E=PA@ KLOKJEV=PEKJ

antigen-binding site

— ( disulfide bonds

‘ — variable
Fab | region
region =
light
= chain
— constant
Fc ] region
region
(@ (b)

><JG: 6 ,=: INE>86A ;DJG 8=6>C HIGJI8IJG: D; 6 <:C:6>8 6CI>7DON BDCDB:G 7 ,=: 8DGG:HEDCO>C< I1=G:: 9>B:CHDC6A

HIGJIBIJG: D; 1=: 6CI>7DON < ><JG: 9:HBG>EIPDC 6K6>467A: 61 1=: :C9 D; I=: 8=6EI:6

/5H0%:  -"'4484

2DA ?KJO0P=JP NACEKJ KB =J =JPE>K@U N KHA?QHA @APAN B EJAO EPO ?H=00 KN EOKPULA 2DA BERA ?H=00A0 KB =JPE>K@EAO =NA
'C% 'C+ 'C 'C'" =J@ "C# #=7D ?4=00 LKOOAOOAO QJIEMQA DA=RU ?D=EJ0 @ACECI=PA@ >U PDA %NAAG HAPPANO

=J@ NAOLA?PERAHU  JPE>K@U ?H=00A0 =HOK ATDE>EP E B LKNP=JP @EBBANAJ?AQ EJ =>QJ@=J?A EJ OANQ I =NN=JCA 1 AJP
>K@U OEPAO KB =?PEKJ BQJI?PEKJ=H NKHAO =J@ OEVA P=>HA

1gG E0 = I KJIK AN PD=P EO >U B=N PDA B KOP =>QJ@=JP =JPE>K@U EJ DQ B =J >HKK@ =??KQJPEJC BKN =>KQP KB PKP=H
OANQ I =JPE>K@U *C% LAJAPN=PAO ABBE?EAJPHU EJPK PEOOQA OL=?A0 =J@ EO PDA KJHU =JPE>K@U ?H=00 SEPD PDA =>EHEPU PK
?NKO0O PDA LH=?AJP=H >=NNEAN LNKRE@EJC L=00ERAE N N QJEPU PK PDA @ARAHKLEJC BAPQO @QNEJC LNACJI=J?U *C% EO =HOK PDA
1 KOP RANO=PEHA =JPE>K@U ?H=00 EJ PAN I O KB EPO NKHA EJ PDA >K@UK0 @ABAJOA =C=EJOP L=PDKCAJO0

IgM EO EJEPE=HHU LNK@Q?A@ EJ = B KIK B ANE? BA B >N=JA >KQJ@ BKN I PD=P OANRAO =0 =J =JPECAJ >EJ@EJC NA?ALPKN KJ

?AHHO 2DA OA?NAPA@ BKN I KB *C-+ =00A I >HAO EJPK = LAJP= 1 AN SEPD BERA B KJIK B ANO KB "C—+ >KQJ@ PKCAPDAN >U =
LNKPAEJ OPNQ?PQNA ?=HHA@ PDA ( ?D=EJ  HPDKQCD PDA HK?=PEKJ KB PDA ( ?D=EJ NAH=PERA PK PDA $? NACEKJO KB PDA BERA
1 KIK 1 ANO LNARAJPO "C—+ BNK B LANBKN BEJC OK B A KB PDA BQJ?PEKJO KB *C% PDA PAJ =R=EH=>HA $=> 0EPAO =00K?E=PA@
SEPD = LAJP= R ANE? *C+ B =GAEP =J E I LKNP=JP =JPE>K@U EJ PDA >K@UK0 =NOAJ=H KB @ABAJOAO *C— EO PDA BENOP =JPE>K@U
LNK@Q?A@ =J@ OAPNAPA@ >U  ?AHH0 @QNEJC PDA LNE B =NU =J@ 0A?KJ@=NU E B § QJA NAOLKJOAO N =GEJC L=PDKCAJ OLA
?EBE? "C+ = R=HQ=>HA @E=CJIKOPE? B =NGAN @QNEJC =?PERA KN NA?AJP EJBA?PEKJO
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IgA =7?KQJP0 BKN =>KQP KB PKP=H OANQ I =JPE>K@U =J@ OA?NAPKNU *C EO PDA B KOP ?K N BKJ =J@ =>QJ@=JP
=JPE>K@U ?H=00 BKQJ@ EJ PDA 1 Q?Q0 OA?NAPEKJO PD=P LNKPA?P PDA B Q?KQ0 BAE>N=JA0 *C ?=J =HOK >A BKQJ@ EJ
KPDAN OA?NAPEKJO0 0Q?D =0 >NA=0P B EHG PA=NO =J@ O=HER= 1A?NAPKNU *C EO =00A I >HA@ EJPK = @E B ANE? BKN | SEPD PSK
1 KIK B ANO FKEJA@ >U = LNKPAEJ OPNQ?PQNA ?=HiA@ PDA OA?NAPKNU ?K I LKJAJP —JA KB PDA E B LKNP=JP BQJ?PEKJO KB
OA?PNAPKNU *C  EO PK PN=L L=PDKCAJO EJ 1 Q?Q0 OK PD=P PDAU ?=J H=PAN >A AHE R EJ=PA@ BNK I PDA >K@U

1EREH=NPK "C+ IgD E0O = RAB>N=JA >KQJ@ B KIK N AN BKQJ@ KJ PDA OQNB=7?A KB ?AHHO SDANA EP OANRAO =0 =J =JPE
CAJ >EJ@EJC NA?ALPKN &KSARAN *C"" EO JKP OA?NAPA@ >U  ?AHH0 =J@ KJHU PN=?A = 1 KQJPO =NA @APA?PA@ EJ OANQ I
2DA0A PN=?A = 1 KQJPO I KOP HEGAHU ?K I A BNK I PDA @ACN=@=PEKJ KB KH@ ?AHH0 =J@ PDA NAHA=0A KB *C"* I KHA?QHAO BNK
PDAEN ?UPKLH=0 RE? BA B >N=JA0

IgE EO PDA HA=0P =>QJ@=JP =JPE>K@U ?1=00 EJ OANQ I *EGA "C% EP EO OA?NAPA@ =0 = R KJK B AN >QP EPO NKHA EJ =@=LPERA
EN 1 QJEPU EO NAOPNE?PA@ PK =JPE L=N=0EPE? @ABAJOAO 2DA $? NACEKJ KB *C# >EJ@0 PK >=0KLDEHO =J@ W =0P ?AHH0 2DA $=>
NACEKJ KB PDA >KQJ@ "C# PDAJ EJPAN=7P0 SEPD OLA?EBE? =JPECAJ ALEPKLAO ?=QOEJC PDA ?AHHO PK NAHA=0A LKPAJP LNK
EJBH=0 B =PKNU B A@E=PKNO 2DA EJBH=1 B =PKNU NA=?PEKJ NAOQHPEJC BNK I PDA =?PER=PEKJ KB N =0P ?AHHO =J@ >=0KLDEHO
=E@0 EJ PDA @ABAJOA =C=EJOP L=N=0EPAO >QP PDEO NA=?PEKJ EO =HOK ?AJPN=H PK =HHANCE? NA=7PEKJO

A R i S A VG

1PNQ?PQNA
Secretory
component
&A=RU ?D=£J0
. QI >ANKB
=JPECAJ >EJ@EIC
OEPAQ
-+KHAPQH=N SAECDP
*"=HPKJO0
- AN?AJP=CA KB PKP=H
1 KIK BAN
=JPE>K@U EJ 0ANQ I
1NKOOAQ LH=?AJP= UAO JK JK JK JK
$ETAO 2K ELHARAJP  UAO UAO JK JK JK
1 =0P ?AH#0 =J@
2 > =CK?!
$? >£J@0 PK LD=CK?UPAQ S=OKLDEH0
. AQPN=HEV=PEKJ
=CCHQPEJ=PEKJ . AQPN=HEV=PEKJ JPERSPEK] KB
2K I LHA B AJP =CCHQPEJ=PEKJ , AQPN=HEV=PEKJ =J@ >=0KLDE0 =@ 1 =0P
$QIMEKI =PER=PEKJ 2K N LHA B AJP PN=LLEJC K8 oA NAPALPKN 7;HHO _ C_EJE)P h
‘ KLOKJEV=PEKJ =J@  =?PER=PEKJ 2DA L=PDKCAJO EJ ' ' L—N—O_EPA_O 38
=JPE>K@U @ALAJ@AJ  EKJIK HANOANRAO=0 = 1Q?Q0 _H'HA&CA JO_
P2AH N AGE=PA@ PDA  2AH NA?ALPKN h
2UPKPKTE?EPU
,67A: ,=: K: >BBJICDAD7ILC 1< 8AGHH:H
$0 #( ( UHS # ( # ey (BT °(



#) # #) $ . #) ") BH(

" "EBBANAJP ?H=00A0 KB =JPE>K@EAO LH=U E B LKNP=JP NKHAO EJ PDA >K@UI0 @ABAJOA =C=EJOP L=PDKCAJO 22DA0A BQJ?PEKJO
EJ?HQ@A JAQPN=HEV=PEKJ KB L=PDKCAJO KLOKJEV=PEKJ BKN LD=CK?UPKOEO =CCHQPEJ=PEKJ ?K N LHA B AJP =?PER=PEKJ =J@
=JPE>K@U @ALAJ@AJP ?AH B A@E=PA@ ?UPKPKTE?EPU $KN B KOP KB PDAOA BQJ?PEKJO0 =JPE>K@EAO =HOK LNKRE@A =J E I LKN
P=JP HEJG >APSAAJ =@=LPERA OLA?EBE? E B B QJEPU =J@ EJJI=PA JKJOLA?EBE? EN B QJIEPU

» AQPN=HEV=PEKJ EJRKHRAO PDA >EJ@EJC KB ?ANP=EJ =JPE>K@EAO0 'C% 'C+ KN "C  PK ALEPKLAO KJ PDA OQNB=?A KB
L=PDKCAJO KN PKTEJO LNARAJPEJC PDAEN =PP=?D B AJP PK ?AHH0 $KN AT=NLHA 1APNAPKNU 'C ?=J >EJ@ PK OLA?EBE?
L=PDKCAJO =J@ >HK?G EJEPE=H =PP=7D B AJP PK EJPAOPEJ=H N Q?KO=H ?AHHO 1E N EH=NHU OLA?EBE? =JPE>K@EAQ ?=J >EJ@ PK ?AN
P=EJ PKTEJO >HK?GEJC PDA I BNK B =PP=?DEJC PK P=NCAP ?AHH0 =J@ PDQO JAQPN=HEVEJC PDAEN PKTE? ABBA?PO 4ENQOAQ ?=J >A
JAQPN=HEVA@ =J@ LNARAJPA@ BNK I EJBA?PEJC = ?AHH >UPDA 0=1A BA?D=JE0ON BECQNA

\

diphtheria ~|: % antibody
toxin _ /
N

i },, =
Vg X /
><J6: &:JIG6A061>DC >CKDAK:H I=: 7>C9>C< D; HE:8>;>8 6CI>7D9>:H ID 6CI><:CH ;DJC9 DC 7681:6>6 K>GJIH:H
6C9 IDM>CH EG:K:CPC< 1=:B ;GDB 61168=>C< ID 166<:1 8:MH ><JG: 9:H8G>EI>DC 6K6>467A: 61 I=: :C9 D; I=:

8=6EI:G

0 @AOPNE>AQ EJ OAPPEKD  KLOKJEV=PEKJ EO PDA 2K=P ¢ receptor P
EJC KB = L=PDKCAJ SEPD B KHA?QHAO 0Q?D =0 2K I L#A B AJP L s /
B=7PKNO 1 NA=?PERA LNKPAEJ =J@ OANQE =NUHKEQ  PK >
=00E0P EJ LD=CK?UPA >EJ@EJC PK B=?EHEP=PA LD=CK?UPKOEQ
"C% =JPE>K@EAD =HOK OANRA =0 AT?AMAJP KLOKJEJO >EJ@
EJC PDAEN $=> QEPAO PK OLA?EBE? ALEPKLAO KJ PDA OQNB=?A pathogen
K8 L=PDKCAJO .D=CK?UPE? 2A#0 0Q?D =0 B =?NKLD=CAQ
@AJGNEPE? 2AHO0 =J@ JAQPNKLDEHO D=RA NA?ALPKNO KJ
PDAEN OQNB=?A0 PD=P NA?KCJEVA =J@ >EJ@ PK PDA $? LKN
PEKJ KB PDA *C% N KHA?QHAO PDQO *C% DAHLO 0Q?D LD=CK
2UPAO0 =PP=D PK =J@ AJCQH PDA L=PDKCAJO PDAU D=RA
>KQJ@ BECQNA

><J6: CI>7D9>:H H:GK: 6H DEHDC>CH 6C9 >C=>7>1 >C;:81>DC 7N
16<<>C< E6I=D<:CH ;DG 9:HIGI8I>DC 7N B68GDE=6<:H 9:C9G>I>8 8:AH

CCHQPEJ=PEKJ KN =CCNAC=PEKJ EJRKHRAO PDA 2NK0O HEJG 6C9 C:JIGDE=>H ,=:H: E=6<D8NI>8 8:MH JH: 8 G:8:EIDGH ID 7>C9 ID
1< DEHDC>0:9 E61=D<:CH 6C9 >C>I>61: 1=: ;>GHI HI:E D; 61168=B:Cl

EIC KB L=PDKCAJO >U =JPE>K@EAD PK PNA=PA H=NCA =CONA oo e o nonimH  5<J6: 0:HBREIDC BKBA67A: 61 I=: :C9 D: I=
C=PAQ BECQNA "C% D=0 PSK $=> =JPECAJ >EJEEIC g (r ..

OEPA0 SDE?D ?=J >EJ@ PK PSK OAL=N=PA L=PDKCAJ ?AH{0

2HQ I LEJC PDA I PKCAPDAN SDAJ 1 QHPELHA "C% =JPE>K@

EAO =NA EJRKHRA@ H=NCA =CCNAC=PAO ?=J @ARAHKL PDAOA =CCNAC=PAQ =NA A=0EAN BKN PDA GE@JAUO =J@ OLHAAJ PK BEHPAN
BNK I PDA >HKK@ =J@ A=0EAN BKN LD=CK?UPAO PK EJCAOP BKN @AOPNQ?PEKJ 2DA LAJP= I ANE? OPNQ?PQNA KB *C+ LNKRE@AO
PAJ $=> SEJ@EJIC OEPAO LAN N KHA?QHA N =GEJC EP PDA N KOP ABBE?EAJP =JPE>K@U BKN =CCHQPEJ=PEKJ

$0 #( ( TTUTTHS #( # RIS URH @& «(



JKPDAN E B LKNP=JP BQJ?PEKJ KB =JPE>K@EAQ EO =?PER=
PEKJ KB PDA ?K I LHA B AJP ?=0?7=@A 2DA ?K I LHA 1 AJP 0UO
PAN EO=JE N LKNP=JP ?K I LKJAJP KB PDA EJJ=PA @ABAJOAO
LNK B KPEJC PDA EJBH=H B =PKNU NAOLKJOA NA?NQEPEJC
LD=CK?UPAQ PK OEPA KB EJBA?PEKJ AJD=J?EJC LD=CK?UPK
0E0 >U KLOKJEV=PEKJI =J@ GEHHEIC CN=0 JAC=PERA >=7PAN
E=f L=PDKCAJO SEPD PDA BAR>N=JA =PP=?G ?K N LHAT

+ 1 TKEILHARAJP =?PER=PEKJ ?=J K??QN PDNKQCD
PDNAA @EBBANAJP L=PDS=U0 O0AA BECQNA >QP PDA B KOP
ABBE?EAJP EO PDA ?H=00E?=H L=PDS=U SDE?D NAMQENAO PDA
EJEPE=H >EJ@EJC KB "C% KN *"C—+ =JPE>K@EAQ PK PDA OQNB=?A
KB = L=PDKCAJ ?AtH =HKSEJC BKN NA?NQEP I AJP =J@ ="7PE
R=PEKJ KBPDA ¥ ?K I LHAT

epitope

7AP =JKPDAN E I LKNP=JP BQJ?PEKJ KB =JPE>K@EAOQ EO =JPE
>K@QU @ALAJ@AJP ?AM N AQ@E=PA@ ?UPKPKTE?tPU  *"I 1
SDE?D AJD=J?A0 GEHEJC KB L=PDKCAJO0 PD=P =NA PKK H=NCA
PK >A LD=CK?UPKOA@ 2DE0 LNK?A00 EO >A0P ?D=N=?PANEVA@

BKN J=PQN=f GEHHAN ?AHO , ) ?AHO =0 ODKSJ EJ BECQNA  ><J6: CI7D>:H HE:B6MN 1<% 6CI>7D9:H 6<<AIICHI:

>QP EP ?=J =HOK EJRKHRA B =?NKLD=CA0 =J@ 7681:6>6 7N 7>C9>C< ID :E>IDE:H DC ILD DG BDG: 7681:6>6

AKOEJKLDEHO "1 ¥ K??QNO SDAJ PDA $=> NACEKJ KB =J HBJANEC:DIHN /=:C BJIADEA: E6I=D<:CH 6C9 6CI>7D9>:H 66:
"C% =JPE>K@U >EJ@0 PK = H=NCA L=PDKCAJ $? NAPALPKNO EG:H:Cl 6<<G:<B1:H ;06B L=:C I=: >COC< H:H D; 6CI>7D9>:H 7>C9

NACEKJ KB PDA =JPE>K@U SNEJCEIC PDA B EJPK 2HKOA LNKT ~ =-8=6ELE
E N EPU SEPD PDA P=NCAP L=PDKCAJ 2DA ABBA2PKN 2AH PDAJ
OAPNAPAO LKSANBQH 2UPKPKTEJO AC LANBKNEJ =J@ CN=JVU I AQ PD=P GEH PDA L=PDKCAJ

Fc receptor

NK cell

IgG antibody

antigen cytotoxins

pathogen

><JG: IC I=>H :M6BEA: D; 6CI>7D9>:H 7>C9 ID 6 A6G<: E61=D<:C>8 8:M I=61>H IDD 7>< ;DG
E=6<D8NIDHH 6C9 I=:C 7>C9 ID 8 G:8:EIDGH DC I=: B:B7G6C: D; 6 C61JG6A @>A:G 8:M , =>H>CI:G68I>DC 76>C<H I=:
&# 8:M>CID 8ADH: EGDM>B>IN L=:6: >I 86C @Ak I1=: E6I=D<:C I=6DJ<= G:A:6H: D; A:1=6A :MIG68:AIAGG 8NIDIDM>CH
><JG: 9:HBG>EIDC 6K6>A67A: 61 1=: :C9 D; I=: 8=6EI:G
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1.9 MAJOR HISTOCOMPATIBILITY COMPLEXES AND
ANTIGEN-PRESENTING CELLS

0 @E0?QO0A@ EJ OA?PEKJ I =FKN DEOPK?K B L=PE>EHEPU ?K B LHAT +& 1 B KHA?QHAO =NA ATLNAGOA@ KJ PDA OQNB=?A
KB DA=HPDU ?AHH0 E@AJPEBUEJC PDA R =0 JKN B =H =J@ I0AHBM PK J=PQN=H GEHHAN , ) ?AHO +& 11 B KHA?QHAO =HOK LH=U =J
E B LKNP=JP NKHA EJ PDA LNAOAJP=PEKJ KB BKNAECJ =JPECAJ0 SDE?D EO = ?NEPE?=H OPAL EJ PDA =?PER=PEKJ KB 2 ?AH{0 =J@
PDQO=J E N LKNP=JP B A?D=JEO I KBPDA =@=LPERAEN B QJAOUCPAI

TSt 0% TR ) ). TR - TSI *1 (

2DA 1 =FKN DEOPK?K B L=PE>EHEPU ?K B LHAT +& ¥ EO = ?KHHA?PEKJ KB CAJAO ?K@EJC BKN +& ¥ 1 KHA?QHAO BKQJ@ KJ PDA
OQNB=7A KB =Hf JQ?HA=PA@ ?AH{0 KB PDA >K@U °"J DQ 1=J0 PDA +& 1 CAJAO =NA =HOK NABANNA@ PK =0 DQ I =J HAQGK?UPA
=JPECAJ &* CAJAO0 —+=PQNA NA@ >HKK@ ?AHH0 SDE?D H=?G = JQ?HAQO =NA PDA KJHU ?AHH0 PD=P @K JKP ATLNACO +& !
1 KHA?QHAO KJ PDAEN OQNB=?A

2DANA =NA PSK ?H=00A0 KB +& ¥ B KHA?QHAO EJRKHRA@ EJ =@=LPERAE N B QJEPU +& ¥ " =J@ +& ! " BECQNA +&!
* 1 KHA?QHAO =NA BKQJ@ KJ =i JQ?HA=PA@ ?AHH0 PDAU LNAOAJP JKN I =H OAHB =JPECAJ0 =0 SAH =0 =>JKN I =H KN JKJOAHB
L=PDKCAJO PK PDA ABBA?PKN 2 ?AHH0 EJRKHRA@ EJ ?AHHQH=N EN B QJEPU *J ?KIPN=0P +& 1 ** 1 KHA?QHAO =NA KJHU BKQJ@
KJ 1 =?NKLD=CAO0 @AJ@NEPE? ?AHH0 =J@ ?AHHO PDAU LNAOAJP =>JKN I = KN JKJOAHB L=PDKCAJ =JPECAJO BKN PDA EJEPE=H
=?PER=PEKJ KB 2 ?AHHO

KPD PULAO KB +& 1 1 KHA?QHAO =NA PN=J0 B A | >N=JA CHU?KLNKPAEJO PD=P =00A I >HA =0 @E B ANO EJ PDA ?UPKLH=0 N E?
1 A1 >N=JA KB ?AHH0 >QP PDAEN OPNQ?PQNAQ =NA MQEPA @EBBANAJP +& T * I KHA?QHAO =NA ?K I LKOA@ KB =HKJCAN  LNKPAEJ
?D=EJ ?KQLHA@ SEPD = 0 I =HHAN 1 E?NKCHK>QHEJ LNKPAEJ =J@ KJHU PDA  ?D=EJ OL=J0 PDA ?UPKLH=0 BE? BA R >N=JA
2DA  ?D=tEJ KB PDA +& 11 " N KHA?QHA BKH@O0 EJPK PDNAA OAL=N=PA @K I =EJO =J@ +&1 " 1 KHA?QHAO =NA
?K 1 LKOA@ KB PSK LNKPAEJ ?D=EJ0 =J =J@ = ?D=EJ PD=P =NA =LLNKTE B =PAHU OF B Ei=N EJ HAJCPD  KPD ?D=EJ0 KB
PDA +& 1 ' 1 KHA?QHA LKOOAOO LKNPEKJO PD=P OL=J PDA LH=0 1= BAE>N=JA =J@ A=?D ?D=EJ BKH@0 EJPK PSK OAL=N=PA
@K 1=EJ30 =J@ =J@ =J@ *J KN@AN PK LNAOAJP =>JKN I = KN JKJ O0AHB =JPECAJO PK 2 ?AHO +& 1 BKH
A?QHAO D=RA = ?HABP PD=P OANRAQ =0 PDA =JPECAJ >EJ@EJC OEPA JA=N PDA PKL KN KQPAN I KOP LKNPEKJ KB PDA +& 1 * KN
+&Y1 " @ENAN $KN +& ¥ * PDA =JPECAJ >EJ@EJC 7HABPEOBKNBA@ >UPDA  =J@ @K UE=EJ0 SDANA=QBKN +&1 **
PDA PHABPEO BKNBA@ >UPDA  =J@ @K B =EJO BECQNA

extracellular fluid

MHC Class | MHC Class I

antigen antigen
binding cleh\ binding cleft

phospholipid bilayer
(plasma membrane)

' OO0
all nucleated macrophages,dendritic
cytoplasm body cells cells, and B cells
><J6: %  166:;DJCI9 DC 6M CJIBA:61:9 7DIN 8:MH 6C9 % I 66: ;DICI DC BBYGDE=6<:H
9:C9G>1>8 8:MH 6C9  8:MH 6ADC< L>I=% I ,=:6CPh<:C 7>C9C< 8A:;1 D; % 154 ;D6B:9 7N

9DB6>CH  6C9 ,=: 6CP<:C 7>CPC< 8A:;1 D; % 11>4;D6B:9 7N 9DB6>CH  6C9 ><JG:
9:H8G>EI>DC 6K6>A67A: 61 1=: :C9 D; I=: 8=6EI:G
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i JQ?HA=PA@ ?AHHO EJ PDA >K@U D=RA R A?D=JE0 B0 BKN LNK?AOCEJC =J@ LNAOAJPEJC =JPECAJO EJ =00K?E=PEKJ SEPD
+& 1 B KHA?QHAO 2DEO OECJ=HO PDAE R B QJA OUOPA R EJ@E?=PEJC SDAPDAN PDA ?AHH EO JKN B =H =J@ DA=HPDU KN EJBA?PA@
SEPD =J EIPN=7AHHQH=N L=PDKCAJ &KSARAN KJHU B=?NKLD=CA0 @AJ@NEPE? ?AHH0 =J@ ?AHH0 D=RA PDA =>EHEPU PK LNA
0AJP =JPECAJO OLA?EBE?=HHU BKN PDA LQNLKOA KB =?PER=PEJC 2 ?AHH0 BKN PDEO NA=0KJ PDAOA PULAQ KB ?AHHO =NA OK I APE I AO
NABANNA@ PK =0 =JPECAJ LNAOGAJPEJC ?AH0 . 10

5DEHA =M . 10 LH=U = OE N EH=N NKHA EJ =@=LPERA EN B QJEPU PDANA =NA OK B A EN LKNP=JP @EBBANAJ?AO PK ?KJOE@AN
+=?NKLD=CA0 =J@ @AJ@NEPE? ?AHH0 =NA LD=CK?UPAQ PD=P EJCAOP =J@ GEHH L=PDKCAJO PD=P LAJAPN=PA PDA BENOP HEJA >=N

NEANO EA OGEJ =J@ NQ?KQ0 RAE>N=JA0  ?AH0 KJ PDA KPDAN D=J@ @K JKP BQJ?PEKJ =0 LD=CK?UPAO >QP LH=U = LNE

1 =NU NKHA EJ PDA LNK@Q?PEKJ =J@ OA?NAPEKJ KB =JPE>K@EAD "J =@@EPEKI SDANA=0 N =?NKLD=CA0 =J@ @AJ@NEPE? ?AHHO
NA?KCJEVA L=PDKCAJO PDNKQCD JKJOLA?EBE? NA?ALPKN EJPAN=?PEKJO AC . -+ _0 PKH HEGA NA?ALPKNO =J@ NA?ALPKNO
BKN KLOKJEVEJC ?K I LHA R AJP KN =JPE>K@U ?AHH0 EJPAN=7P SEPD BKNAECJ L=PDKCAJO KN PDAEN BNAA =JPECAJO QOEJC
=JPECAJ OLA?EBE? ER B QIKCHK>QHEJ =0 NA?ALPKNO B KJIK BANE? "C"" =J@ 'C+ SDAJPDAER B QJIKCHK>QHEJ NA?ALPKNO
>EJ@ PK =J =JPECAJ PDA  ?AHH EJPANJ=HEVAO PDA =JPECAJ >U AJ@K?UPKOEO >ABKNA LNK?AOOEJC =J@ LNAOAJPEIC PDA =JPE

CAJ PK 2 ?AHHO

/5(&/ 38487550/ 8%5) 0-636-&4

+& 1 " 1 KHA?QHAO =NA KJHU BKQJ@ KJ PDAOQNB=?A KB . 10 o
@ A bacterium is

+=?NKLD=CAQ =J@ @AJ@NEPE? ?AHHO QOA OE N EH=N B A?D=JEO RO engulfed by bacterial pathogen
BKN LNK?AQ0EJC =J@ LNAOAJP=PEKJ KB =JPECAJO =J@ PDAEN ALE phagocytosis
PKLAO EJ =00K?E=PEKJ SEPD +&1 **  2AHO0 QOA OK I ASD=P L’;‘ﬁ :nffigd”“c
@EBBANAJP N A?D=JEO B0 PD=P SEH >A @AO?NE>A@ BQNPDAN EJ ancasadin &
0APPEKJ $KN IJKS SA SEH BK?Q0 KJ PDA OPALO KB PDA phagosome. —
LNK?A00 =0 PDAU LANP=EJ PK @AJ@NEPE? 2AHO : =i
x : / phagosome

BPAN = @AJ@NEPE? ?AH NAPKCJIEVAO =J@ =PP=?DA0 PK = antigen > and digest

L=PDKCAJ ?Ai PDA L=PDKCAJ EO EJPANJ=HEVA@ >U LD=CK?UPK \ ¥ L= T

OF0 =J@ EO EJEPE=HIU ?KIP=EJA@ SEPDEJ = LD=CKOK BA *UOK 3

OK B A0 2KJIP=EJEIC =JPE I EPNK>E=H AJVU 1 AQ =J@ 2DA B E2=H0 / =

BOOA SEPD PDA LD=CKOK NA PK ?NA=PA = LD=CKHUOKOK I A \\

SDANA @ACN=@=PEKJ KB PDA L=PDKCAJ BKN =JPECAJ LNK?A00 / aRneiiicee
EJC >ACEJ0 .NKPA=0AO LNKPAEJ @ACN=@EIC =NA AOLAZE=HU

ENLKNP=JP EJ =JPECAJ LNK?A00EJC >A?=Q0A KJHU LNKPAEJ @Immunodominant epitopes are

_ _ . associated with MHC Il and
a;ZECAJ ALEPKLAO =NA LNAOAJPA@ PK 2 ?AH0 >U +& 1 BEC presehiad on the coll SUacs,

MHC I

><JG: 9:C96>1>8 8:M E=6<D3NIDH:H 6 7681:G>6A 8:M 6C9
] = ?
- 10 @K JKP LNAOAJP =Ht LKOOE>HA ALEPKLAQ PK 2 ?AH0 KJHU 76C<H>1 5CID 6 E=6<DHDB: SNHDHDB:H :JH: Lol= I=: E=6<DHDB:

= OMA?PEKI KB PDA BKOP =JPECAJE? KN EN NQIK@KNEI=IP 1 o061 6 EpepiDHDB: L=:6: 6CIB8CD7564 8=: B>B6M 6CO
ALEPKLAO =NA LNAOAJPA@ 2DA BA?D=JEON >U SDE?D ALE  .cong:H 9:<669: I=: 7681:6:64 8:M (GDI:6H:H EGDS:HH 7681:G>64
PKLAO =NA OAHA?PA@ BKN LNK?A00EJC =J@ LNAOAJIP=PEKJ >U =J  6CI><:CH 6C9 I=: BDHI 6CI><:C>8 :E>IDE:H 66: H:A:81:9 6C9

.1 E0 2K B LHE?=PA@ =J@ JKP SAH QJ@ANOPKK@ DKSARAN  EG:H:CI:9 DC I=: 8:MH HIG;68: >C 8DCICSIDC Lol=% 11
KJ?APDA B KOP =JPECAJE? E1 1 QJK@K BEJ=JP ALEPKLAO D=RA BDA:8JA:H , 8:MH G:8D<C>0: I=: EG:H:CI:9 6CI><:CH 6C9 66G: I=JH
>AAJ LNK?AOOA@ PDAU =00K?E=PA SEPDEJ PDA =JPECAJ >EJ@  68PK6I:9 ><JG: 9:HBGEPDC 6KE6X467A: 61 I=: :CID; I=:
EJC 2HABP KB +& 1 ** I KHA?QHAO =J@ =NA PN=JOHK?=PA@ PK PDA 8=6EL:C
?AHH OQNB=7?A KB PDA @AJ@NEPE? ?AHH BKN LNAOAJP=PEKJ PK 2
?AHHO
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/5 (&/ 3&4&/5"5*0/ 8*5) 0-6$6-84

+& 1 " TKHA?QHAO BKQJ@ KJ =HH JKN I =H DA=HPDU JQ?7HA=PA@ ?AHH0 OECJI=H PK PDA EN N QJA OUOPA R PD=P PDA ?AH EO
= JKN I =H 10AHBm ?AH *J = DA=HPDU ?AH LNKPAEJO JKN I =HHU BKQJ@ EJ PDA ?UPKLH=0 I =NA @ACN=@A@ >U LNKPA=0K I A0
AJVU I A ?K I LHATAO NAOLKJOE>HA BKN @ACN=@=PEKJ =J@ LNK?A00EJC KB LNKPAEJO =J@ LNK?AC0A@ EJPK OAHB =JPECAJ ALE
PKLAO PDAOA OAHB =JPECAJ ALEPKLAO >EJ@ SEPDEJ PDA +& 1 * =JPECAJ >EJ@EJC ?HABP =J@ =NA PDAJ LNAOAJPA@ KJ PDA
?AHH OQNB=?A * 1 1 QJA ?AH0 0Q?D =0 , ) ?AHHO NA?KCJEVA PDAQA 0AHB =JPECAJO =J@ @K JKP P=NCAP PDA ?AH BKN @AOPNQ?
PEKI &KSARAN EB = ?AHH >A?K B AO EJBA?PA@ SEPD =J EJPN=AHQH=N L=PDKCAJ AC =RENQO LNKPAEJ =JPECAJO OLA?EBE?
PK PDA L=PDKCAJ =NA LNK?A00A@ EJ PDA LNKPA=0K B A0 =J@ >EJ@ SEPD +& ¥ " B KHA?QHAO BKN LNAOAJP=PEKJ KJ PDA ?AHH
OQNB=?A 2DEO LNAOAJP=PEKJ KB L=PDKCAJ OLA?EBE? =JPECAJO SEPD +& ¥ * OECJI=HO PD=P PDA EJBA?PA@ ?AHH B QOP >A P=N
CAPA@ BKN @AOPNQ?PEKJ =HKJC SEPD PDA L=PDKCAJ

ABKNA AHE I EJ=PEKJ KB EJBA?PA@ ?AHH0 ?=J >ACEJ . 10 B QOP BENOP =?PER=PA PDA 2 ?AHHO EJRKHRA@ EJ ?AHHQH=NE I B QJEPU
"B =J EIPN=AHQH=N L=PDKCAJ @ENA?PHU EJBA?PO PDA ?UPKLH=01 KB =J .1 PDAJ PDA LNK?AOCEJC =J@ LNAOAJP=PEKJ KB
=JPECAJO0 ?=J K??QN =0 @AO?NE>A@ EJ LNKPA=0K 1 A0 =J@ KJ PDA ?AHH OQNB=7A SEPD +& 1 * &KSARAN EB PDA EJPN=?AHHQ
H=N L=PDKCAJ @KAO JKP @ENA?PHU EJBA?P . X0 =J =HPANJ=PERA OPN=PACU ?=HHA@ ?NKOO LNAOAJP=PEKJ EO QPEHEVA@ *J ?NKO0O
LNAOAJP=PEKJ =JPECAJO =NA >NKQCDP EJPK PDA . I >U B A?D=JE0 B0 JKN I =HU HA=@EJC PK LNAOAJP=PEKJ SEPD +& !
"" EA PDNKQCD LD=CK?UPKOEO >QP PDA =JPECAJ EO LNAOAJPA@ KJ =J +& 11 * B KHA?QHA BKN I*" 2 ?AHHO0 2DA AT=?P
1 A?D=JE0 10 >U SDE?D ?NK0O LNAOAJP=PEKJ K??QNO =NA JKP UAP SAH QI@ANOPKK@ >QP EP =LLA=NO PD=P ?NKOO LNAOAJ
P=PEKJ EO LNE B =NEHU = BQJ?PEKJ KB @AJ@NEPE? ?AHHO =J@ JKP B =?NKLD=CAO KN  ?AHHO

1.10 T LYMPHOCYTES AND CELLULAR IMMUNITY

0 ATLH=EJA@ EJ 0A?PEKJ PDA =JPE>K@EAO EJRKHRA@ EJ DQ EKN=HEN B Q
JEPU KBPAJ >EJ@ L=PDKCAJO =J@ PKTEJO >ABKNA PDAU ?=J =PP=?D PK =J@
EJR=@A DKOP ?AHH0 2DQ0 DQ B KN=HE I N QJEPU EO LNE B =NEHU ?KI?ANJA@ SEPD
BECDPEJC L=PDKCAJO EJ ATPN=?AHHQH=N OL=?A0 &KSARAN L=PDKCAJO PD=P
D=RA =HNA=@U C=EJA@ AJPNU PK DKOP ?AHHO =NA H=NCAHU LNKPA?PA@ BNK I PDA
DQ B KN=H =JPE>K@U N A@E=PA@ @ABAJOAO T AHHQH=NE N B QJEPU KJ PDA KPDAN
D=J@ P=NCAPO =J@ AHE BEJ=PAO EJPN=7AHHQH=N L=PDKCAJO PDNKQCD PDA
=?PEKJO0 KB 2 HU B LDK?UPAO KN 2 ?AHO0 BECQNA 2 ?AHHO =HOK LH=U =
I KNA ?AJPN=H NKHA EJ KN?DAOPN=PEJC PDA KRAN=ti =@=LPERA EN B QJA
NAOLKJOA DQ B KN=H =0 SAH =0 ?AHQH=N =HKJC SEPD PDA ?AHHQH=N @ABAJOAO ’
KBEJJ=PAEN 1 QJEPU

) 1 %.$ > ) $# # " )*- ) $# ><JG: , =H H86CC>C< :A:8IGDC
B>8GD<G6E= H=DLH 6 , ANBE=D8NI: L=>8=>H

2 ?AHO HEGA =H{ KPDAN SDEPA >HKK@ ?AH0 EJRKHRA@ EJ EJJ=PA =J@ =@=LPERA  G-HEDCH7A: :DG I=: 8:M B:9561:9 >BBJC:

ER BQJEPU =NA BKNEA@ BNKE N QHPELKPAJP DA B =PKLKEAPE? OPAN ?AHHO G:HEDCH: ,=: HE>@: H@: B:B766C: HIGI8IIC:H

&110 EJ PDA >KJA B=NNKS O0AA BECQNA &KSARAN QJHEGA PDA SDEPA  >C8G:6H: HIG;68: 66:6 BMDLC< ;DG <6:61:6

>HKK@ ?AHO KB EJJ=PA E N QJEPU ARAJPQ=H 2 ?AHO @EBBANAJPE=PA BENOP EJPK  >CI:G68IDC L>I=DI=:6 8:M INE:H 6C9 1=256

HU I LDKE@ OPA B ?AHHO PD=P PDAJ >A?K BA ON=Hi EN N=PQNA HU I LDK?UPAQ  P<COBM _><JG: 9:HBGEPDC BKEAE7A: 61 I=: :CO

OK I APE I A0 2=HKA@ KU I LDK>#=0P0 2DA BENOP OPALO KB @EBBANAJPE=PEKJ K?2QN  D-1=:8=6ELG
EJ PDANA@ B =NNKS KB >KJAO BECQNA =BPAN SDE?D EN 1 =PONA 2 HU I
LDK?UPAQ AJPAN PDA >HKK@OPNA= I =J@ PN=RAK PK PDA PDU I Q0 BKN PDA BEJ=H OPALO KB N =PON=PEKJ BECONA —J2AE]

PDAPDU R QO PDAER N=PQNA 2 HU I LDK?UPAO =NA NABANNA@ PK =0 PDU I K?UPAQ
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22— ilium

red marrow

<

[
(ﬁj_- head of femur
\':I ;

/
yellow marrow

@ (b)

><JG: 6 *:97DC: B6GGDL 86C 7: ;0JC9>C I=: =:69 D; I=: ;:BJIG 1=><=7DC: 6C9 >H 6MD EG:H:CI >C I=: ;A6l
7DC:HD; I=: 7DON HJ8=6H I=: >»IB 6C9 I=: HB6EJA6 7 *:9 7DC: B6GGDL >H I=: I: D; EGD9J8I>DC 6C9
9>;;:6:CI>6I>DC D; B6CN ;D6B:9 :A:B:CIH D; 7ADD9 >C8AJ9>C< :GNI=GD8NI:H A:J@D8NI:H 6C9 EA6I:A:IH ,=: N:MDL 7DC:
B6GGDL >H EDEJAGI:9 EG>BGGN L>1= 69>EDH: 8:MH _><JG: 9:HBG>EI>DC 6K6>467A: 61 I1=: :C9 D; I=: 8=6EI:(

2DA 1 =PQN=PEKJ KB PDU I K?UPAO SEPDEJ PDA PDU I Q0 ?=J >A @ERE@A@ EJPK PDNAA ?NEPE?=H OPALO KB LKOEPERA =J@ JAC=PERA
OAHA?PEKJ  ?KHHA?PERAHU NABANNA@ PK =0 PDU N E? OAHA?PEKJ 2DA BENOP OPAL KB PDU B E? OARA?PEKJ K??QNO EJ PDA ?KNPAT KB
PDA PDU 1 Q0 =J@ EJRKHRAQ PDA @ARAHKL B AJP KB = BQJ?PEKJ=H 2 ?AH{ NA?ALPKN 210 PD=P EO NAMQENA@ BKN =?PER=PEKJ >U
- 10 2DU I K?UPAO SEPD @ABA?PERA 2 100 =NA NA I KRA@ >U JAC=PERA 0AHA?PEKJ PDNKQCD PDA EJ@Q?PEKJ KB =LKLPKOEQ
LNKCN= 1 B A@ ?KJIPNKHHA@ ?AH @A=PD 22DA 0A?KJ@ OPAL KB PDU I E? OAHA?PEKJ =HOK K??QNO EJ PDA ?KNPAT =J@ EJRKHRAO
PDA LKOEPERA OAHA?PEKJ KB PDU I K?UPAO PD=P SEH EJPAN=7P =LLNKLNE=PAHU SEPD +& I 1 KHA?QHAO 2DU I K?UPAO PD=P ?=J
EJPAN=7P =LLNKLNE=PAHU SEPD +& T 1 KHA?QHAO NA?AERA = LKOEPERA OPE I QH=PEKJ PD=P N KRAO PDA I BQNPDAN PDNKQCD
PDA LNK?A00 KB B =PQN=PEKJ SDANA=0 PDU I K?UPAQO PD=P @K JKP EJPAN=?P =L L NKLNE=PAHU =NA JKP OPE I Q#=PA@ =J@ =NA
AHE REJ=PA@ >U =LKLPKOEO 2DA PDEN@ =J@ BEJ=H OPAL KB PDU RE? OAHA?PEKJI K??QNO EJ >KPD PDA ?KNPAT =J@ N A@QH=
=J@ EIRKHRAO JAC=PERA OAHA?PEKJ PK NA I KRA 0AHB NA=?PEJC PDU I K?UPAO PDKOA PD=P NA=?P PK OAHB =JPECAJO0 >U =LKLPK
OE0 2DEO BEJ=H OPAL EO OK I APE I AO NABANNA@ PK =0 central tolerance >A?=Q0A EP LNARAJPO OAHB NA=?PEJC 2 ?AHH0 BNK I
NA=?DEJC PDA >HKK@OPNA=1 =J@ LKPAJPE=H{U ?=QO0EJC =QPKE I § QJA @E0A=0A SDE?D K??QN0 SDAJ PDAEN B QJA OUOPA T

=PP=?G0 DA=HPDU I0AHBN ?AHHO

*"AOLEPA ?AJPN=H PKHAN=J?A OK I A OAHB NA=7PERA 2 ?AHH0 CAJAN=HHU AO?=LA PDA PDU I Q0 =J@ AJPAN PDA LANELDAN=H >HKK@
OPNA=T 2DANABKNA = 0A?KJI@ HEJA KB @ABAJOA ?=HiA@ peripheral tolerance E0 JAA@A@ PK LNKPA?P =C=EJOP =QPKE I

1 QJA @EOA=0A _ANELDAN=H PKHAN=J?A EJRKHRAO N A?D=JE0 B0 KB =JANCU =J@ EJDE>EPEKJ KB OAHB NA=7PERA 2 ?AHH0 >U
NACQH=PKNU 2 ?AH0  JANCU NABANO PK = OP=PA KB JKJINAOLKJOERAJAQO PK =JPECAJ OPE N QH=PEKJ "J PDA ?=0A KB OAHB
NA=?PERA 2 ?AHH0 PD=P A0?=LA PDA PDU I Q0 H=?G KB =J AOOAJPE=H ?K OPE I QH=PKNU OECJ=H NAMQENA@ BKN =?PER=PEKJ ?=Q0A0
=JANCU =J@ LNARAJPO =QPKE I B QJA =?PER=PEKJ OACQH=PKNU 2 ?AHHO L=NPE?EL=PA EJ LANELDAN=H PKHAN=J?A >U EJDE>EPEIC
PDA =?PER=PEKJ =J@ BQJI?PEKJ KB OAHB NA=?PERA 2 ?AHH0 =J@ >U OA?NAPEJC =JPE EJBH= 1 B =PKNU ?UPKGEJAQ

*P EO JKP ?K I LHAPAHU QI@ANOPKK@ SD=P ARAJPO OLA?EBE?=HHU @ENA?P B =PQN=PEKJ KB PDU I K?UPAQ EJPK NACQH=PKNU 2 ?AHO
TQNNAJP PDAKNEAO 0QCCAOP PDA ?NEPE?=H ARAJPO B =U K??QN @QNEJC PDA PDEN@ OPAL KB PDU B E? OAHA?PEKI SDAJ B KOP
OAHB NA=7PERA 2 ?AHH0 =NA AHE REJ=PA@ OACQH=PKNU 2 ?AHO B=U NA?AERA = QJEMQA OECJI=H PD=P EO >AHKS PDA PDNAODKH@
NAMQENA@ PK P=NCAP PDA I BKN JAC=PERA OAHA?PEKJ =J@ =LKLPKOEO ¥KJIOAMQAJPHU PDAOA ?AHHO ?KJIPEJQA PK B =PQNA =J@
PDAJ ATEP PDA PDU 1 Q0 =N I A@ PK EJDE>EP PDA =?PER=PEKJ KB OAHB NA=?PERA 2 ?AH0
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*P D=0 >AAJ AOPE I =PA@ PD=P PDA PDNAA OPALO KB PDU N E? OAHA?PEKJ AHE B EJ=PA KB PDU I K?UPAO 2DA NA I =EJEJC
PD=P ATEP PDA PDU 1 Q0 B ECN=PA PDNKQCD PDA >HKK@OPNA=T =J@ HU I LD=PE? OUOPA R PK OEPAO KB 0A?KJ@=NU HU I LDKE@
KNC=J0 PEOOQAO 0Q?D =0 PDA HU I LD JK@AO OLKAAJ =J@ PKJOEHO BECQNA SDANA PDAU =S=EP =?PER=PEKJ PDNKQCD
PDA LNAOAJP=PEKJ KB OLA?EBE? =JPECAJO >U . X0 3JPEH PDAU =NA =?PER=PA@ PDAU =NA GIKSJ =0 I =PQNA J=cRA 2 ?AHHO

cortex trabeculae

medulla fibrous

capsule

tonsil

right lymphatic duct,
entering vein

thymus / =
heart ‘
spleen

><JG: ,=: I=NBJH>H 6 7> AD7:9  H=6E:9 <A6C9JA6G DG<6C I=61 >H AD86I:9 ?JHI 67DK: I=: =:66I
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1 EPKCAJE? ATKPKTEJ 4ENQOAO0 GIKSJ PK LNK@Q?A 0QLAN=JPECAJO EJ?HQ@A #LOPAEJ  =NN RENQO DQ B =J DANLAORENQO
?UPK B AC=HKRENQO DQ B =J DANLAORENQO =N KJC KPDANO
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2DA TA?D=JE0 I KB 2 ?AH =?PER=PEKJ >U OQLAN=JPECAJO EJRKHRAO PDAEN OE B QiP=JAKQO >EJ@EJC PK +& I " 1 KHA?QHAO
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LNAGOQNA ODK?G I QHPE KNC=J B=EHQNA =J@ LKPAJPE=HHU @A=PD
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1.11 B LYMPHOCYTES AND HUMORAL IMMUNITY

&Q B KN=H EN B QJEPU NABANO PK BA?D=JE0 RO KB PDA =@=LPERA EN B QJA @ABAJOAO PD=P =NA B A@E=PA@ >U =JPE>K@EAO
OA?NAPA@ >U  HU I LDK?UPAO KN  ?AHH0 2DEO 0A?PEKJ SEHH BK?QO0 KJ  ?AHHO =J@ @E0?Q00 PDAEN LNK@Q?PEKJI =J@ N =PQ
N=PEKJ NA?ALPKNO =J@ B A?D=JE0 I 0 KB =?PER=PEKJ

11 %"$ * )$# # ™" )*" ) $#

*EGA 2 ?AHHO  PAHHO =NA BKN B A@ BNK I B QHPELKPAJP DA I =PKLKEAPE? OPAR ?AHH0 &21¥0 EJ PDA >KJA B=NNKS =J@
BKHKS = L=PDS=U PDNKQCD HU I LDKE@ OPA B ?AHH0 =J@ HU B LDK>H=0P OAA BECQNA 3JHEGA 2 ?AHH0 DKSARAN HU I
LDK>H=0P0 @AOPEJA@ PK >A?K BA  ?AHH0 @K JKP HA=RA PDA >KJA B =NNKS =J@ PN=RAH PK PDA PDU I QO BKN N =PQN=PEKJ
O=PDAN ARAJPQ=H ?AH0 ?KJIPEJQA PK B =PQNAEJ PDA >KJA I =NNKS

2DA BENOP OPAL KB ?AHH B =PQN=PEKJ EO =J =00AQ0 I AJP KB PDA BQJ?PEKJ=HEPU KB PDAEN =JPECAJ >EJ@EJC NA?ALPKNO 2DEO
K??QNO PDNKQCD LKOEPERA OAHA?PEKJ BKN  ?AHHO SEPD JKN N =H BQJI?PEKJ=H NA?ALPKNO N A?D=JEO B KB JAC=PERA OAHA?

PEKJ EO PDAJ QOA@ PK AHE B EJ=PA OAHB NA=?PEJC  ?AHH0 =J@ N EJE N EVA PDA NEOG KB =QPKE N B QJEPU , AC=PERA OAHA?PEKJ KB
OAHB NA=?PEJC  ?AHH0 ?=J EJRKHRA AHE B EJ=PEKJ >U =LKLPKOEO A@EPEJC KN B K@EBE?=PEKJ KB PDA NA?ALPKNO OK PDAU =NA
JK HKICAN OAHB NA=?PERA KN EJ@Q?PEKJ KB =JANCU EJ PDA  ?AHH * I B=PQNA  ?AH{0 PD=P L=00 PDA OAHA?PEKJ EJ PDA >KJA
I =NNKS PDAJ PN=RAH PK PDA OLHAAJ BKN PDAEN BEJ=H OP=CAQ KB N =PQN=PEKJ 2DANA PDAU >A?K B A J=cRA B =PQNA  ?AH{0
EA E=PQNA  ?AH{0 PD=P D=RA JKP UAP >AAJ =?PER=PA@
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*EGA 2 2AH0 A0 LKOOAQO =JPECAJ OLA?EBE? NA?ALPKNO SEPD T —_——
@ERANOA OLA?EBEPEPEAD  HPDKQCD PDAU NAHU KJ 2 2AHO BKN KLPE
QN BQIMEKI  2AHO ?=J >A =?PER=PA@ SEPDKQP DAHL BNK I ~ A ~
27MHO  PAMNAPALPKNO 100 BKN J=cRA B=PQNA  ?AW0 =NA e B ¥y »
FAR>N=0A >KQJ@ BKIKNANE? BKNEO K8 °C™* =J@ 'C- variable—) 1 y
2DAU D=RA PSK EQAJPE?=H DA=RU ?D=£J0 =J@ PSK EQAJPE?=H [ - disufide
HECDP 2D=EJ0 ?KJJA?PA@ >U @EOQIBE@A >KJ@0 EIPK = >=0E? 7 7 Bl
0D=LA BECQNA 2DA PNQJG KB PDA 7 OD=LA@ N KHA?QHA /<
PDA ?KJOP=JP NACEKJ KB PDA PSK DA=RU ?D=£J0 0L=J0 PDA W igonenan
A BAB>N=JA 2DA PSK =JPECAJ >EJEEJC OEPAO ATLKOA@ PK
PDA ATPANEKN KB PDA  2AHi =NA EJRKHRA@ EJ PDA >EJ@EIC KBOLA  constant —
2887 L=PDKCAJ ALEPKLAO PK EJEPE=PA PDA =?PER=PEKJ LNK?AQ0 P region
EO AOPE I =PA@ PD=P A=?D J=cRA I =PQNA 2 D=0 QLS=N@0 K&

100 KJ BP0 BAR>N=JA =J@ A=?D KB PDACA 100
D=0 =J EQAJPE?=H ALEPKLA >EJ@EIC OLAZEBEZEPU

heavy chain

B cell plasma
membrane

"J KN@AN PK >A LNAL=NA@ PK NA=P PK = SEQAN=JCA KB BERNK 0. 8:M 6:8:EIDGH 66: :B7:99:95C I=: B:B766C:H
>E=H ALEPKLAD  ?AHO HEGA 2 2AHO0 QOA CAJAPE? NASWN=JCA . gusi = KeGo67h G:oDCHD: 64 D; I=: G:8:EIDGH DC 6
BAJP KB DQJ@NA@0 KB CAJA OACHRAJPO PK LNKRE@A PDA  WCeh: 8:44 75CO I=: HOB: HE:8>;8 6CI<:C _><JG: 9:HBBEDC
JA?A00=NU @ERANOEPU KB NA?ALPKN OLA?PEBE?EPEA0 2DA R=NE=>HA  6K6x674: 61 =2 =CO D: I=: 8=6EI:G

NACEKJ KB PDA 10O DA=RU ?D=EJ E0 B=@A QL KB 4 "* =J@ (

OAC BAJPO OE NEH=N PK PDA  ?D=EJ KB PDA 210 2DA R=NE=>fA

NACEKJ KB PDA 1O HCDP ?D=EJ E0 B =@A QL KB 4 =J@ ( OAC HAJPO OF NEH=N PK PDA  ?D=EJ KB PDA 210 %AJAPE?
NA=NN=JCA I AJP KB =Hi LKOOE>HA 2K I >EJ=PEKJO KB 4 ( ** DA=RU ?D=EJ =J@ 4 ( HECDP ?D=EJ LNKRE@AO BKN I EHHEKJO KB
QJEMQA =JPECAJ >EJ@EJC OEPAO BKN PDA 10 =J@ BKN PDA =JPE>K@EAO OA?NAPA@ =BPAN =?PER=PEKJ

—JA ERLKNP=JP @EBBANAJ?A >APSAAJ 100 =J@ 2100 EO PDA S=U PDAU ?=J EJPAN=?P SEPD =JPECAJE? ALEPKLAO
S5DANA=0 2 100 ?=J KJHU EJPAN=?P SEPD =JPECAJE? ALEPKLAO PD=P =NA LNAOAJPA@ SEPDEJ PDA =JPECAJ >EJ@EJC ?HABP KB
+&1 " KN +&! " 100 @K JKP NAMQENA =JPECAJ LNAOAJP=PEKJ SEPD +& T PDAU ?=J EJPAN=?P SEPD ALEPKLAO KJ
BNAA =JPECAJO0 KN SEPD ALEPKLAO @EOLH=UA@ KJ PDA OQNB=7A KB EJP=7P L=PDKCAJ0  JKPDAN E I LKNP=JP @EBBANAJ?A EO PD=P
2100 KJHU NA?KCJIEVA LNKPAEJ ALEPKLAO SDANA=0 100 ?=J NA?KCJEVA ALEPKLAO =00K?E=PA@ SEPD @EBBANAJP I KHA?Q

H=N ?H=00A0 AC LNKPAEJO LKHUO=?7?D=NE@AO HELKLKHUO=??D=NE@AO

PPER=PEKJI KB ?AHH0 K??QNO PDNKQCD @EBBANAJP B A?D=JE0 1 0 @ALAJ@EJIC KJ PDA B KHA?QH=N ?H=00 KB PDA =JPECAJ 7Pt
R=PEKJ KB = ?AH{ >U = LNKPAEJ =JPECAJ NAMQENAO PDA  ?AH PK BQJI?PEKJ =0=J . ¥ LNAOAJPEJC PDA LNKPAEJ ALEPKLAO
SEPD +& 1 ** PK DAHLAN 2 ?AHH0  A?=QOA KB PDAEN @ALAJ@AJ?A KJ 2 ?AHHO BKN =?PER=PEKJ KB  ?AHHO LNKPAEJ =JPECAJO
=NA ?H=00EBEA@ =0 2 @ALAJ@AJP =JPECAJO "J ?KJIPN=0P LKHUO=??D=NE@AO HELKLKHUO=??D=NE@AO =J@ KPDAN JKJILNKPAEJ
=JPECAJO =NA ?KJOE@ANA@ 2 EJ@ALAJ@AJIP =JPECAJO0 >A?=QO0A PDAU ?=J =7PER=PA  ?AHH0 SEPDKQP =JPECAJ LNK?A00EJC
=J@ LNAOAJP=PEKJ PK 2 ?AH0

&~ /%&1&/%&/5 $5+7'5*0/ 0" $&--4

PPER=PEKJ KB  ?AHHO SEPDKQP PDA ?KKLAN=PEKJ KB DAHLAN 2 ?AHH0 EO NABANNA@ PK =0 2 ?AHH EJ@ALAJ@AJP =?PER=PEKJ =J@
K??QNO SDAJ T OO0 EJPAN=?P SEPD 2 EJ@ALAJ@AJIP =JPECAJ0 2 EJ@ALAJ@AJIP =JPECAJ0 AC LKHUO=??D=NE@A ?=LOQHAO
HELKLKHUO=??D=NE@A D=RA NALAPEPERA ALEPKLA QJEPO SEPDEJ PDAEN OPNQ?PQNA =J@ PDEO NALAPEPEKJ =HHK S0 BKN PDA ?NK0O
HEJG=CA KB B QHPELHA ¥ OO0 LNKRE@EJC PDA BENOP OECJ=H BKN =?PER=PEKJ BECQNA A?=QO0A 2 ?AHH0 =NA JKP EJRKHRAQ@
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PDA 0A?KJ@ OECJI=H D=0 PK ?K B A BNK I KPDAN OKQN?AO0 0Q?D =0 EJPAN=?PEKJO0 KB PKH{ HEGA NA?ALPKNO SEPD . —+ .0 KN
EJPAN=PEKJO SEPD B=2PKNO BNK I PDA ?K I LHA I AJP OUOPA I

T cell-independent
B cell activation

B cell

polysaccharide antigen
with repeating epitopes

- @
pathogenic / :

bacterial cell

activation of B cell and
secretion of pentameric IgM
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EAGHBG6 8:MH _><JG: 9:HBG>EI>DC 6K6>4674A: 61 I1=: :C9 D; I=: 8=6EI:G

—J?A = ?AH EO =7PER=PA@ EP QJ@ANCKAO ?HKJI=H LNKHEBAN=PEKJ =J@ @=QCDPAN ?AHH0 @EBBANAJPE=PA EJPK LH=0 I = ?AHHO
-H=0 B = ?AHH0 =NA =JPE>K@U B=?PKNEAO PD=P OA?NAPA H=NCA MQ=JPEPEAO KB =JPE>K@EAO  BPAN @EBBANAJPE=PEKJ PDA OQNB=?A

100 @E0=LLA=N=J@ PDA LH=0 I = ?AH{ OA?NAPAO LAJP= I ANE? "C—+ 1 KHA?QHAO PD=P D=RA PDA 0= A =JPECAJ OLA?EBE?EPU =0
PDA 100 BECQNA

2DA 2 ?AH EJ@ALAJ@AJIP NAOLKJOA EO ODKNP HERA@ =J@ @KAO JKP NAOQHP EJ PDA LNK@Q?PEKJ KB AR KNU  ?AHH0 2DQO EP
SEH JKP NAOQHP EJ = 0A?KJI@=NU NAOLKJOA PK 0Q>0AMQAJP ATLKOQNAO PK 2 EJ@ALAJ@AJP =JPECAJO

&~ &18&/%&/5 $5'7"5*0/ 0"  $&--4

2 ?7AH @ALAJ@AJP =7PER=PEKJ KB  ?AHHO EO B KNA ?K I LHAT PD=J 2 ?AHH EJ@ALAJ@AJP =?PER=PEKJ >QP PDA NAOQHPEJC
EN B QJANAOLKJOA EO OPNKICAN =J@ @ARAHKLO BA B KNU 2 ?AHH @ALAJ@AJP =?PER=PEKJ ?=J K??QN AEPDAN EJ NAOLKJOA PK
BNAA LNKPAEJ =JPECAJO KN PK LNKPAEJ =JPECAJO =00K?E=PA@ SEPD =J EJP=7P L=PDKCAJ "JPAN=?PEKJ >APSAAJ PDA 100
KJ = J=cRA B=PQNA  ?AH{ =J@ = BNAA LNKPAEJ =JPECAJ OPE I QH=PAO EJPANJ=HEV=PEKJ KB PDA =JPECAJ SDANA=0 EJPAN=?
PEKJ SEPD =JPECAJO =00K?E=PA@ SEPD =J EJP=7P L=PDKCAJ EJEPE=PAQ PDA ATPN=?PEKJ KB PDA =JPECAJ BNK I PDA L=PDKCAJ
>ABKNA EJPANJ=HEV=PEKJ —J?A EJPANJI=HEVA@ EJOE@A PDA  ?AHH PDA LNKPAEJ =JPECAJ EO LNK?A00A@ =J@ LNACAJPA@ SEPD
+&7"1 " 2DA LNAOAJPA@ =JPECAJ EO PDAJ NA?KCJIEVA@ >U DAHLAN 2 ?AHHO OLA?EBE? PK PDA 0= A =JPECAJ 2DA 210 KB
PDA DAHLAN 2 ?AH NA?KCJEVAO PDA BKNAECJ =JPECAJ =J@ PDA 2 ?AHKO X" I KHA?QHA EJPAN=7P0 SEPD +& T ** KJ PDA
?AHH 2DA ?KKN@EJ=PEKJ >APSAAJ  ?AHH0 =J@ DAHLAN 2 ?AHH0 PD=P =NA OLA?EBE? PK PDA 0= 1 A =JPECAJ EO NABANNA@ PK =0
HEJGA@ NA?KCJEPEKJ

—J?A =?PER=PA@ >U HEJGA@ NA?KCJIEPEKI 2& ?AHH0 LNK@Q?A =J@ OA?NAPA ?UPKGEJAQ PD=P =?PER=PA PDA  ?AHH =J@ ?=QO0A
LNKHEBAN=PEKJ EJPK ?HKJ=H @=QCDPAN ?AHHO  BPAN OARAN=H NKQJ@0 KB LNKHEBAN=PEKJ =@@EPEKJ=H ?UPKGEJAO LNKRE@A@ >U
PDA 2& ?AHHO OPE I QH=PA PDA @EBBANAJPE=PEKJ KB =?PER=PA@  ?AHH ?HKJAO EJPK BABKNU ?AHHO0 SDE?D SEH MQE?GHU
NAOLKJ@ PK 0Q>0AMQAJP ATLKOQNAO PK PDA 0= I A LNKPAEJ ALEPKLA =J@ LH=0 I = ?AHHO PD=P HKOA PDAEN BAE>N=JA 100
=J@ EJEPE=HHU OA?NAPA LAJP= 1 ANE? *C—+ BECQNA
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BPAN EJEPE=H OA?NAPEKJ KB "C—+ ?UPKGEJAO OA?PNAPA@ >U 2&  ?AHH0 OPE I QH=PA PDA LH=0 I = ?AHH0 PK OSEP?D BNK I *C+
LNK@Q?PEKJ PK LNK@Q?PEKJ KB "C% *C KN "C# 2DE0 LNK?AQ0 ?=H{A@ ?H=00 0SEP?DEJC KN EOKPULA 0SEP?DEJC =HHKSO
LH=0 I = ?AHH0 ?HKJA@ BNK I PDA 0= B A =7PER=PA@ ?AHH PK LNK@Q?A = R=NEAPU KB =JPE>K@U ?H=00A0 SEPD PDA 0= Il A ALEPKLA
OLA?EBE?EPU T H=00 OSEP?DEJC EO =?7K I LHEODA@ >U CAJAPE? NA=NN=JCA I AJP KB CAJA 0AC I AJPO AJ?K@EJC PDA ?KJOP=JP
NACEKJ SDE?D @APAN B EJAQ =J =JPE>SK@UKO ?H=00 2DA R=NE=>HA NACEKJ EO JKP ?D=JCA@ OK PDA JAS ?4=00 KB =JPE>K@U
NAP=EJO PDA KNECEJ=H ALEPKLA OLA?EBE?EPU

%t oL o# ( B# .7 (wS#E( (

2 ?AH @ALAJ@AJP =?PER=PEKJ KB ?AHHO LH=UO =J E B LKNP=JP NKHA EJ >KPD PDA LNE I =NU =J@ 0A?KJ@=NU NAOLKJO0AQ =00K
?E=PA@ SEPD =@=LPERAEN B QJEPU SEPD PDA BENOP ATLKOQNA PK = LNKPAEJ =JPECAJ = 2 ?AH @ALAJ@AJP LNE B =NU =JPE
>K@U NAOLKJOA K??QNO 2DA EJEPE=H OP=CA KB PDA LNE I =NU NAOLKJOA EO = H=C LANEK@ KN H=PAJP LANEK@ KB =LLNKTE I =PAHU
@=U0 @QNEJC SDE?D JK =JPE>K@U ?=J >A @APA?PA@ EJ OANQ I 2DEO H=C LANEK@ EO PDA PE B A NAMQENA@ BKN =H{ KB PDA
OPALO KB PDA LNE B =NU NAOLKJOA EJ?HQ@EJC J=cRA B =PQNA  ?AH{Ok =JPECAJO >EJ@EJC SEPD 100 =JPECAJ LNK?A0CEJC
=J@ LNAOAJP=PEKJ DAHLAN 2 ?AHH =?PER=PEKJ  ?AH{ =?PER=PEKJ =J@ ?HKJI=H LNKHEBAN=PEKJ 22DA AJ@ KB PDA H=C LANEK@
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EO ?D=N=7PANEVA@ >U = NEOA EJ *C—+ HARAHO EJ PDA OANQE =0 2& 7?AH{O OPE B QH=PA  ?AHH @EBBANAJPE=PEKJ EJPK LH=0 N =
?AHHO *C-+ HARAHO NA=7D PDAEN LA=G =NKQJ@  @=UO =BPAN LNE B =NU =JPECAJ ATLKOQNA =P =>KQP PDEO O=RAPERA 2&
OPE I QH=PAQ =JPE>K@U ?4=00 0SEP?DEJC =J@ "C—+ HARAHO EJ OANQ B >ACEJ PK @A?HEJA +A=JSDEHA HARAHO KB *C% EJ?NA=0A
QJPEH PDAU NA=?D = LA=G =>KQP PDNAA SAAGO EJPK PDA LNE I =NU NAOLKJOA BECQNA

""QNEJC PDA LNE B =NU NAOLKJOA OK N A KB PDA ?HKJA@  ?AHHO =NA @EBBANAJPE=PA@ EJPK BARKNU  ?AHO LNKCN=1 B AQ@
PK NAOLKJ@ PK 0Q>0AMQAJP ATLKOQNAQO 2DE0 0A?KJ@=NU NAOLKJOA K??QNO B KNA MQE?GHU =J@ BKN?ABQHHU PD=J PDA LNE
1 =NU NAOLKJOA 2DA H=C LANEK@ EO @A?NA=0A@ PK KJHU = BAS @=U0 =J@ PDA LNK@Q?PEKJ KB "C% EO OECJEBE?=JPHU DECDAN
PD=J K>0ANRA@ BKN PDA LNE I =NU NAOLKJOA BECQNA 'J =@@EPEKI PDA =JPE>K@EAO LNK@Q?A@ @QNEJC PDA 0A?KJI@=NU
NAOLKJOA =NA I KNA ABBA?PERA =J@ >EJ@ SEPD DECDAN =BBEJEPU PK PDA P=NCAPA@ ALEPKLAO .H=0 I = ?AHH0 LNK@Q?A@ @QNEJC
0A?KJI@=NU NAOLKJOAO HERA HKJICAN PD=J PDKOA LNK@Q?A@ @QNEJC PDA LNE B =NU NAOLKJOA OK HARAHO KB OLA?EBE? =JPE>K@
EAO NA 1 =EJ AHAR=PA@ BKN = HKJCAN LANEK@ KB PE I A
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1.12 VACCINES

$KN 1=JU @E0A=0A0 LNARAJPEKJ EO PDA >A0P BKN I KB PNA=P B AJP =J@ BAS OPN=PACEAO BKN @EOA=0A LNARAJPEKJ =NA =0
ABBA?PERA =0 R=?7EJ=PEKJ 4=?7EJ=PEKJ EO = BKN B KB =NPEBE?E=H EN B QJEPU U =NPEBE?E=H{U OPE N QH=PEJC PDA =@=LPERA
EN BQJA @ABAJOAO = R=77EJA PNECCANO N A B KNU ?AH LNK@Q?PEKJ OF N EH=N PK PD=P SDE?D SKQH@ K??QN @QNEJC = LNE
1 =NU NAOLKJOA *J OK @KEJC PDA L=PEAJP EO =>HA PK B KQJP = OPNKJIC 0A?KJI@=NU NAOLKJOA QLKJ ATLKOQNA PK PDA
L=PDKCAJ & >QP SEPDKQP D=REJC PK BENOP OQBBAN PDNKQCD =J EJEPE=H EJBA?PEKJ "J PDEQ OA?PEKJ SA SEHH ATLHKNA OARAN=H
@EBBANAJP GEJ@0 KB =NPEBE?E=H E I B QJEPU =HKJC SEPD R=NEKQO PULAO KB R=??EJA0 =J@ PDA B A?D=JE0 10 >U SDE?D PDAU
EJ@Q?A =NPEBE?E=HE I B QJEPU

1 (( ) $H( S %) + TTTTUTRH ).

HH BKN B 0 KB =@=LPERA E N B QJEPU ?=J >A @AO?NE>A@ =0 AEPDAN =7PERA KN L=00ERA  ?PERAE N B QJEPU NABANO PK PDA =7PE
R=PEKJ KB =J EJ@ERE@Q=HO KSJ =@=LPERA E 1 1 QJA @ABAJOAO0 SDANA=0 L=00ERA E N B QJEPU NABANO PK PDA PN=JOBAN KB
=@=LPERA E N 1 QJA @ABAJOAQ BNK I =JKPDAN EJ@ERE@Q=H KN =JE R =  ?PERA =J@ L=00ERAE R N QJEPU ?=J >A BQNPDAN 0Q>
@ERE@A@ >=0A@ KJ SDAPDAN PDA LNKPA?PEKJ EO =?MQENA@ J=PQN=HHU KN =NPEBE?E=HHU
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» =PQN=H =?PERA El B QJEPU EO =@=LPERA E I B QJEPU PD=P @ARAHKLO =BPAN J=PQN=H ATLKOQNA PK = L=PDKCAJ P=>HA

#T=1 LHAO SKQH@ EJ?HQ@A PDA HEBAHKJICE I I QJEPU PD=P @ARAHKLO =BPAN NA?KRANU BNK I = ?DE?GAJLKT KN B A=0HAO EJBA?
PEKJ =HPDKQCD =J =?QPA EJBA?PEKJ EO JKP =HS=U0 JA?A00=NU PK =?PER=PA =@=LPERAEN § QJEPU 2DA HAJCPD KB PE B A PD=P
=J EJ@ERE@Q=H EO LNKPA?PA@ ?=J R=NU 0Q>0P=JPE=HU @ALAJ@EJIC QLKJ PDA L=PDKCAJ =J@ =JPECAJO0 EJRKHRA@ $KNAT=1
LHA =?PER=PEKJ KB =@=LPERA E I B QJEPU >U LNKPAEJ OLEGA OPNQ?PQNAQ @QNEJC =J EJPN="AHHQH=N REN=H EJBA?PEKJ ?=J =7PE
R=PA HEBAHKJC E1 B QJEPU SDANA=0 =?PER=PEKJ >U ?=N>KDU@N=PA ?=LOQHA =JPECAJO0 @QNEJC =J ATPN=AHQH=N >=7PANE=H
EJBA?PEKJ 0 =U =7PER=PA ODKNPAN PANE EN B QJEPU

"1 1QJEPU C=EJA@ PDNKQCD =JPE>K@EAQ
D=NRAOPA@ BNK I =JKPDAN LANOKJ KN =J
=JER=H

"1 B QJEPU =?MQENA@ BNK I =JPE>K@EAQ
L=00A@ EJ >NA=0P B EHG KN PDNKQCD LH=?AJdP=

Passive
"1 1 QJEPU C=EJAQ@ PDNKQCD EHHJAC0 =J@
NA?KRANU * 1 1 QJEPU =2MQENA@ PDNKQCD = R=??EJA
Active
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» =PQN=H L=00ERA E I B QJEPU EJRKHRAO PDA J=PQN=H L=00=CA KB =JPE>K@EAQ BNK I = 1 KPDAN PK DAN ?DEH@ >ABKNA =J@ =BPAN
>ENPD *C% EO PDA KJHU =JPE>K@U ?H=00 PD=P ?=J ?NKOO PDA LH=?AJP= BNK I I KPDANO >HKK@ PK PDA BAP=H >HKK@ OQLLHU
-H=?AJP=H PN=J0BAN KB *C% EO =J E B LKNP=JP L=00ERA E 1 B QJA @ABAJOA BKN PDA EJB=JP H=0PEJC QL PK OET B KJPDO =BPAN
>ENPD 1APNAPKNU *C  ?=J =HOK >A PN=JOBANNA@ BNK I I KPDAN PK EJB=JP PDNKQCD >NA=0P N EHG

NPEBE?E=H L=00ERA E N B QJEPU NABANO PK PDA PN=JOBAN KB =JPE>K@EAO0 LNK@Q?A@ >U = @KJIKN DQE=J KN =JEN=H PK
=JKPDAN EJ@ERE@Q=H 2DEO PN=JOBAN KB =JPE>K@EAO0 B =U >A @KJA =0 = LNKLDUH=?PE? B A=0QNA EA PK LNARAJP @EOA=0A
=BPAN ATLKOQNA PK = L=PDKCAJ KN =0 = OPN=PACU BKN PNA=PEJC =J =?PERA EJBA?PEKJ $KN AT=NLHA =NPEBE?E=H L=00ERA
ER B QJEPUEO 7K 1 B KJHU QOA@ BKN LKOP ATLKOQNA LNKLDUH=TEO =C=EJOP N=>EAQ DAL=PEPE0  DAL=PEPE0  =J@ ?DE?GAJ
LKT EJ DECD NEOG EJ@ERE@Q=HO  ?PERA EJBA?PEKJO PNA=PA@ >U =NPEBE?E=H L=00ERA E I B QJEPU EJ?HQ@A ?UPK B AC=HKRENQO
EJBAPPEKJOEJ EN B QJIK?K B LNK B EOA@ L=PEAJPO =J@ #>KH= RENQO EJBA?PEKJIO *J AECDP L=PEAJPO EJ PDA ""A B K?N=
PE? OALQ>HE? KB PDA ¥ KJCK SEPD =?PERA #>KH= EJBA?PEKIO SANA PNA=PA@ SEPD >HKK@ PN=JO0BQOEKJO BNK I L=PEAJPO SDK
SANA NA?KRANEJC BNK I #>KH= —JHU KJA KB PDA AECDP L=PEAJPO @EAQ@ = I KNP=HEPU N=PA SDE?D S=0 1 Q?D HKSAN
PD=J PDA ATLA?PA@ B KNP=HEPU N=PA BKN #>KH= EJ QJIPNA=PA@ L=PEAJPO  NPEBE?E=H L=00ERA E N B QJEPU EO =HOK QOA@
BKN PDA PNA=P 1 AJP KB @EOA=0A0 ?=Q0A@ >U >=?PANE=H PKTEJO EJ?HQ@EJC PAP=JQ0 >KPQHO I =J@ @ELDPDANE=
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NPEBE?E=H =?PERA EN N QJEPU EO PDA BKQJI@=PEKJ BKN R=??EJ=PEKJ °P EJRKHRAO PDA =?PER=PEKJ KB =@=LPERA E N 1 QJEPU
PDNKQCD PDA @AHE>AN=PA ATLKOQNA KB =J EJ@ERE@Q=H PK SA=GAJA@ KN EJ=7PER=PA@ L=PDKCAJO KN LNAL=N=PEKJO0 ?KJOEOP
EJC KB GAU L=PDKCAJ =JPECAJO

&3% - -6/%:

2DA BKQN GEJ@0 KB E I B QJEPU FQOP @AO?NE>A@ NAOQHP BNK I =J EJ@ERE@Q=HO =@=LPERA E N B QJA OUOPA R $KN =JU CERAJ
@EOA=0A =J EJ@ERE@Q=H B =U >A ?KJOE@ANA@ E I B QJA KN 0QO?ALPE>HA @ALAJ@EJIC KJ DEO KN DAN =>EHEPU PK B KQJP =J
ABBA?PERA E1 1 QJA NAOLKJOA QLKJ ATLKOQNA 2DQ0 =JU CERAJ LKLQH=PEKJ EO HEGAHU PK D=RA OK I A EJ@ERE@Q=H0 SDK
=NA E1 D1 QJA =J@ KPDAN EJ@ERE@Q=H0O SDK =NA 0QO?ALPE>HA "B = LKLQH=PEKJ D=0 RANU BAS 0QO?ALPE>HA EJ@ERE@Q=HO
ARAJ PDKOA 0QO?ALPE>HA EJ@ERE@Q=HO SEH >A LNKPA?PA@ >U = LDAJK B AJKJ ?=HHA@ DAN@ E1 B QJEPU &AN@ EN B QJEPU
D=0 JKPDEJC PK @K SEPD =J EJ@ERE@Q=HO =>EHEPU PK B KQJP =J ABBA?PERAEN B QJA NAOLKJOA N=PDAN EP K??QNO >A?=Q0A
PDANA =NA PKK BAS 0QO?ALPE>HA EJ@ERE@Q=HO EJ = LKLQH=PEKJ BKN PDA @EOA=0A PK OLNA=@ ABBA?PERAHU

4=?7EJ=PEKJ LNKCN= 10 ?NA=PA DAN@ E I B QJEPU >U CNA=PHU NA@Q?EJC PDA JQ I >AN KB 0Q0?ALPE>HA EJ@ERE@Q=HO EJ = LKL
QH=PEKJ #RAJ EB OK I A EJ@ERE@Q=HO EJ PDA LKLQH=PEKJ =NA JKP R=??EJ=PA@ =0 HKJIC =0 = ?ANP=EJ LAN?AJP=CAEOEN EQJA
AEPDAN J=PQN=HHU KN =NPEBE?E=HHU PDA BAS 0QO?ALPE>HA EJ@ERE@Q=HO =NA QJIHEGAHU PK >A ATLKOA@ PK PDA L=PDKCAJ &KS
ARAN >A?=QO0A JAS EJ@ERE@Q=HO =NA ?KJOP=JPHU AJPANEJC LKLQH=PEKJO BKN AT=N LHA PDNKQCD >ENPD KN NAHK?=PEKJ
R=??EJ=PEKJ LNKCN= 10 =NA JA?A00=NU PK B =EJP=EJ DAN@ E I § QJEPU

TSI YSH H#H O+ # ) S#

2DKQ0=J@0 KB UA=NO =CK EP S=0 BENOP NA?KCJIEVA@ PD=P EJ@ERE@Q=HO SDK OQNRERA@ = 0 I =HHLKT EJBA?PEKI SANAE N §QJA
PK 0Q>0AMQAJP EJBA?PEKJI0 4=NEKH=PEKJ NABANO PK PDA @AHE>AN=PA EJK?QH=PEKJ KB EJ@ERE@Q=H0 SEPD EJBA?PEKQO N =PANE=H
BNK B 0?=>0 KN LQOPQHAO KB O N =HiLKT RE?PEN O "JBA?PEKQO N =PANE=HO SANA AEPDAN EJFA?PA@ EJPK PDA OGEJ KN EJPNK@Q?A@
PDNKQCD PDA J=0= NKQPA 2DA EJBA?PEKJ PD=P @ARAHKLA@ S=0 Q0Q=H{U N EH@AN PD=J J=PQN=HHU =?MQENA@ O I =HHLKT =J@
NA?KRANU BNK I PDA B EH@AN EJBA?PEKJ LNKRE@A@ LNKPA?PEKJ =C=EJOP PDA N KNA OANEKQO @EOA=0A

HPDKQCD PDA B =FKNEPU KB EJ@ERE@Q=HO PNA=PA@ >U R=NEKH=PEKJ @ARAHKLA@ KJHU B EH@ EJBA?PEKJO PDA LN=?PE?A S=0 JKP
SEPDKQP NEOGO —+KNA OANEKQO =J@ OK B APE I AQ B=P=H EJBA?PEKJO0 @E@ K??QN =J@ >A?=Q0A O I =HiLKT S=0 ?KJIP=CEKQO
EJBA?PEKIO NAOQHPEJC BNK B R=NEKH=PEKJ ?KQH@ HA=@ PK ALE@A BE?0 #RAJ OK PDA LN=?PE?A KB R=NEKH=PEKJ BKN O B =HHLKT
LNARAJPEKJ OLNA=@ PK KPDAN NACEKJO EJ?HQ@EJC "J@E= BNE?= =J@ #QNKLA

HPDKQCD R=NEKH=PEKJ D=@ >AAJ LN=7PE?A@ BKN ?AJPQNEAO PDA #JCHEOD LDUOE?E=J #@S=N@ (AJIAN h E0 CAJ
AN=HHU ?NA@EPA@ SEPD @ARAHKLEJC PDA B K@ANJ LNK?A00 KB R=??EJ=PEKJ (AJJAN K>0ANRA@ PD=P N EHG I =E@0 SDK @ARAH
KLA@ ?KSLKT = @EOA=0A OE B EH=N PK O B =HiLKT >QP B EH@AN SANA EN B QJA PK PDA B KNA OANEKQO O I =HHLKT Z2DEO HA@
(AJJAN PK DULKPDAOEVA PD=P ATLKOQNA PK =HAOO RENQHAJP L=PDKCAJ ?KQH@ LNKRE@AE I § QJA LNKPA?PEKJI =C=EJOP = I KNA
RENQHAJP L=PDKCAJ LNKRE@EJC = 0=BAN =HPANJ=PERA PK R=NEKH=PEKJ *J (AJJAN PAOPA@ DEO DULKPDAOEO >U K>P=EJEJC
EJBA?PEKQO 0= LHAO BNK I = BEHG B =E@I0 =?PERA ?KSLKT HAOEKJ =J@ EJFA?PEJIC PDA B =PANE=HO EJPK = UKQJIC >KU BECQNA

2DA >KU @ARAHKLA@ = B EH@ EJBA?PEKJ PD=P EJ?HQ@A@ = HKS CN=@A BARAN @EO?K N BKNP EJ DEO =TEHH=A =N B LEP =J@
HKOO KB =LLAPEPA 5SDAJ PDA >KU S=0 H=PAN ATLKOA@ PK EJBA?PEKQO 0= I LHAO BNK I O B =HHLKT HAOEKJO DA @E@ JKP ?KIPN="2P
ON=HLKT 2DE0 JAS =LLNK=?D S=0 PAN 1 A@ R=??EJ=PEKJ = J=0 A @ANEREJC BNK I PDA QOA KB ?KSLKT *=PEJ K6886
1 A=JEJC I?KSn PK LNKPA?P =C=EJOP O B =HHLKT 2K@=U SA GJIKS PD=P (AJJIANKO R=??EJA SKNGA@ >A?=Q0A PDA ?KSLKT
RENQO EO CAJAPE?=H{U =J@ =JPECAJE?=HiU NAH=PA@ PK PDA _6G>DA6 RENQOAO PD=P ?=Q0A@ O I =HHLKT #TLKOQNA PK ?KSLKT
=JPECAJO NAOQHPA@ EJ = LNE B =NU NAOLKJOA =J@ PDA LNK@Q?PEKJ KB B A B KNU ?AHH0 PD=P D=@ E@AJPE?=H KN NAH=PA@ ALE
PKLAO KB 4=NEKH= RENQO QLKJ = H=PAN ATLKOQNA PK O B =HHLKT
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(a) (b)
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1=61 86JH:H HBGMEDM _><JG: 9:HBG>EI>DC 6K6>467A: 61 I=: :C9 D; I=: 8=6EI:G

2DA 0Q??A00 KB (AJJANKO O B =HHLKT R=??EJ=PEKJ HA@ KPDAN 0?EAJPEOPO PK @ARAHKL R=?7EJAO BKN KPDAN @E0A=0A0 .AND=LO
PDA B KOP JKP=>HA S=0 *KQEO .=0PAQN SDK @ARAHKLA@ R=?7EJAQ BKN N=>EA0 ?DKHAN= =J@ =JPDN=T "*QNEJCPDA PD
=J@ OP PAJPQNEAO ABBA?PERA R=?7EJA0 SANA @ARAHKLA@ PK LNARAJP = SE@A N=JCA KB @E0A=0A0 ?=Q0A@ >U RENQOAO AC
?DE?GAJLKT =J@ ODEJCHAO DAL=PEPE0 N A=OHAO N QN LO LKHEK =J@ UAHHKS BARAN =J@ >=7PANE= AC @ELDPDANE= LJAQ
1 K?K??=H LJAQ I KJE= PAP=JQ0 =J@ SDKKLEJC ?KQCD

(s + # (

$KN = R=7?EJA PK LNKRE@A LNKPA?PEKJ =C=EJOP = @EOA=0A EP N QOP ATLKOA =J EJ@ERE@Q=H PK L=PDKCAJ OLA?EBE? =JPECAJO
PD=P SEHH OPE B QH=PA = LNKPA?PERA =@=LPERAE I B QJANAOLKJOA U EPO RANU J=PQNA PDEO AJP=EHO OK FANEOG 0 SEPD =JU
LD=N B =?AQPE?=H @NQC R=??EJAO D=RA PDA LKPAJPE=H PK ?=Q0A =@RANOA ABBA?PO &KSARAN PDA E@A=H R=??EJA ?=Q0A0 JK
OARANA =@RANOA ABBA?PO =J@ LKOAO JK NEOG KB ?KJIPN=?PEJC PDA @EOA=0A PD=P EP EO EJPAJ@A@ PK LNARAJP 4=NEKQO PULAO KB
R=??EJA0 D=RA >AAJ @ARAHKLA@ SEPD PDACA CK=HO0 EJ BEJ@ 2DAOA @EBBANAJP ?H=00A0 KB R=77EJAQ =NA @AO?NE>A@ EJ PDA
JATP 0A?PEKJ =J@ 0Q B N =NEVA@ EJ P=>HA
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*ERA =PPAJQ=PA@ R=?7EJAO ATLKOA =J EJ@ERE@QQ=H PK = SA=GAJA@ OPN=EJ KB = L=PDKCAJ SEPD PDA CK=H KB AOP=>HEODEJC =
0Q>?HEJE?=H EJBA?PEKJ PD=P SEHi =?PER=PA PDA =@=LPERAE N 1 QJA @ABAJOAO .=PDKCAJO0 =NA =PPAJQ=PA@ PK @A?NA=0A PDAEN
RENQHAJ?A QOEJC B APDK@0 0Q?D =0 CAJAPE? B =JELQH=PEKJ PK AHE B EJ=PA GAU RENQHAJ?A B=7PKNO KN HKJIC PAN T ?QHPQN
EJC EJ =3 QIJ=PQN=H DKOP KN AJRENKJ B AJP PK LNK I KPA B QP=PEKJO0 =J@ @A?NA=0A RENQHAJ?A

U AOP=>HEODEJC =J =?PERA EJBA?PEKJ HERA =PPAJQ=PA@ R=?7EJAO OPE I QH=PA = I KNA ?K I LNADAJOERA EN 1 QJA NAOLKJOA
PD=J OK I A KPDAN PULAO KB R=??EJA0 *ERA =PPAJQ=PA@ R=?7EJAQ =?PER=PA >KPD ?AHQH=N =J@ DQ I KN=H E I B QJEPU =J@
OPE I QH=PA PDA @ARAHKL B AJP KB B AN KNU BKN HKJC H=0PEJC EN B QJEPU *J OK B A ?=0A0 R=??EJ=PEKJ KB KJA EJ@ERE@Q=H
SEPD = HERA =PPAJQ=PA@ L=PDKCAJ ?=J ARAJ HA=@ PK J=PQN=H PN=J0 I EOOEKJ KB PDA =PPAJQ=PA@ L=PDKCAJ PK KPDAN EJ@E
RE@Q=HO 2DEO0 ?=J ?=QOA PDA KPDAN EJ@ERE@Q=HO PK =HOK @ARAHKL =J =?PERA 0Q>?HEJE?=H EJBA?PEKJ PD=P =?PER=PAQ PDAEN
=@=LPERAEN B QJA @ABAJOAO
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" "E0=@R=JP=CAOQ =00K?E=PA@ SEPD HERA =PPAJQ=PA@ R=77EJAQ0 EJ?HQ@A PDA ?D=HHAJCAQ =00K?E=PA@ SEPD HKJC PAN I OPKN=CA
=J@ PN=JOLKNP =0 SAH{ =0 PDA LKPAJPE=H BKN = L=PEAJP PK @ARAHKL OECJ0 =J@ OU I LPK 1 0 KB @EOA=0A @QNEJC PDA =?PERA
EJBAPPEKJ L=NPE?QH=NHU EJ EN B QJIK?K I LNK B EOA@ L=PEAJPO 2DANA EO =HOK = NEOG KB PDA =PPAJQ=PA@ L=PDKCAJ NARANP
EJC >=7G PK BQH RENQHAJ?A 2=>HA HEOPO AT= I LHAO KB HERA =PPAJQ=PA@ R=??EJAOD
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*J=7?PER=PA@ R=?7EJA0 ?KIP=EJ SDKHA L=PDKCAJO PD=P D=RA >AAJ GEHHA@ KN EJ=7PER=PA@ SEPD DA=P ?DA B E?=H0 KN N=@E
=PEKJI $KN EJ=7PER=PA@ R=??EJAO PK >A ABBA?PERA PDA EJ=?PER=PEKJ LNK?A00 B QOP JKP =BBA?P PDA OPNQ?PQNA KB GAU =JPE
CAJO KJ PDA L=PDKCAJ

A?=QO0A PDA L=PDKCAJ EO GEHHA@ KN EJ=7PERA EJ=?PER=PA@ R=??EJA0 @K JKP LNK@Q?A =J =7PERA EJBA?PEKJ =J@ PDA
NAOQHPEJC E N 1 QJA NAOLKJOA EO SA=GAN =J@ HACO ?K I LNADAJOERA PD=J PD=P LNKRKGA@ >U = HERA =PPAJQ=PA@ R=??EJA
2ULE?=H{U PDA NAOLKJOA EJRKHRAO KJHU DQ B KN=HE I B QJEPU =J@ PDA L=PDKCAJ ?=JJKP >A PN=J0 I EPPA@ PK KPDAN EJ@E
RE@Q=HO "J =@@EPEKJ EJ=7PER=PA@ R=??EJA0 QOQ=HHU NAMQENA DECDAN @KOAO =J@ N QHPELHA >KKOPANO LKOOE>HU ?=QOEJC
EJBH= 1 B =PKNU NA=?PEKJO =P PDA OEPA KB EJFA?PEKJ

*"AOLEPA PDAOA @E0=@R=JP=CAQ EJ=?PER=PA@ R=??EJA0 @K D=RA PDA =@R=JP=CAO0 KB HKJC PAN I OPKN=CA OP=>EHEPU =J@ A=0A
KB PN=JOLKNP  HOK PDANA EO JK NEOG KB ?=QOEJC OARANA =?PERA EJBA?PEKJI0 &KSARAN EJ=?PER=PA@ R=??EJAO =NA JKP
SEPDKQP PDAEN OE@A ABBA?PO 2=>HA HEOPO AT= Il LHAO KB EJ=7PER=PA@ R=??EJAOD
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S5SDANA=0 HERA =PPAJQ=PA@ =J@ EJ=7PERA R=77EJA0 ATLKOA =J EJ@ERE@Q=H PK = SA=GAJA@ KN @A=@ L=PDKCAJ 0Q>QJEP
R=?7EJA0 KJHU ATLKOA PDA L=PEAJP PK PDA GAU =JPECAJO KB = L=PDKCAJ & JKP SDKHA ?AH0 KN RENQOAO 1Q>QJEP R=??EJAQ
?=J >A LNK@Q?A@ AEPDAN >U ?DA B E?=HiU @ACN=@EJC = L=PDKCAJ =J@ EOKH=PEJC EPO GAU =JPECAJO KN >U LNK@Q?EJC PDA
=JPECAJO PDNKQCD CAJAPE? AJCEJAANEJC  A?=QOA PDAQOA R=?7EJAQ0 ?KJP=EJ KJHU PDA AOOAJPE=H =JPECAJO KB = L=PDKCAJ
PDA NEOG KB OE@A ABBA?PO EO NAH=PERAHU HKS 2=>HA HEOPO AT= I LHAO KB 0Q>QJEP R=??EJAO
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*EGA 0Q>QJEP R=??EJA0 PKTKE@ R=?7EJA0 @K JKP EJPNK@Q?A = SDKHA L=PDKCAJ PK PDA L=PEAJP PDAU ?KJP=EJ EJ=7PE

R=PA@ >=?PANE=H PKTEJO ?=HHA@ PKTKE@O 2KTKE@ R=??EJAQ =NA QOA@ PK LNARAJP @E0A=0A0 EJ SDE?D >=?PANE=H PKTEJO LK=U

=J E B LKNP=JP NKHA EJ L=PDKCAJAOEO0 2DA0A R=??EJAO =?PER=PA DQ B KN=HE I B QJEPU PD=P JAQPN=HEVAQ PDA PKTEJO 2=>HA
HEOPO AT= N LHAO KB PKTKE@ R=??EJAO
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?KJIFQC=PA R=??EJA E0 = PULA KB 0Q>QJEP R=?7EJA PD=P ?KJOEOPO KB = LNKPAEJ ?KJIFQC=PA@ PK = ?=LOQHA LKHUO=??D=NE@A
! KJFQC=PA R=?7EJAQ D=RA >AAJ @ARAHKLA@ PK AJD=J?A PDA ABBE?=?U KB 0Q>QJEP R=??EJA0 =C=EJOP L=PDKCAJO PD=P D=RA
LNKPA?PERA LKHUO=??D=NE@A ?=LOQHAO PD=P DAHL PDA I AR=@A LD=CK?UPKOEO ?=QOEJC EJR=0ERA EJBA?PEKJO PD=P ?=J HA=0@
PK B AJEJCEPEO =J@ KPDAN OANEKQO ?KJ@EPEKJO 2DA 0Q>QJEP R=??EJA0 =C=EJOP PDAOA L=PDKCAJO0 EJPNK@Q?A 2 EJ@ALAJ
@AJP ?=LOQH=N LKHUO=??D=NE@A =JPECAJO PD=P NAOQHP EJ PDA LNK@Q?PEKJ KB =JPE>K@EAQ PD=P ?=J KLOKJEVA PDA ?=LOQHA
=J@ PDQO ?K I >=P PDA EJBA?PEKJ DKSARAN ?DEH@NAJ QJI@AN PDA =CA KB PSK UA=NO @K JKP NAOLKJ@ ABBA?PERAHU PK PDAOA
R=??EJA0 T DEH@NAJ @K NAOLKJ@ ABBA?PERAHU SDAJ R=??EJ=PA@ SEPD PDA ?KJIFQC=PA R=??EJA EJ SDE?D = LNKPAEJ SEPD
2 @ALAJ@AJP =JPECAJO E0 ?KIFQC=PA@ PK PDA ?=LOQHA LKHUO=??D=NE@A 2DA ?KJIFQC=PA@ LNKPAEJ LKHUO=??D=NE@A =JPE
CAJ OPE I QH=PA0 LNK@Q?PEKJ KB =JPE>K@EAO =C=EJOP >KPD PDA LNKPAEJ =J@ PDA ?=LOQHA LKHUO=?7?D=NE@A 2=>HA HEOPO
AT=1 LHAQ KB ?7KJFQC=PA R=77EJA0
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*ERA =PPAJQ=PA@

*J=7PER=PA@

1Q>QJEP

2KTKE@

1KJFQC=PA

,67A:

SA=GAJAQ@ OPN=EJ KB
SDKHA L=PDKCAJ

SDKHA L=PDKCAJ GEHHA@
KN EJ=?PER=PA@ SEPD DA=P
?DABE?=H0 KN N=@E=PEKJ

* 1 1 QIKCAJE? =JPECAJ0

*J=7PER=PA@ >=7PANE=H
PKTEJ

T =L OQHA LKHUO=??D=NE@A
?KJIFQC=PA@ PK LNKPAEJ

AGHH:H D; K688>C:H

T AHHQH=N =J@ DQ I KN=H
EN IQJEPU

*KJC KH=0PEJCEN N QJEPU

2N=J0 B E00EKJ PK
?KJIP="7P0

#=0A KB OPKN=CA =J@
PN=JOLKNP

» KNEOG KB OARANA =?PERA
EJBA?PEKJ

*KSAN NEOG KB OE@A
ABBA?PO

&Q BIKN=HE N BQJEPU PK
JAQPN=HEVA PKTEJ

2 @ALAJ@AJP NAOLKJO0A
PK ?=LOQHA

APPAN NAOLKJOA EJ
UKQJC ?DEH@NAJ

1.13 HYPERSENSITIVITIES

" "EBBEPQHP PK OPKNA =J@
PN=JOLKNP

OF0G KB EJBA?PEKJ EJ
EN 1QJIK?K N LNK NECA@
L=PEAJPO

OFO0G KB NARANCEKJ

SA=GANEN FQJEPU
DQ B KN=H KJHU

&ECDAN @KOA0 =J@ B KNA
>KKOPANO NAMQENA@

*£ 1 EPA@ HKICAREPU

-+QHPELHA @KOAO NAMQENA@

» K LNKPA?PEKJ =C=EJOP
=JPECAJE? R=NE=PEKJ

" "KAO JKP LNARAJP
EJBA?PEKJ

T KOPHU PK LNK@Q?A

» K LNKPA?PEKJ =C=EJOP
=JPECAJE? R=NE=PEKJ

-+=U EJPANBANA SEPD
KPDAN R=?7EJA0

Y DE2GAJLKT %AN I =J
1 A=OA0 I A=OHAO
1QELO PQ>AN?QHKOEO
PULDKE® BARAN UAHKS
BARAN

¥ DKHAN= DAL=PEPEQ
EJBHQAJV= LH=CQA N=>EAO

JPDN=T DAL=PEPEO
EJBHQAJV= N AJEICEPEQ
L=LEHHK I =RENQO

LJAQ I K?K??2=4
LJAQ I KJE= SDKKLEJC
2KQCD

KPQHEO I @ELDPDANE=
LANPQOOEO PAP=JQ0

-+AJEJCEPEQ

&=A 1 KLDEHQO
EJBHQAJV=A
1PNALPK?K??Q0

LJAQ R KJE=A , AEOOANE=
1 AJEJCEPE@AOQ

2DANA =NA B A?D=JE0 10 >U SDE?D =@=LPERA E T 1 QJA @ABAJOAO0 >KPD DQ I KN=H =J@ ?AHHQH=N LNKPA?P QO BNK I EJBA?
PEKQO @EOA=0A0 &KSARAN PDAOA 0= T A LNKPA?PERA E1 B QJA @ABAJOAO ?=J =HOK >A NAOLKJOE>HA BKN QJ@AOEN=>HA NA=?
PEKJO ?=H{A@ DULANOAJOEPEREPU NA=?PEKJ0 &ULANOAJOEPEREPU NA=?PEKJO =NA ?H=00EBEA@ >U PDAENE T 1 QJA B A?D=JE01

n Type | hypersensitivity NA=?PEKJO EJRKHRAE I B QIKCHK>QHED # *C# =JPE>K@U =C=EJOP OKHQ>HA =JPECAJ PNEC
CANEJC 1 =0P ?AHH @ACN=JQH=PEKJ

n Type Il hypersensitivity NA=?PEKJ0 EJRKHRA *C% =J@ "C—+ =JPE>K@EAO @ENA?PA@ =C=EJOP ?AHHQH=N

HA=@EJC PK ?AHH @= 1 =CA 1 A@E=PA@ >U KPDANEN B QJA OUOPA I ABBA?PKNO

n Type Il hypersensitivity NA=?PEKJO0 EJRKHRA PDA EJPAN=?PEKJ0 KB *C% "C+ =J@ K??=0EKJ=HU *C

EAO SEPD =JPECAJ PKBKN N EN FQJA ?K N LHATAO  ??Q B QH=PEKJ KBE R B QJA ?K I LHATAO EJ PEOOQA HA=@0 PK PEOOQA

@=01=CA 1 A@QE=PA@ >U KPDANE T 1 QJA OUOPA I ABBA?PKNO

n Type IV hypersensitivity NA=?PEKJ0 =NA 2 ?AHh B A@E=PA@ NA=?PEKJO0 PD=P ?=J EJRKHRA PEOOQA @= 1 =CA N A@E
=PA@ >U =?PER=PA@ N =?NKLD=CA0 =J@ ?UPKPKTE? 2 ?AH0

$0

*)E R (ST "(

=JPECAJO

=JPE>K@



)-% B TCHO) ) (

5DAJ = LNAGAJOEPEVA@ EJ@ERE@Q=H EO ATLKOA@ PK =J =HHANCAJ EP ?=J HA=@ PK = N=LE@ E B B QJA NAOLKJOA PD=P K??QNO
=H B KOP EN B A@E=PAHU 1Q?D = NAOLKJOA EO ?=HHA@ =J =HHANCU =J@ EO ?H=00EBEA@ =0 = PULA " DULANOAJOEPEREPU ~ HHANCAJO
1 =U>A 0AA I EJCHU D=N I HACO 0Q>0P=J?A0 0Q?D =0 =JE I = @=J@AN B KH@O KN LKHHAJ HHANCAJO B =U =HOK >A 0Q>0P=J?A0
?KJIOE@ANA@ EJJ=PAHU I KNA D=V=N@KQO 0Q?D =0 EJOA?P RAJK N KN PDAN=LAQPE? @NQCO $KK@ EJPKHAN=J?A0 ?=J =HOK
UEAH@ =HHANCE? NA=?PEKJO0 =0 EJ@ERE@Q=HO >A?K B A OAJOEPEVA@ PK BKK@0 0Q?D =0 LA=JQPO KN ODAHHBEOD BECQNA
OAC=N@HACO KB PDA =HHANCAJ PDA BENOP ATLKOQNA =?PER=PAO = LNE B =NU *C# =JPE>K@U NAOLKJOA PD=P OAJOEPEVAO =J EJ@E
RE@Q=H PK PULA " DULANOAJOEPEREPU NA=?PEKJ QLKJ 0Q>0AMQAJP ATLKOQNA

iy v vt | '

(b)

><JG: 6 M:6<:CH>C EAGCI EDM:C H=DLC =:6: >C 6 8DADG>0:9 :A:8IGDC B>8GD<G6E= BG6N I6><<:G 6M:6<>8 G=>C>I>H DG =6N ;:K:6>C
H:CHDK: >CPK>9I6M 7 +@C GBH=:H 66: D;1:C 6HHD8>61:9 L>I= 6M:6<>8 G:681>DCH 8 (:6CJIH86C 7: :61:CHE;:AN 7N BDHI E:DEA: 7J1 86C
EGDKD@: H:K:G: 6M:6<>8 6:681>DCH >C H:CHI>K: >CPK>9I6M _><JG6: 9:HBG>EIPDC 6K6>467A: 61 1=: :CI D; I=: 8=6EI:6

$KN 0QO?ALPE>HA EJ@ERE@Q=HO = BENOP ATLKOQNA PK =J =HHANCAJ =?PER=PAQ = OPNKJC 2&  ?AHH NAOLKJOA BECQNA
TUPKGEJAQ EJPANHAQGED **  =J@ ">  BNK N PDA2& 7?AHH0 =?PER=PA  ?AHHO OLA?EBE? PK PDA 0= Il A =HHANCAJ NAOQHPEJC
EJ PHKJ=H LNKHEBAN=PEKJ @EBBANAJPE=PEKJ EJPK LH=0 I = ?AHH0 =J@ =JPE>K@U ?#=00 OSEP?DEJC BNK I LNK@Q?PEKJ KB *C+
PK LNK@Q?PEKJ KB *C# 2DA BN=C B AJP ?NUOP=HEV=>HA $? NACEKJO KB PDA "C# =JPE>K@EAO >EJ@ PK OLA?EBE? NA?ALPKNO
KJ PDA OQNB=?A KB B =0P ?AHHO PDNKQCDKQP PDA >K@U P EO AOPE I =PA@ PD=P A=?D N =0P ?AH{ ?=J >EJ@ QL PK 'C#
1 KHA?QHAO SEPD A=?D "C# 1 KHA?QHA D=REJC PSK =H{ANCAJ OLA?EBE? BN=C B AJP =JPECAJ >EJ@EJC $=> OEPAO =R=EH=>HA
BKN >EJ@EJC =HHANCAJ KJ 0Q>0AMQAJP ATLKOQNAO U PDA PE I A PDEO K??QNO PDA =HHANCAJ EO KBPAJ JK HKJCAN LNAOAJP
=J@ PDANA EO JK =HHANCE? NA=?PEKJ >QP PDA B =0P ?AHH0 =NA LNE B A@ BKN = 0Q>0AMQAJP ATLKOQNA =J@ PDA EJ@ERE@Q=H EO
OAJOEPEVA@ PK PDA =HHANCAJ

—J 0Q>0AMQAJP ATLKOQNA =HHANCAJO >EJ@ PK N QHPELHA "C# N KHA?QHAO KJ B =0P ?AHH0 ?NKOO HEJGEJC PDA *C# 1 KHA
?QHA0 SEPDEJ BEJQPAO PDEO ?NKOO HEJGEJC KB "C# =7PER=PAQ PDA 1 =0P ?AHH0 =J@ PNECCANO @ACN=JQH=PEKJ = NA=?PEKJ EJ
SDE?D PDA ?KJPAJPO KB PDA CN=JQHAO EJ PDA 1 =0P ?AH{ =NA NAHA=0A@ EJPK PDA ATPN=?AHQH=N AJRENKJ B AJP _NABKN I A@
?K 1 LKJAJPO PD=P =NA NAHA=0A@ BNK I CN=JQHAO EJ?HQ@A DEOP= B EJA OANKPKJIEJ =J@ >N=@UGEJEJ P=>HA 2DA =?PE
R=PA@ B =0P ?AHHO =HOK NAHA=0A JASHU BKN I A@ HELE@ B A@E=PKNO HAQGKPNEAJAO =J@ LNKOP=CH=J@EJO BNK B B AN >N=JA
=N=?DE@KJE? =?E@ B AP=>KHEO B =J@ ?UPKGEJAO 0Q?D =0 PQ B KN JA?NKOEO B=?PKN P=>HA

2DA ?DARE?=H B A@E=PKNO NAHA=0A@ >U N =0P ?AHHO ?KHHA?PERAHU ?=QOA PDA EJBH=1 B =PEKJ =J@ OECJO =J@ OU R LPK O
=00K?E=PA@ SEPD PULA * DULANOAJOEPEREPU NA=?PEKJO &EOP=NEJA OPE B QH=PA0 B Q?Q0 OA?NAPEKJ EJ J=0=H L=00=CA0 =J@
PA=N BKN B =PEKJ BNK I H=?NE I =H CH=J@0 LNK B KPEJC PDA NQJJIU JKOA =J@ S=PANU AUAQ KB =HHANCEAQ *JPAN=?PEKJ KB DEOP
=1 EJA SEPD JANRA AJ@EJCO ?=QO0A0 EP?DEJC =J@ 0JAAVEJC 2DA R=0K@EH=PEKJ ?=Q0A@ >U OARAN=H KB PDA B A@E=PKNO ?=J
NAOQHP EJ DERAO DA=@=7?DA0 =JCEKA@A I = 0SAHHEJIC PD=P KBPAJ =BBA?P0 PDA HELO PDNK=P =J@ PKICQA =J@ DULKPAJOEKJ
HKS >HKK@ LNAOOQNA  NKJ?DK?KJOPNE?PEKJI ?=Q0A@ >U OK B A KB PDA ?DA B E?=H B A@E=PKNO HA=@0 PK SDAAVEJC @UO

$0 #( ( "TTUTHS #( #H  F)F R &



LJA= @EBBE?QHPU >NA=PDEJC ?KQCDEJC =J@ EJ B KNA OARANA ?=0A0 ?U=JKOE0 >HQEOD ?KHKN PK PDA OGEJ KN B Q?KQO
TAR>N=JA0 4K BEPEIC ?=J NAOQHP BNK I OPE I QH=PEKJ KB PDA RK B EPEJC ?AJPAN EJ PDA ?ANA>ARHQ I >U DEOP= B EJA =J@
OANKPKJIEJ &EOP= B EJA ?=J =HOK ?=QO0A NAH=T=PEKJ KB EJPAOPEJ=H O I KKPD B QO?HAO =J@ @E=NNDA=

@ Upon first exposure to allergen,
APC processes antigen and
presents it to Ty2 cell.

antigen
Y antigen-presenting
cell B cells proliferate and

differentiate into plasma
cells that synthesize and
secrete IgE antibody.

inflammatory
molecules

;a"'

@ IgE binds to @ Upon subsequent

mast cells by exposure to allergen,

g Fc region, mast cells with IgE

wbo e sensitizing hind to antigen and
@ : . the mast cells. release inflammatory

. @ Ty2 cell releases IL-4 and molecules, resulting
. IL-13, which activate B cell. in allergy symptoms.

><JG: = C ;>GHI :MEDHJG: ID 6C 6M:6<:C >C 6 HIH8:EI>7A: >C9>K>9J6A 6CI><:C EG:H:CI>C< 8:AH
ECD8:HH 6C9 EG:H:Cl 6M:6<:C :E>IDE:H L>I= B67DG =>HIDSDBE6I>7>»IN 8DBEA:M % 1D, =:AE:G

8:MH  8:AAH 6AHD EGD8:HH 6C9 EG:H:Cl I=: H6B: 6M:6<:C :BE>IDE: ID , 8:MH L=>8=G:A:6H: 8NID@>C:H
1$ 6C9!$  IDHPBJIABI: EGDA;:G6I>DC 6C9 95;;:6:CI>61>DC >CID < H:86:1>C< EAGHB6 8:MH ,=: I<
BDA:8JA:H 7>C9 ID B6HI 8:AH L>I=1=:>6 8 G:<>DC H:CHI>O>C< 1=: B6HI 8:MH ;DG 681>K61>DC L>I=
HJ7H:FJ:Cl :MEDHJG: ID I=: 6M:6<:C />l= :68=HJI7H:FJ:Cl :MEDHJG: I=: 6M:6<:C 8GDHH AC@H !<
BDA:8JA:HDC I=: B6HI 8:MH 68I>K61>C< |=: B6HI 8:MH 6C9 86JH>C< |=: G:A:6H: D; EG:;DGB:9 8=:B>86A
B:9>6IDGH ;6GDB <G6CJIA:H 9:<66CJIAGI>DC 6H L:Ak 6H C:LAN ;DGB:9 8=:B>86A B:9>61DGH =61 8DA:8I>K:AN
86JH: I=: H><CH 6C9 HNBEIDBH D; INE: ! =NE:GH:CH>I>K>IN G:681>DCH _><JG: 9:HB8G>EI>DC 6K6>A67A: 61 I=:
:C9 D; I=: 8=6EI:G

Granule Component Activity

&AL=NEJ

&EOP= N EJA

1AN=PKJEJ

,67A:

$0

1PE B QH=PAO PDA CAJAN=PEKJ KB >N=@UGEJEJ SDE?D ?=Q0A0 EJ?NA=0A@
R=0?QH=N LAN B A=>EHEPU R=0K@EH=PEKJ >NKJI?DK?KJIOPNE?PEKI =J@
EJ?NA=0A@ 1 Q?Q0 OA?NAPEKJ

1=Q0A0 0 FKKPD N QO?HA ?KJIPN=?PEKJ EJ?NA=0AQ R=0?QH=N
LAN B A=>EHEPU EJ?NA=0A0 B Q?Q0 =J@ PA=N BKN I =PEKJ

*J?NA=0A0 R=0?QH=N LAN B A=>EHEPU ?=QOA0 R=0K@EH=PEKJ =J@
ONKKPD B QO?HA ?KJIPN=?PEKJ

+:A:81:9 EG:;DGB:9 8DBEDC:CIH D; B6HI 8:A <G6CJIA:H
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Chemical Mediator Activity

1=Q0A0 0 I KKPD K QO?HA ?KJPN=?PEKJ =J@ B Q?Q0 OA?PNAPEKJ

AQGKPNEAJA EJ?NA=0A0 R=07QH=N LAN I A=>EHEPU
- NKOP=CH=J@EJ 1=Q0A0 0 FKKPD N QO?HA ?KJPN=?PEKJ =J@ R=0K@EH=PEKJ
T =Q0A0 EJBH=1 N =PEKJ =J@ OPE B QH=PAO ?UPKGEJA LNK@Q?PEKJ >U
?
2,$  PUPKGEIA KPDAN ?AH{ PULAO
,67A: +:A:81:9 C:LAN ;DGB:9 8=:B>86A B:9>61DGH D; >C;A6BB61>DC 6C9 6M:6<>8 G:HEDCH:

2ULA * DULANOAJOEPEREPU NA=?PEKJ0 ?=J >A AEPDAN HK?=HEVA@ KN OUOPA B E? *K?=HEVA@ PULA * DULANOAJOEPEREPU NA=?PEKJO
EJ?HQ@A D=U BARAN NDEJEPEO DERAO =J@ =O0PD I = P=>H#A 1UOPA R E? PULA * DULANOAJOEPEREPU NA=?PEKJO0 =NA NABANNA@
PK =0 =J=LDUH=TEO KN =J=LDUH=?PE? ODK?G  HPDKQCD =J=LDUH=TEO OD=NAO §=JUOU I LPK B0 ?K T B KJ SEPD PDA HK?=H

EVA@ PULA * DULANOAJOEPEREPU NA=?PEKJO PDA 0SAHHEJC KB PDA PKICQA =J@ PN=?DA= >HK?G=CA KB =ENS=U0 @=JCANKQO
@NKL EJ >HKK@ LNACOQNA =J@ @ARAHKL B AJP KB ODK?G ?=J B =GA =J=LDUH=TEO AOLA?E=H{U OARANA =J@ HEBA PDNA=PAJEJC
*J B=?P @A=PD ?=J K??QN SEPDEJ B EJQPAQ KB KJOAP KB 0ECJO =J@ OU R LPK RO

*=PA LD=0A NA=?PEKJO0 EJ PULA * DULANOAJOEPEREPEAO I =U @ARAHKL h  DKQNO =BPAN PDA A=NHU LD=0A =J@ =NA 1 A@E=PAQ@
>U AKOEJKLDEHO JAQPNKLDEHO =J@ HU B LDK?UPAO PD=P D=RA >AAJ NA?NQEPA@ >U ?DA I KP=7PE? B=7PKNO NAHA=0A@ BNK I
1 =0P ?AHH0  ?PER=PEKJ KB PDAOA NA?NQEPA@ ?AHHO HA=@0 PK PDA NAHA=0A KB N KNA ?DA BE?= N A@E=PKNO PD=P ?=QOA PEOOQA
@=0=CA=J@ H=PA LD=0A OU I LPK 1 0 KB 0SAHEJIC =J@ NA@JAQO KB PDA OGEJ ?KQCDEJC SDAAVEJC =J@ J=0=H @E0?D=NCA

*J@ERE@Q=HO SDK LKOOAOO CAJAQ BKN B =Hi=@=LPERA PN=EPO 0Q?D =0 EJPAJOA PULA * DULANOAJOEPEREPU NA=?PEKJO PK KPDAN
SEOA D=N B HA0O ?K I LKJAJPO KB PDA AJRENKJ B AJP SKQH@ >A ATLA?PA@ PK 0QBBAN NA@Q?A@ NALNK@Q?PERA 0Q??A00 SEPD
PDEO GEJ@ KB ARKHQPEKJ=NU OAHA?PERA LNAOOQNA 0Q?D PN=EP0 SKQH@ JKP >A ATLA?PA@ PK LANOEOP EJ = LKLQH=PEKJ 2DEO
OQCCAQPO PD=P PULA * DULANOAJOEPEREPEAO B =U D=RA =J =@=LPERA BQJ?PEKJ 2DANA EO ARE@AJ?A PD=P PDA 'C# LNK@Q?A@
@QNEJC PULA * DULANOAJOEPEREPU NA=?PEKJO EO =?PQ=HHU B A=JP PK ?KQJPAN DAH I EJPD EJBA?PEKIO  &AH I EJPDO =NA KJA KB
BAS KNC=JEO 1 0 PD=P LKOOAOO LNKPAEJO PD=P =NA P=NCAPA@ >U *C# *J =@@EPEKJ PDANA EO ARE@AJ?A PD=P DAH I EJPD EJBA?
PEKJO =P = UKQJC =CA NA@Q?A PDA HEGAHEDKK@ KB PULA * DULANOAJOEPEREPEAO PK EJJIK?QKQO 0Q>0P=J?A0 H=PAN EJ HEBA 2DQ0
EP B =U >A PD=P =HHANCEAQ =NA =J QJBKNPQJI=PA ?KJOAMQAJ?A KB OPNKJC OAHA?PEKJ EJ PDA B =1 B =H=J HEJA=CA KN A=NHEAN
BKN = @ABAJOA =C=EJOP L=N=0EPE? SKN B0

T KJOPNE?PEKJ KB >NKJ?DE H=>KNA@

HANCU EJ@Q?A@ =OPD I = " ID=H=PEKJ KB =HHANCAJO
eQ?Ag >NA=PDEJC ?KQCDEJC ?DEH0 >K@U =?DA0

&ERAQ EP?DEJC 0SAHEJIC KB PKICQA =J@
J=LDUK=TEO 1UOPA B E? NA=?PEKJ PK =HHANCAJO PDNK=P J=Q0A= RK REPEIC HKS >HKK@
LNAOOQNA 0DK?G

&=U BARAN *ID=H=PEKJ KB B KH@ KN LKHHAJ 0QJJU JKOA S=PANU AUAO 0JAAVEJC
O=t0A@ >Q I LU 0GEJ N=0D SEPD EP?DEJC

&ERAO QNPE?=NE= $KK@ KN @NQC =HHANCAJO EJOA?P OPEJCO >Q N LO F=U ?KIRANCA EJPK H=NCA N=FOA@
=NA=0

,67A: ,NE: T =NE:GH:CHI>K>I>:H
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). % DB)S$- % TCHCO) ) (

"1 1 QJA NA=?PEKJ0 ?=PACKNEVA@ =0 PULA "* DULANOAJOEPEREPEAO KN ?UPKPKTE? DULANOAJOEPEREPEAO =NA B A@E=PA@ >U "C%
=J@ "C+ =JPE>K@EAO >EJ@EJIC PK ?AHH OQNB=?A =JPECAJO KN N=PNET =00K?E=PA@ =JPECAJO KJ >=0A R AJP BAN>N=JAO
2DA0A =JPE>K@EAO ?=J AEPDAN =?PER=PA ?K I LHA B AJP NAOQHPEJC EJ =J EJBH= N N =PKNU NAOLKJOA =J@ HUOEO KB PDA P=N

CAPA@ ?AHHO KN PDAU ?=J >A EJRKHRA@ EJ =JPE>K@U @ALAJ@AJP ?AHH N A@E=PA@ ?UPKPKTE?EPU "1 I SEPD PUPKPKTE? 2
?AHHO

'J OKBA ?=0A0 PDA =JPECAJ E=U >A = OA#B =JPECAJ EJ SDE?D ?=0A PDA NA=7PEKJ SKQH@ =HOK >A @AO?NE>A@ =0 =J
=QPKEN 1 QJA @E0A=0A BKN N KNA EJBKN B =PEKJ KJ =QPKE N B QJA @EOKN@ANO OAA 0A?PEKJ 'J KPDAN ?=0A0 =JPE
>K@EAO B=U >EJ@ PK J=PQN=HHU K??QNNEJC >QP ATKCAJKQO ?AHH OQNB=?A B KHA?QHAO 0Q?D =0 =JPECAJO =00K?E=PA@ SEPD
>HKK@ PULEJC BKQJ@ KJ NA@ >HKK@ ?AHO0 O 10 2DEO HA=@0 PK PDA ?K=PEJC KBPDA O 10 >U =JPE>K@EAO0 =?PER=PEKJ KB
PDA ?K I LHA RAJP ?=0?=@A =J@ ?K B LHABAJP N A@E=PA@ HUOEO KB O !0 =0 SAHi =0 KLOKJEV=PEKJ KB O 10 BKN LD=CK
?UPKOE0 2SK AT= N LHAO KB PULA "* DULANOAJOEPEREPU NA=?PEKJO EJRKHREJC O 10 =NA DA I KHUPE? PN=J0BQOEKJ NA=7PEKJ
&20 =J@ DA I KHUPE? @EOA=0A KB PDA JAS>KNJ &"", 2DA0APULA "" DULANOAJOEPEREPU NA=?PEKJ0 SDE?D SEH >A @E0
?Q00A@ EJ CNA=PAN @AP=EH =NA 0Q I B =NEVA@ EJ P=>HA

JARE= AQA I = AJH=NCA@ HERAN KN OLHAAJ
"C% BNK I I KPDAN ?NKOOAQ PDA LH=?AJdP= 0 0

&A 1 KHUPE? @EOA=0A KB PDA JAS>KNJ &™°, DU@NKLO BHQE@ EJ >K@U ?=REPU HA=@EJC PK
P=NCAPEJC PDA BAPQOk O 10 BKN @AOPNQ?PEKJ
Q OADPNQ @A=PD KB JAS>KNJ EJ OARANA ?=0A0

$ARAN F=QJ@E?A DULKPAJOEKJ

BECOA B EJ=PA@ EIPN=R=0?QH=N ?K=CQH=PEKJ
LKOOE>HU HA=@EJC PK GE@JAU B=EHQNA =J@
@A=PD

"C% =J@ "C+ >EJ@ PK =JPECAJO KJ
&A I KHUPE? PN=J0BQOEKJ NA=?PEKJ0 &20 PN=J0BQOA@ O 10 P=NCAPEJC @KIKNO 10
BKN @AOPNQ?PEKJ

,67A: DBBDC INE: ! =NE:GH:CHIPK>I>:H

"1 1 QJIKDA I =PKHKCU EO PDA OPQ@U KB >HKK@ =J@ >HKK@ BKN BEJC PEOOQA EJ NAH=PEKJ PK PDA EN B QJA NAOLKJOA

JPE>K@U EJEPE=PA@ NAOLKJOAO =C=EJOP >HKK@ ?AHHO =NA PULA "* DULANOAJOEPEREPEAO PDQO B=HHEJC EJPK PDA BEAH@ KB
ER 1 QIKDA I =PKHKCU $KN OPQ@AJPO BENOP HA=NJEJC =>KQP ER 1 QIKDA I =PKHKCU QJI@ANOP=J@EJC PDA E I B QJIKHKCE?=H
1 A?D=JE0 1 0 EJRKHRA@ EO B =@A ARAJ B KNA ?D=HHAJCEJC >U PDA ?K I LHAT JK B AJ?H=PQNA OUOPA I QOA@ PK E@AJPEBU @EB
BANAJP >HKK@ CNKQL =JPECAJO KBPAJ ?=HHA@ >HKK@ PULAO 2DA BENOP >HKK@ CNKQL =JPECAJO AEPDAN QOA@ =HLD=>APE?=H
J=1 A0 KN SANA J= 1 A@ BKN PDA BENOP LANOKJ GJIKSJ PK LNK@Q?A =JPE>K@EAO PK PDA NA@ >HKK@ ?AHH =JPECAJ AC DAH
""QBBU KN ""EACK &KSARAN EJ PDA *JPANJ=PEKJ=H 1K?EAPU KB HKK@ 2N=JO0BQOEKJ "1 2 SKNGEJC .=NPU KJ
2AN 1 EJKHKCU ?NA=PA@ = 0P=J@=N@ BKN >HKK@ CNKQL PAN B EJKHKCU EJ =J =PPA I LP PK I KNA ?KJOEOPAJPHU E@AJPEBU JASHU
@EO?KRANA@ >HKK@ CNKQL =JPECAJ0 , AS =JPECAJO =NA JKS CERAJ = JQ I >AN =J@ =00ECJIA@ PK = >HKK@ CNKQL OUCPA I
?PKHA?PEKJI KN OANEAO &KSARAN ARAJ SEPD PDEO ABBKNP >HKK@ CNKQL JK B AJ?H=PQNA EO OPEHH EJ?KJOEOPAJP

-00% 3061 /$0 - 1"5%#**5:

2DA NA?KCJEPEKJ PD=P EJ@ERE@Q=H0 D=RA @EBBANAJP >HKK@ PULAO S=0 BENOP @AO?NE>A@ >U ) =NH *=J@OPAEJAN h
EJ PDA A=NHU 0 >=0A@ KJ DEO K>0ANR=PEKJ PD=P OANQ I BNK I KJA LANOKJ ?KQH@ ?=Q0A = HQ R LEJCKB O IOBNK
=JKPDAN 2DA0A 0PQ@EAQ HA@ *=J@OPAEJAN PK PDA EQAJPEBE?=PEKJ KB BKQN @EOPEJ?P >HKK@ PULAO 1Q>0AMQAJP NAOA=N?D >U
KPDAN 0?EAJPEOPO @APAN I EJA@ PD=P PDA BKQN >HKK@ PULAO SANA >=0A@ KJ PDA LNAOAJ?A KN =>0AJ?A KB 0QNB=?A ?=N>KDU
@N=PA0 =J@ =J@ PDEO LNKRE@A@ PDA BKQJ@=PEKJ BKNPDA  — >HKK@ CNKQL OUOPA I PD=P EQ OPEH{ EJ QOA PK@=U BECQNA
2DA BQJ?PEKJO0 KB PDAOA =JPECAJO =NA QIGJIKSJ >QP OK I A D=RA >AAJ =00K?E=PA@ SEPD JKN I =H >EK?DA I E?=H
BQJ?PEKJO KB PDA ?AHH $QNPDAN B KNA — >HKK@ PULAO =NA EJDANEPA@ =0 =HHAHAO KJA BNK I A=?D L=NAJP =J@ PDAU
@EOLH=U L=PPANJO KB @K B EJ=JP =J@ ?K@K B EJ=JP EJDANEP=J?A 2DA =HHAHAO BKN =J@ >HKK@ PULAO =NA ?K@K B EJ=JP
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PK A=?D KPDAN =J@ >KPD =NA @K BEJ=JP KRAN >HKK@ PULA — 2DANABKNA EJ@ERE@Q=HO SEPD CAJKPULAQO KB KN —
D=RAPULA  >HKK@ =J@ ATLNAOO PDA  ?=N>KDU@N=PA =JPECAJ KJ PDA OQNB=?A KB PDAEN O 10 .AKLHA SEPD CAJKPULAO
KB KN — D=RAPULA >HKK@ =J@ ATLNAOOPDA  ?=N>KDU@N=PA =JPECAJ KJ PDA OQNB=?A KBPDAEN O 10 2DKOA SEPD
= CAJKPULA KB D=RA PULA >HKK@ =J@ ATLNAOO >KPD  =J@ ?=N>KDU@N=PA =JPECAJO KJ PDA OQNB=7A KB PDAEN
O 10 $EJ=HHU EJ@ERE@Q=HO SEPD = CAJKPULA KB —— D=RAPULA — >HKK@ =J@H=?G =J@ ?=N>KDU@N=PAO KJ PDA OQN
B=?AKBPDAENO 10

P EO E B LKNP=JP PK JKPA PD=P PDA O 10 KB =H{ BKQN  — >HKK@ PULAO OD=NA = ?K I B KJ LNKPAEJ NA?ALPKN I KHA?QHA
=J(@ EP EO PDA =@@EPEKJ KB OLA?EBE? ?=N>KDU@N=PAO PK PDA LNKPAEJ NA?ALPKNO PD=P @APAN I EJAQ =Jo >HKK@ PULAO
2DA CAJAQ PD=P =NA EJDANEPA@ BKN PDA =J@ >HKK@ PULAO AJ?K@A AJVU I AO PD=P =@@ PDA ?=N>KDU@N=PA ?K I LK

JAJP PK PDA LNKPAEJ NA?ALPKN *J@ERE@Q=H0 SEPD — >HKK@ PULA OPEHH D=RA PDA LNKPAEJ NA?ALPKN >QP H=?G PDA AJVU I A0
PD=P SKQH@ =@@ ?=N>KDU@N=PAO PD=P SKQH@ N =GA PDAEN NA@ >HKK@ ?AH{ PULA KN

*C+ =JPE>K@EAO EJ LH=0 I = PD=P ?NKO0O NA=?P SEPD >HKK@ CNKQL =JPECAJO JKP LNAOAJP KJ =J EJ@ERE@Q=HO KSJ O !0
=NA ?=HiA@ EOKDA I =CCHQPEJEJO BECQNA "OKDA 1 =CCHQPEJEJO =NA LNK@Q?A@ SEPDEJ PDA BENOP BAS SAAGO =BPAN >ENPD
=J@ LANOEOP PDNKQCDKQP HEBA 2DA0A =JPE>K@EAO =NA LNK@Q?A@ EJ NAOLKJOA PK ATLKOQNA PK AJRENKJ B AJP=H =JPECAJO
BNK B BKK@ =J@ BE?NKKNC=JEOBO0  LANOKJ SEPDPULA >HKK@ D=0 =JPECAJO KJ PDA OQNB=?A KBPDAENO 10=J@ SEH
LNK@Q?A =JPE  =JPE>K@EAO PK AJRENKJ B AJP=H =JPECAJ0 PD=P NAOA I >HA PDA ?=N>KDU@N=PA ?K I LKJAJP KB  =JPECAJO
2DKOA SEPD PULA  >HKK@ D=RA  =JPECAJO KJ PDA OQNB=7A KB PDAEN O 10 =J@ SEH LNK@Q?A =JPE  =JPE>K@EAC PK
AJRENKJ B AJP=H =JPECAJO PD=P =NA OE I Ef=N PK PDA ?=N>KDU@N=PA ?K I LKJAJP KB  =JPECAJO _AKLHA SEPD >HKK@ PULA
— =?G>KPD =J@ =JPECAJO KJ PDAEN O 10 =J@ PDANABKNA LNK@Q?A >KPD =JPE  =J@ =JPE  =JPE>K@EA0 IKJ
RANOAHU LAKLHA SEPD >HKK@ PULA D=RA >KPD =J@ =JPECAJO0 KJ PDAEN O 10 =J@ PDANABKNA #=?G =JPE  =J@
=JPE  =JPE>K@EAQ

Blood Type
A B AB (o)
Red blood
cell type
LY LY S vy
'\_,h_ll-_'{_ :..-:,-“:.'-. '\;‘_llg{. __\_:__ll__’,_{_
Isohemag- =N P ¥ N
glutinins Anti-B Anti-A None Anti-A and
Anti-B
Antigens O ¢ LR
on red A antigen B antigen Aand B None
blood cell antigens
><JG: ADD9 INE:H _><JG: 9:H8G>EIPDC 6K6>467A: 61 1=: :C9 D; I=: 8=6EIl:C

OEKJ SEPD =J EJ?K I L=PE>HA

L=PEAJP I =U NAMQENA = >HKK@ PN=J0BQOEKJ >A?=Q0A PDAU H=7G 0QBBE?EAJP O
NEAJ?A@ OECJIEBE?=JP HKOO KB >HKK@ RKHQ I A PDNKQCD PN=Q I = KN @EOA=0A
DAHL PDA L=PEAJP EP EO AOOAJPE=H PD=P PDA L=PEAJP NA?AERA = PN=JOBQOEKJ SEPD N =P?DEJC
— >HKK@ PULA B =UHA=@ PK = OPNKJC LKPAJPE=HHU HAPD=H PULA ** DULANOAJOEPEREPU ?UPK
PKTE? NAOLKJOA ?=H{A@ DA I KHUPE? PN=JO0BQOEKJ NA=?PEKJ &20 BECQNA

$0

10 =JABE= KN>A?=Q0A PDAU D=RA ATLA
HPDKQCD PDA >HKK@ PN=J0BQOEKJ EO CERAJ PK
— >HKK@ PULA

#oR)G




type A donor type B recipient

type A antigen anti-A antibody

w
Ao

4hemoglobin

complement
(1) Donated type A blood (2) Anti-A antibodies in plasma (3) Bound anti-A antibodies activate
with type A antigens of type B recipient bind to complement cascade, causing
enters bloodstream of donated type A red blood hemolysis and release of
type B recipient. cells. hemoglohin.
><JG: INE: 1! =NE:GH:CHPK>IN =:BDANI>8 1G6CH; JHDC 6:681°>DC  ,* A:69>C< ID =:BDANI>8 6C:B>6  ADD9

;DB 6 INE:  9DCDG >H 69B>CHI:G:9 ID 6 E6I>:CI L>I= INE:  7ADD9 ,=: 6CI>  >HD=:B6<<AJPC>C 1<% 6CI>7D9>:H >C
I=: G:8E>:Cl 7>C9 ID 6C9 6<<AJI>C6I: 1=: >C8DB>C< 9DCDG INE:  6:9 7ADD9 8:AMH ,=:7DJC9 6CI> 6CI>7D9>:H
681>K61: |=: 8A6HH>86A 8SDBEA:B:Cl 86H369: G:HJAI>C< >C 9:HIGJI8I>DC D; I=: 9DCDG G:9 7ADD9 8:AH _><JG: 9:HB8G>EI>DC
6K6>467A: 61 1=: :C9 D; I=: 8=6EI:C

$KN EJOP=J?A EB = LANOKJ SEPD PULA  >HKK@ NA?AERAO = PN=JOBQOEKJ KB PULA  >HKK@ PDAEN =JPE  =JPE>K@EAO SEHH
>EJ@ PK =J@ =CCHQPEJ=PA PDA PN=J0BQOA@ O 10 *J =@@EPEKJ =?PER=PEKJ KB PDA ?H=00E?=H ?K I LHA B AJP ?=0?=@A SEHH
HA=@ PK = OPNKJC EJBH=1 B =PKNU NAOLKJOA =J@ PDA ?K B LHARAJP BAN>N=JA =PP=?G ?K B LHAT + 1 SEH B AQ@E=PA
1 =00ERA DA I KHUOEO KB PDA PN=J0BQOA@ O 10 2DA @A>NEO BNK I @=0=CA@ =J@ @AOPNKUA@ O 10 ?=J K??HQ@A >HKK@
RAOOAHO EJ PDA =HRAKHE KB PDA HQJCO =J@ PDA CHK N ANQHE KB PDA GE@JAUO SEPDEJ  PK DKQNO KB =J EJ?K I L=PE>HA
PN=J0BQOEKJ PDA L=PEAJP ATLANEAJ?AO BARAN ?DEHHO LNQNEPQO EP?DEJC QNPE?=NE= DERAO @UOLJA= DA I KCHK>EJQNE=
DA I KCHK>EJ EJ PDA QNEJA  =J@ DULKPAJOEKJ HKS >HKK@ LNAOOQNA *J PDA 1 KOP OANEKQO NA=?PEKJ0 @=JCANKQOHU HKKS
>HKK@ LNAOOQNA ?=J HA=@ PK ODK?G I QHPE KNC=J B=EHQNA =J@ @A=PD KB PDA L=PEAJP

&KOLEP=HO B A@E?=H ?PAJPANO =J@ =00K?E=PA@ PHEJE?=H H=>KN=PKNEAO PULE?=H{U QOA DA I KRECEH=J?A OUOPA B O PK B EJE B EVA
PDA NEOG KB &200 @QA PK ?HANE?=H ANNKN &A I KRECEH=J?A OUOPA 1 0 =NA LNK?A@QNAQ PD=P PN=?G PN=J0BQOEKJ EJBKN I =PEKJ
BNK B PDA @KJIKN OKQN?A =J@ >HKK@ LNK@Q?PO K>P=EJA@ PK PDA BKHHKS QL KB NA?ELEAJP L=PEAJPO &A I KRECEH=J?A 0UO
PA B0 QOA@ EJ 1 =JU ?KQJPNEAO EQAJPEBU &200 =J@ PDAEN KQP?K I A0 PDNKQCD B =J@=PKNU NALKNPEJC AC PK PDA $KK@
=J@ "*NQC @ N EJEOPN=PEKJ EJ PDA 3JEPA@ 1P=PA0 =J@ PDEO EJBKN I =PEKJ EO R=HQ=>HA PK DAHL LNARAJP 0Q?D K??QN
NAJ?A0 EJ PDA BQPQNA $KN AT=NLHA £B =J &20 E0 BKQJ@ PK >A PDA NAOQHP KB H=>KN=PKNU KN ?HANE?=H ANNKN =@@EPEKJ=H
SHKK@ LNK@Q?P0 ?KHHA?PA@ BNK B PDA @KJIKN =P PD=P PE N A ?=J >A HK?=PA@ =J@ H=>AHA@ ?KNNA?PHU PK =RKE@ =@@EPEKJI=H
&200 0 =NAOQHP KB PDACA B A=0QNA0 &20 =00K?7E=PA@ @A=PDO EJ PDA 3JEPA@ 1P=PA0 K??QN EJ =>KQP KJA LAN  NEH
HEKJ PN=JO0BQOA@ QJEPO

) "$5034

+=JU @EBBANAJP PULAO KB ANUPDNK?UPA =JPECAJO D=RA >AAJ @EO?KRANA@ OEJ?A PDA @AOPNELPEKJ KB PDA  — NA@ ?AH
=JPECAJO 2DA 0A?KJ@ N KOP BNAMQAJPHU @AOPNE>A@ O ¥ =JPECAJO =NA OD B=?PKNO J= N A@ =BPAN PDA NDAOQO B =?=MQA
%68686 BJAGII6 B=?PKNO EQAJPEBEA@ >U )=NH *=J@OPAEJAN =J@ HAT=J@AN S5AEJAN EJ 2DA OD OUGPAR KBO 1!
=JPECAJO EO PDA B KOP ?K I LHAT =J@ E I B QJIKCAJE? >HKK@ CNKQL OUOPA N SEPD BKNAPD=J  OLA?EBE?EPEAO E@AJPEBEAQ@
PK @=PA —B =H{ PDA OD =JPECAJO PDA KJA @AOECJI=PA@ ODK SAEJAN KN ** $EODAN O=?A EO PDA B KOPEN B QJKCAJE?
T AHHO =NA ?H=00EBEA@ =0 OD LKOEPERA OD EB PDA ODK ** =JPECAJ EO LNAOAJP KN =0 OD JAC=PERA OD EB PDA ODK **
=JPECAJ E0 =>0AJP "J ?KJIPN=0P PK PDA ?=N>KDU@N=PA I KHA?QHAO PD=P @EOPEJCQEOD PDA  — >HKK@ CNKQLO =J@ =NA PDA
P=NCAPO KB "C—+ EOKDA I =CCHQPEJEJO EJ &200 PDA OD B=?PKN =JPECAJO =NA LNKPAEJO 0 @E0?Q00A@ EJ OA?PEKJ
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LNKPAEJ =JPECAJO =?PER=PA  ?AHH0 =J@ =JPE>K@U LNK@Q?PEKJ PDNKQCD = 2 ?AHHh@ALAJ@AJP B A?D=JE001 =J@PDA 2&
?AHHO OPE B QH=PA ?1=00 0SEP?DEJC BNK I "C—+ PK KPDAN =JPE>K@U ?#=00A0 "J PDA ?=0A KB OD B=?PKN =JPECAJ0 2& 7?AH0
OPE I QH=PA ?H=00 0SEP?DEJC PK *C% =J@ PDEO D=0 E B LKNP=JP E I LHE?=PEKJO BKN PDA B A?D=JE0N KB &"*,

*EGA  — EJ?K B L=PE>EHEPEAO >HKK@ PN=JO0BQOEKJO BNK I = @KJIKN SEPD PDA SNKJC OD B=?PKN =JPECAJ0 ?=J ?=QOA =
PULA ** DULANOAJOEPEREPU &20 &KSARAN EJ ?KJIPN=0P PK PDA *C—+ EOKDA B =CCHQPEJEJO LNK@Q?A@ A=NHU EJ HEBA PDNKQCD
ATLKOQNA PK AJRENKJ B AJP=H =JPECAJ0 LNK@Q?PEKJ KB =JPE OD B=?PKN =JPE>K@EAQ NAMQENAO PDA ATLKOQNA KB =J EJ@E
RE@Q=H SEPD OD >HKK@ PK OD LKOEPERA O 10 =J@ =?PER=PEKJ KB = LNE B =NU =JPE>K@U NAOLKJOA  HPDKQCD PDEO LNE
1 =NU =JPE>K@U NAOLKJOA ?=J ?=Q0A =J &20 EJ PDA PN=J0BQOEKJ L=PEAJP PDA DA I KHUPE? NA=7PEKJ SKQH@ >A @AH=UAQ@
QL PK  SAAGO @QNEJC PDA ATPAJ@A@ H=C LANEK@ KB = LNE B =NU =JPE>K@U NAOLKJOA 0A?PEKJ &KSARAN EB PDA
L=PEAJP NA?AERAQ = 0Q>0AMQAJP PN=JO0BQOEKJ SEPD OD O 10 = BKNA N=LE@ &20 SKQH@ K??QN SEPD =JPE OD B=?PKN
=JPE>K@EAO =HNA=@U LNAOAJP EJ PDA >HKK@ $QNPDAN I KNA PDA N=LE@ 0A?KJI@=NU =JPE>K@U NAOLKJOA SKQH@ LNKRE@A
ARAJ B KNA =JPE OD B=?PKN =JPE>K@EAQ BKN PDA &20

OD B=7PKN EJ?K I L=PE>EHEPU >APSAAJ 1 KPDAN =J@ BAPQO ?=J =HOK ?=QOA = PULA ** DULANOAJOEPEREPU DA I KHUPE? NA=7PEKJ
NABANNA@ PK =0 DA I KHUPE? @EOA=0A KB PDA JAS>KNJ &"", BECQNA '8=J OD SKI=J7?=NNEA0=J OD >=>UPK
PANE PDA B KPDANFOER B QJAOQUOPA R ?=J >A ATLKOA@ PK OD BAP=H NA@ >HKK@ ?AHHO0 2DEO ATLKOQNA SEHi QOQ=HHU K??QN
@QNEJC PDA H=0P PNE B AOPAN KB LNACJ=J?U =J@ @QNEJC PDA @AHERANU LNK?AQ0 *B PDEO ATLKOQNA K??QNO PDA OD  BAP=H
O 10 SEH =?PER=PA = LNE B =NU =@=LPERA ER 1 QJA NAOLKJOA EJ PDA B KPDAN =J@ =JPE OD B=?PKN *C% =JPE>K@EA0 SEH
>A LNK@Q?A@ *C% =JPE>K@EAO =NA PDA KJHU ?H=00 KB =JPE>K@U PD=P ?=J ?NKOO PDA LH=?AJP= BNK B N KPDAN PK BAPQO
DKSARAN EJ B KOP ?=0A0 PDA BENOP OD >=>U EO QJ=BBA?PA@ >U PDAOA =JPE>K@EAQ >A?=QO0A PDA BENOP ATLKOQNA PULE?=H{U
K??QN0 H=PA AJKQCD EJ PDA LNACJ=J?U PD=P PDA I KPDAN @KAQ JKP D=RA PE B APK B KQJP = OQBBE?EAJP LNE B =NU =JPE>K@U
NAOLKJOA >ABKNA PDA >=>U £EQ >KNJ

First pregnancy with
Rh* fetus

Rh™ mother

Rh* red
blood cells
enter into
mother’'s
circulation,

Rh™ fetus

@Ami—Rh antibodies are

produced upon eXposure

to fetal Rh antigens.

><JG: 6 /=:C6C™*=

BDI=:6 =6H 6C *=
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Second pregnancy with
Rh* fetus

Rh™mother
Maternal anti-Rh
antibodies attack and
destroy fetal Rh* red /
blood cells. Fetus
becomes hemolytic.

Rh* fetus

Anti-Rh antibodies remain
in mother’s circulation and
cross placenta.

(a)

First pregnancy with Rh" fetus
and anti-Rh antibody treatment

Rh™ mother
Rh* red
blood cells
enter into
mother’'s Mother
circulation. " ‘' — injected
* with
\r i Rho(D)
[ immune
globulin
during
pregnancy.

Rh* fetus

@ Anti-Rh antibodies bind and inactivate
fetal Rh antigens before they stimulate
immune response in mother.

(b)
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'B = 0Q>0AMQAJP LNACJ=J?U SEPD =J OD BAPQO K??QNO DKSARAN PDA I KPDANIO 0A?KJ@ ATLKOQNA PK PDA OD B=?PKN
=JPECAJO ?=QO0A0 = OPNKJC 0A?KJI@=NU =JPE>K@U NAOLKJOA PD=P LNK@Q?AO0 H=NCAN MQ=JPEPEAO KB =JPE OD B=?PKN *C%
2DA0A =JPE>K@EAO ?=J ?NKOO PDA LH=?AJP=BNK I I KPDAN PK BAPQO =J@ ?=QO0A &"* , = LKPAJPE=HHU HAPD=H ?KJ@EPEKJ BKN
PDA >=>U BECQNA

><JG: ,NE: 11T =NE:CH:CHDPK>I>:H 6C9 I=: HNHI:BH I1=:N 6;;:8] 6 !'BBJC: 8DBEA:M:H ;0GB 6C9 9:EDWI >C PHHI: DBEA:B:Cl
681>K61>DC HI>BJAGI>DC D; 6C >C;A6BB6IDGN G:HEDCH: 6C9 6:863>1B:Cl 6C9 68I>K61>DC D; C:JIGDE=>H G:HJAI >C 96B6<: ID 7ADD9
K:HH:AH =:6GI IPHHJ: D>CIH H@>C 6C9 DG @9C:NH 7 !; I=: @®9C:NH 66: 96B6<:9 7N 6 INE: ! =NE:GH:CHI>K>IN G:681>DC 9>6ANHH B6N

7:G:FI6:9 ><JG6: 9:HBGEI>DC 6K6>467A: 61 I=: :C9 D; I=: 8=6EI:G
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