Ml 16 2ZrZE: Immune Response to Infectious Disease
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INFECTIOUS DISEASES:

THE LEADING KILLERS IN 1996

Cause of death

Estimated number
of deaths worldwide

Acute respiratory infections

Daarrheal diseases

Tuberculosis

Malaria

Hepatitis

Measles

Meningitis, bacterial

Pertussis (whooping cough)

African trypanosomiasis
(sleeping sickness)

4,000,000

4,200,000}

3,300,000

1,000,000 2,000, 000
1,000,000 2,000,000
1,200,000

200,000

250,000

150,000 or more

Leishmaniasis 80,000
Rabies 40,000-70,000
Amoebiasis ADLO0O-70,0:00
Hookworm 65,000
Roundworm 60,00
Yellow fever {epidernic) 30,000
Schistosomiasis (parasilic 20,000

tropical disease)

SOURCE: Warld Health Ovganization, LLS. Agency for International
Development, and National Institute of Allergy and Infectious

Diseases.

Viral Infections

- VirusOll ZSEUS M= Ct=2 specific immune effector mechanismit innate
immune systemOl Z=0t04 virus2l replications 2t=C.
— Specific immune mechanisms
nse type Effector molecule or cell Activity
oral Antibody (especially, secretory IgA) Blocks binding of virus to host cells
preventing infection or reinfection
lgi, 1gM, and 1gA antibody Blocks fusion of viral envelope with
plasma membrane
[gl and 1gM antibody Enhances phagocytosis of viral part
{opsonization)
T amtibody Agplutinates viral particles
Complement activated by IpG Mediates apsonization by C3b and
ar IgM antibody of enveloped viral particles by
membrane-attack complex
mediated TFN-y secreted by Ty, or T cells Has direct antiviral activity
Cytotaxic T lymphocytes (CTLs) Kill virus-infected self-cells
NK cells and macrophages Kill virus-infected cells by antibody
dependent cell-mediated eytotoxic
- Innate immune system by IFN-a and IFN-B: VirusJt ZF& %0 virus life cycleS &
A2lE St BFS0 & double stranded RNA (dsRNA)= 2 & AIEIb IFN-a 2t IFN-BS
©HSHGIEE KRESICH IFN-a/BIt celll EHA U= IFN-o/B receptortl ZEE22M 0]
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£ 0ad A2 signal transduction HES HXIH = 2= 2ZE= Al
= Moot H O viral replicationg =Cl.

IFN-o/
N/ _IFN-tt/B receptor

J&: Inaduction of antiviral
activity by IFN-a and —p.

2-5(A) synthetase  Protein kinase
PKR {inactive) + ATP and
, ' dsRNA
ATP  2-3(A)  PKR (activated)—

[nactive Active  Phosphorylation
RNAse L RNAsc L of elF-2

Degradation of  ¢IF2-GDP
poly(A)mRNA  (nonfunctional)

INHIBITION OF PROTEIN SYNTHESIS

A) Viral evasion of host—-defense mechanisms
- VirusS2 host2l HAXMAHO 2st 2 H2 =10 2E30 replication2 &)l <
XN=2 JHNLD UL

NG
=}
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(D Hepatitis C virus; PKR2l action2 blocking StCt. WetA IFN-a/BIt antiviral activityS
JERIRI R &Lt

@ Herper simplex virus (HSV)2 immediate-early protein 2| otLIC!I ICP47S £ &5t
antigen processingll 2AHIdt= TAPSl actionE blocking 22 A antigenO| class |
MHC moleculelil deliverydl ZIXl #2822 CD8" T cell0l antigenS present® # gloO
2 CTL responseE &= AlI2|XI RetCH.

(® Cytomegalovirus (CMV)- Infected cellE2 EHHO class | moleculel Z&S EQIC}.
Cetd ss88o=z g32 CD8" T cellof present & = SiCh.

@ Blocking complement's action

- Vaccina virus; C4b complement componentlil Z&ote HHE S LEGIE=Z

= ore

complement?l classical pathwayE = =Ct.

=1 (@)
SHE2=2 M complement?l classicallt alternative pathwayE 2 =Ct.
(® Antigenic Variation
- Influenza virusE2 H =0l A antigenic variation2 &HCH (Ot WEN MZ2 virus type
0l &8,
- RELIIQ F2Q2 22l rhinovirus® Ot WEM variationdtCt.
- Hive 218 =2 BT Z antigenic variationE &tCt (Influenza virus2l 6581 & &).

® Immunosuppression; MumpsE 2 23|= paramyxovirus, measles virus, Epstein—-Barr
virus (EBV), cytomegalovirus, HIV



B) Influenza
Infect through upper respiratory tract
& MAZ2Z OtF BIHG| LA SHTE

ssBNA virus, 90~100nm diameter, enveloped

— two glycoproteins in envelop; hemagglutinin(HA) and neuraminidase(NA)

Nucleocapsid L
Hemagglutinin

Matrix protun

Lipid hlhv{ ﬁ\

0 10 20 30 40 50
Y N it M M

Nanometers

J&/:  Schematic  representation
influenza structure.

- HA:
— Virus particle0l host cell2 attachmentOl 2H &,
- HA= host cell@ glycoprotein2l sialic acid groupl
— 1000 HA projection/ virus virion

- NA:

Glycoprotein® N-acetylneuraminic (sialic) acid&

=2 x50
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— Influenza virus= nucleoproteinlt matrix proteins2l XHOI0l W2k 37HX 2 type

(A, B, C)0OI ACH.
- Type AJl =2 A2l flueE L2210}

- World Health Organization (WHO)Ol & HHH:

of

A/Hong Kong/1968(H3H2)-1968%

ol =E30lAM MESZ2H Z2|E strain A, isolate 1 0/11 0l= HA antigenic type 30|12

NA antigenic type 20|LCt.

- Type A influenza viruse 1342 HA2L 9N

ol NASl C+E typeOl =TMHEtCH.

— Antigenic variation® HA2 NA molecules=

o H3at M=ol AJl=0 2IJtXI2  antigenic

variation mechanismO| ULt

i ) Antigenic drift: point mutation22 Il

HAS NAOI minor changeE ®&etCt.

i) Antigenic shift: HA2F NA antigenOl JI

o A 2F3| L2 MZ2 subtypell &8
= 84 (8JH2 ssRNADI U822 S22 Kl

Of I A&l HE0! reassortment&.
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drift



- Influenza virus2 infection0l LO{LIH HAONl specific

) . . . Tip/interfac
&t antibodyJt 2F=0 X2 0Ol antibody= influenza 2€ Binding o l,p/mm“m
S protectiongtCt. 2Lt antigenic driftlt antigenic dev @
shiftdt LO{Lt2 0l protectionS & 2 UL} Loop 20

- HA molecule0l A antigenic driftot 20{Li= 20t 3
=0 &Xot=0 (Loop, Tip, Hinge) Loop domaindt Tip
domain 2&0| sialic acid bindinglll 2% FEES o2
2 Ol=0l specificgt antibody= virus particle0Ol target
cell bindingdte A& 2s = UL

- Humoral response &0t OtLI2t CTLE &R f&s
5HC}H

B pleated H
sheet

Bacterial Infection

— Intracellular bacteria® ZdY AR0= DTHII SR8 F&= otd 1 22 bacterial
Infection & B0 = antibodydt E2& S&2 &tCt.

- 2@ 2 (number of organism entering), 54 ATl et CtYsH host defense system
ol &=s= L.

— Inoculum sizedt &1 =40| 26tH innatelt nonspecific immune response2 A 2
ME HMAHE 2= JA2LE inoculum sizedt 31D SH0I 26tH specific immune response&
N ZSEME Mo SLHCE.

A) Immune response to extracellular and intracellular bacteria
- Extracellular bacteria0fl

Ciol = humoral immune

responseldt SR8 HE=

&tC.



— Intracellular bacterialll A= innate immunitye €2 S tE UEIWHA R&HCH

- Intracellular bacteria= NK cell@ activationAlZd =D HAW HHSID 12 = DTHE
CMIE S &8st 0l BHEUA= CD4" T cell@l activationAl A cytokine(%ﬁl IFN-y)S &
O MHotH ot MdpE E4H3HAIA infected pathogens =L = UA StCH

|'o||

bacteria

() Sensitization phase /__ y
Intracellular | \@ §
[T ™
A

& Overview of the DTH

e
. resporse
CD4HTR \\_,.\._. p
.® |
a®
ML
Antigen-presenting ToTH
cells: Macrophages cells: Tyl cells
Langerhans cells (generally) CDE*
(b} Effector phase " . .
Secreted "huﬁ/{‘ 'J“ IIMHC— B) Bacterial evasion of host
IF\I .
= “= " ?_é- defense mechanisms
/1 5 <3 9 o
".\ ﬂ ) - , - Bacterial infection2 four
Membrane ‘u» ﬁ_/\ iI'NFrL it primary steps
C
TNER - Resting -Attachment to host cells
Sensitized TryTH macrophage Activated macrophage

-Proliferation
Effects of macrophage

TRy TH sceretions: . . .
Cytokines:  IEN-y, TNEB, %‘g&::;?rju;:f** 1 Invasion of host tissue

IE-2, IL- M- L
CSF e T INF receptors ‘Toxic—-induced damage to
i Oxygen
host cells
- Host2l B XHAHASE2 01=2 2f SH0O 8t defense system= It ALLt HEZ
ot THefet host defense systems ==& &= A= ChE mechanism=S JHAl LD RUCH
TABLE 17-4 HOST IMMUNE RESPONSES TO BACTERIAL INFECTION
AND BACTERIAL EVASION MECHANISMS
Infection process Host defense Bacterial evasion mechanisms
Attachment to host Blockage of artachment Secretion of proteases that cleave secretary
cells by secretory lgA { Neisserin meningitidis, N. gonorrhocae, H
antibadies inifluenzie)

Antigenic variation in attachment structure
gouorrhoeae)

Proliferation Phagocytosis {Ab- and Production of surface structures {polysacch
Cib-mediated M protein, fibrin coat) that inhibit phago
opsonization) Mechanisms for surviving within phagocyt

Induction of apoptosis in macrophages (56



C) Contribution of the immune response to bacterial pathogenesis

- dgEe EHR 0MES Zdg XA 2t 24 =8t otLlet HIEAEQ immune stimulation
ol &gt A= UL

LPS-M¢E activationAlH [L-20t TNF-aE overproductionct septic shockE® R & stClh.
‘TSST1(superantigen)-activate all T cells, overproduction of cytokines

‘Intracellular bacteriaOl 2/ CD4" T cell0l HI=ZoHA activationEl O DTH S &6H0 tissue
destruction2 S &

.Cytokines=0| 0l ZHIZIHAM M¢oIt activationtl 1 accumulation= 0 granulomagE &4

—

ot Ol= granulomalll U= E2 lysosomal enzymes=0]| tissue necrosisE L 22IL}.

-

Protozoan Disease

- Protozoan& unicellular eukaryotic organism==2ZA amoebiasis, chaga's disease,
African sleeping sickness, malaria, leishmaniasis, toxoplasmosis 2| 282 2 22IC.
- 0lIE2 == UOHIA o ZHS life cycle2 HXl=0d 0 HEOUHA OIS0l blood
streamOll M freedtH &otH ==2| defenseZ= humoral antibodyJt effectivedtil, Ol
=0l intracellular growth stage0Ol® CMIJt host defenseZ2 Al = R otCt.

A) Malaria

- Plasmodium speciesIt L2ICt. (=2 P.falciparum)

- 1~28H0tH AtQt/year

- Femalell anopheles mosquitoes= TS Ot 20 (cf. male anopheles
mosqauitoes= AE9| juiceE H=CH)0l BEUAM Plasmodiums ME NN infectionAl2l
Ct.

- 2J|Jt sporozoites &AEiZ 2HAIZICH — P
Blood system —Liver2 0|S35t0 hepatocytesE _—
ZEAI2ICH. — multiplyStd merozoitesE& 2HE i

Ct. — merozoitesJt RBCOl infection OIF0 ; _&""T‘gf#‘:““@&\

*4
{{ Sporozoites @

malaria &S S|ST8HCH (GHUQ sporozoite=

5,000~10,000 merozoitesE BHELH) — Z= ;@

some merozoites= malell female gametocytes ,an \
(]

2 &t — female 2210t 0188 HSEHC. — la"' |

0I=2 2212 salivary glandilAd malelt female o/
©| gametocytesOl A gametes® T MZE fuse _mnsguim.| /
ot0d zygoteZ2 &1 0l zygotesIdt multiplies& 12 gue /) / h

differentiated© i sporozoitesZ = C}. < | -J-_ ;
"'5"
l / % Kok
I

Ol

&) - recurrent chills, fever and sweating et anvics
(48AI2F Z=I|: 2EE RBCOIM MBS \L
merozoitesE A4S0 UE Al2H

— anemia, splenomegaly; merozoites2 = XJt EOIH M capillariesE
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ZA Ml S
2202t S0 d0o{L= immune response0l CHaH

— Vaccines: 8&06lS% Plasmodium? 2t or &
& =22t vaccine HEWH HHAS0l UL
' Had

DI HAH2Z =0 = 90N HAAZ =

- P.falciparuma Jt& =
0l ”}A= P.falciparum2 challenge® 2 &2 6Y0| protectT ALt 0l= vaccine W2l It
s&8&8 B0 =L sporozoites= tissue culture celllAl A2 otXl Rot2x WOH0] &
AMEUHA FAE vaccineg HWEd)|l= &S0

-zl 20l= subunit vaccineS JH&=0ILCH.

Disease caused by parasitic worms (Helminth)
orO

- J|M=2 multicellular organism2Z 02 =3+ WHOA multiplydtXl 22282 QI

ST
LIl 20 low-level immunity2t SE&2

HU H

Z9| immune systemOll & exposure &l Xl

=0
defensedt S0|ctAl &£3.
2l &l =
o

CHEXQI 210| Schistosoma (EE=)0l 2 2EOZ of 3uHor %o 2dE. =

]

o

o -/

freshwater snail2 Sol 28&.

- Antibody—-mediated defense systemilt

A= e

CD4" T cellol 2/8 CMIJF schistosoma

defenselil SR &t

k =,
G'_/ = "

l’ldbmd cell

Inflamniation

Mediators

& Overview of the

- immune response
C3: Cib Y =<2 .
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Emerging infectious diseases

==
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I TABLE 17-5 EMERGING PATHOGENS RECOGNIZED SINCE 1973

Year Pathogen Disgase

1973 Ratavirus Major cause of infantile diarrhea globally

1974 Hepatitis C Nomn-A, non-B hepatitis commonly transmitted via
transfusions

1476 Cryptosporidium parvam Acute chronic diarrhea

1980
1981

1582

1983
1988

19591
1992

1994
1985
1546
1997
15949

Ebala virus

Legionella pueumophilia

Hantavirus

Campylobacter jejuni

Human T-lymphotrophic virus 1 (HTLY-1)

Toxin-producing strains of
Staphylococous qureus

Escherichia coli D15T-HT

HTLV-11

Horrelia burgderfert

HIV

Helicobacrer pylori

Hepatitis E

Guanarito virus

Encephalitozzon hellem

Vibrio cholerae 0139

Bartonglla hewselae

Sabia virus

Human herpes virus-8

TSE cauvsing agent

Influenza A subtype H5NI

Influenza A subtype HIN2

Mipah virus

Ebala haemorrhagic fever

Legionnaires’ disease

Haemorrhagic fever with renal syndrome
Enteric diseases distributed globally
T-cell lymphoma

Toxic shock syndrome

Haemorrhagic colitis

Hairy cell leukemia

Lymie disease

AlDS

Peptic ulcers

Enteric non-A, non-B hepatitis

Venezuelan haemarrhagic fever

Conjunctivitis, disseminated disease

New strain of epidemic cholera

Cat scratch discase

Brazilian haemarrhagic fever

Associated with Kaposi sarcoma in AIDS patients
New variant of Creutzfeldt-Jakob disease imad cow disease)
Avian influenza

New strain of human influenza

Encephalitis
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