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alusal Bysa 8 i Ll G A€l Ao liall e J¥1 Hdll Agliadl) delidl Jids 5 138
DL delidl ol ety Ldaclia

(&= blsa— gser— o) amall Jilgus RS 3 Ly Ao lial) plon¥) 028 i — )

Jladl LA s Al clanal) e alas )y d_Au\ el sl as—
. Extracellular antigen

CUle bysaa A g2 Ao lial) alual) L-,i _u; Cpaidl paadil 30l delid oda — ¥
(nxe EPItOpe  caiil sl jaradic leia S

JEdl s (e ansd g ouill a Gl dda A.ct.ml\ o ey WAl aiaanl \.\A}— ¢
aliadl due lial) u;%z\wmc T =ty s
IS Lelae a8 laailig sy cde Lidl) em;%z\ RS e eyl Jsiuall & B WA et
Jares ad aa i) Lapl e saelaall oda psd Calgig 1aa Ty 5 Anelgil)) LDAN
s qu_ wiz\ Lg_‘\qm ,4_14, u\ usm m,}n &_a\.u;.x.&\ u\s dﬁ oo ,sJ us} dm
s (T-dependent antigen) T LD e sadindl L_:L.u;.\.&\ s1a ‘_,,_M_a 5 Ty WA
u.xu‘){\ 138 2 SIS d5a aa B8l Gliatl) o3 A 45Kl de i)
b_am _u.uud_‘ unzm )@A\ L\)\;“C_lu.uu.o))m\ﬁ L@..\\BA.:L\:\J}).\S\ )4; uum&\ l

oe um.a [ S uuMSz\ o3 Ciagi 13T DA Ll sldieY! (s um&\ 13 i e
leie i Yy 358 Jil Ll Saam L 45,804l delially o T-independent antlgen) T WA
copadiY ] 13¢] 3,503

s Al vl Jilpu 88) 500 Ao lia plual 8y5ua 8 Jids dladll Lol o Cumy
Ao i) alua) e Galial ED sl
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IgA = IgM -« IgG (IgY) i
196G (IZY) 05y 138 (Y S 45,0 (83 334 1gG (IgY) eliall maadl o 5o LS
Al e AL Al € i Gy Aia) QL) e g 5 AL DL e 55 0
PLeaT o gl 13a ol o3 ey ecumitly oY) Faliie Jias ¢ 13 pelr Lus 33550 Abia
sy Laglh A cpsially 3l Lo W o lin i1 0 ) g plailY) abiins i il

On Shaag eed e IgMsS JB) dawr Jad ¢ 1gG (IgY) 00 8y 080 Slang Bypea (&
Glaraall aaddl) sand Leliadl Jlually i gias e [gAGSL LanlgG (IgY)
same IS 0 Al il 2 e ST e ¥ (ggin) 3 4 i 38 R

) LR U dre alaly 4y ald e lie o

: Cell-mediated immunity 4;51a) delial) ( Lit)

N L dgla delie Lgale 3lkf adl 5 RSl Ao lid) e (U gl dpglal) Ao lidl) Jia
e gl 138 Aliadd) LAY 4l Tons aaleis (uathi dagall slgn asii il peliall DAY
Plialy 3lia) e liv) Al Gliatl) e paliil o AlS 2 e Jine LSl delial
’ ) . Intracellular antigen Jiladl LD

Yl 1P e Te WIS L Ll 558 i anti€al Ao lial) gl (gl Alal) Aeliad) ey
ALE 3ol Lgtiing o585 Ialy e Alaily) Lubiy ¢ infected cells dbaxll LIAL Lgid s
LSP‘)M‘*.A-‘UA‘:‘XL‘“MU‘TC%M&JW Dl (e e e Lo ol
s Aol J5) LS 05 58 By il Galia) (n il g Jaly 13S0 Ailias
Aol s Al Lali e Ao lidl G gl 13 3 Lad elis Ty LS of Lad 31U
an Lo Jonaill WS3 oy o (gl (Bl D5 05 (f (S 2514

Clinlé 35 8 Aatid) g dyjlall ¢l 4al) g_:\u}).\ﬂ\ o slaey) & a8l Capdlisals
Ao il o LyaSHl adina s Aisall clianeSIl Laiy el glally Guloaall Aeliall (e JS Jadisi da
ass Al a4l

O alaily) ddkia L Alaily) dikaie

IgG (IgY) S5 pag (Y +) Jsa
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Calsll palal B asadl) B Lasal) aSadll/ald Yy cilisaadl) g
()The Role of Vaccination & Lab Monitoring in The Control of
Poultry Diseases
: Monitoring Lab & Vaccination _Jlaxall aSaill/alé;Yly Guasil)

Lab. Monitoring

U_LQM?SN/JL«.AJ‘
Cleaning/ Vaccmatlon
Disinfection
nghal/ilat \
Blalg e F@@d
S TIA - LS dsin
AlnAll- ou
Management \ Hygiene
é.msm\.n,ua
Flock management Con 00
Rodents & =i
Insects

« EMAD SHAKER - Arab Poultry Breeders Co - Saudi Arabia : saall ®
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Health is a balance 4aall ¢fis/5ls5 (1) Jdssa

Disease agents Resistance
Deficiencies 4dlx jalic ad Good feed Ja cale
Toxins <liwsgi/asew | Intestinal flora  sleayl dadall ¢ LaY)
Viruses <l yé Immunity: tdelic
Bacteria LS Local dmas*
Parasites «llils Syste ALaLi—*
Defense System of Chickens against Infections
Specific Immune System
Clilgiy A pal) Lilay) Jilia zlaall o) AUl
gawdial) oLl aladl)
- - AN
|

GUT-ASSOCLATED
~LYMPFHOID TISSWUE

e

Defense System of Chickens against Infections Specific Immune

System :

B Primary Orange dusill auall ¢liaci

W Peripheral lymphoid tissuegslialll gl

- Thymmus gland (ussedll 322
» T-cell system T LA aUss

> cell-mediated immunity 4514 delia

- Harderian gland 3)satic 322
- Caecal tonsilles se¥! il
- Spleen Jakll

- Bursa of Fabricius Ly sae
» B-cell system B WA aUss
> humoral immunitysiiad) sl de il

- Galt: the lymphoid tissue that is associated with
intes tinal tract, the so called gut-associated

lymphoid tissue (GALT)
Gpacag)) 3Ll daliadl dyslialll dansl)

Locations of gut-associated lymphoid tissue in the 3-month old chicken; a review : sl *

A




- Bone marrow alsall ¢ 135
» Precursor blood cells a2l Y 44 1l al)as WA
(@A

- Yolksac il LuS

» Maternal immunity4.l delic

Basics of Vaccination in Poultry als ¢asd cluwbud

Elements of a Vaccination Program (i) malin jalic

Glinaaill dae
Tuna nf e
VLG U < g
_~ \/accines clalal)
I"r
_all™
-
v
x
\ .
- Routeof e
T, . -
® \nnninatiam Cparil)
vauullatiun
u...\aaaﬂ\ JLum

1. Stimulation & Maintenance of Protective Immunity
2. Development of Immunologic Memmory
Luclial) delial Llpa s juins
Geliall 5 K13 dgaiiy ok

\0
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Basics of Vaccination in Poultry Opean Slpuilad

Requirements for Good Immune Response oalsdl
et clalsial
B 4933 Carrart iarpina sal) e lidl
S b ] WL VAN W - -
(2and Rtritisan i Taa (s
MU TNULTILTT | -
- A "
Y -
- -
- e
Y -
e i
e 7Y e
= o
[ . I &
NO ecbie slad] ¥
Immiina
[ERRERE R "IN A"

tomandl) Jadl Adine Gl — Galsal) Cpmand clbl
Basics of Vaccination in Poultry Possible Reasons of Vaccination
Failures :
B Administration of a sub-optimal dose of vaccine.

Afla Ay Gpand sl *
& Poor vaccine quality (rare). .(s3) 7 & de g =%
copaally Jall P A6l sl e ol *
& Improper handling of the vaccine during transport and storage.
< Errors in the vaccination technique. . uasill cilid i oUadl
B Immune suppression. (Ao lal) Gilaual) Ao lial) alai)

VoA



& Immune suppressive viral infections. .dsugdll gsaall clia Cana/aled]
Q& Stress. .algay!
& Mycotoxines. .lius ¢ Ko/ a gam
B High levels of maternal antibodies. .4.a¥) 3ol aluadl Adle cilyginua
B Strong field challenge. .45 48 clyaas
pdiiesal) 7 G Lpeal Salgal) Ay e
B The causative agent is not covered by the used vaccine (e.g .IBV
variants, AIV subtypes, E. coli serotypes).
B Vaccination is too late. .Jaa Al (uass
& Birds are already infected at time of vaccination. . pasill ¢l die Llas gkl
Agiaal) Aelia) sl U8 dglia dla) Cigaa
% Field infection occurs before development of vaccinal immunity .
B Weaning of vaccinal immunity after time. .c8sl b 4uluantl) deUial) allad
;A GlalElL Galsall Guand bl
Basics of Vaccination in Poultry Live Vaccines :
B Advantages: : Glpeal =¥
Create complex immunity. .48 e delic (5SS
»Humoral + cell-mediated. Balzaall alua¥ 1y Ayl delic Jaglia
» Different classes of antibodies.  .3aliaall aluadl dabids 2ludl/Cayias

Rapid onset of vaccinal protection. .4xuasill 45U 6l day s 4l

Easy mass application. . jsdall (e 35S dlacy Guast Glelia) Agen

— No adjuvans needed. LAgila) dsad dalall axe
— No hypersensitivity reactions. .aadlall dsuluall Jad 353y Sigoa are
— Production in big quantities. S LSy - )

B Disadvantages Cgaall =%

— Vaccine agent is present in poultry population.
ol plie 8 cpandl) Jale aalsi—

V.9



— Possibility of shedding of the vaccine agent. . juaxill Jale Llaw) 4l
— Post vaccinal reactions are possible. . uasill cOlels 4ldis)

Basics of Vaccination in Poultry Inactivated Vaccines :
Dbl e clalil calsal cpaad bl
B Advantages : Cljeal) —%

— No introduction of a“ new living agent.” s A deleagag/dAa) aae —
— No shedding of the vaccine agent . comantll dale blin) axe —
— No post vaccinal reactions. comanill axy b 3y Gigan ade —
— Accurate individual vaccination . L83 52 G —
B Disadvantages : qgal) —*
— Reactions of hypersensitivity possible. Aouleall Jle Jad ) ddlas)
— Slow onset of protection. A/ dlaall diday Ay
— Humoral immunity only. i 3aladl) aluaY) aim delia

— High labour costs for application. cOomandll e ha) Alle Ulee 445
— Expensive production of high quality vaccines. —lalall CalSa )
S3sall Al

YYe



s omanil) @lpla) b — Galil) Cmand bl
Basics of Vaccination in Poultry Methods of Vaccine-Application:
B Individual Applications: : 432 (uaad Clela)

— Eye drop vaccination. <Ol Jaity Guuanl) -
: => Very efficient. {eeudehe

—\‘ . daid diaiadie dddds ol 13‘( A Jas ddiSe ddlec —
é nz

=>» Highly labour intensive; use only specifie diluent.

~Wing web ,i.m & .s.c .injection gl s paadll -

N => Very efficient. Jaa Jlad
N => Highly labour intensive; use only sterile equipment and specific diluent for live vaceines.

4_\!\— e Glaadl »wuu\wju\)a‘emj‘hu&duzf

W Mass-Applications: sl Clipanil)

— Drinking water vaccination. cdll sl aladiuly Guasd —

=» Rapid, easy, very economical. salc. Jas coabiatly el 5 Jgas g g s -
=> No disinfectants; control water quality ;control water system and drinker.

i) g oluall dadail gf olpad) 53 g (B aSadl ade ¢ ypghai Y *

—Spray vaccination. S Gpeanl —

= Rapid, good immune respor Sas Lelie Alatul any g o pou ¥

=> Post vaccinal reactions possible (csp. in Mg+); use distilled water only ;large
drops for young chicken and small drops for old chicken; control correct
function of equipment.

el B usll UK 8 pen Ladi g 5 puall caSUSH 3 € Lads (dadd 5 yhde sl padiing ¢uanill aey Jxd 350 ) Allaia) ¥
Glarall Caills g (8 aaa aSa

Lab Monitoring : :laxall aSaili/ald Y
Main Tasks For Veterinary Labs (Poultry Dept) :  : & kall Jabaall dpni )l aleal)
=> Organized disease control program. ol (G aSaill 55 plasndl aSae el —
=> Early Warning System (EWS).  saall Sisoa Ji a3 ) jSae pdat/ ol Hlas —
()
Corrective Action can be taken before disease / production losses.

=>» Measuring of Vaccination Performance.

(Mc\ﬁ\} Croanil) :\A.\JL ‘CGM\ :&_\9}4) Chm o1 o8 —
(Performing Q C on Vaccine quality, Vaccine apphcatlon& Vaccination method).

=>» Diagnostic Services. Aadldn Clead —
=» Research on infections . A all (g saad) sl LYl (e Elal —



oAbl Zlaall/cilgadl aliie alal gall  — Alial
Example for Organized Monitoring Program Breeders / Layers

Age =l | Sample Aixl! Test sy
Day 1 - Transfer box paper. Jaill (3 s3ia (35 - Salmonella. 3 gallud)
- Serum. s - MG -1IBD - SE-SP/G - Al
Week 9 | - Cloacaswabs &Y s - Salmonella. Sk sallud)
- Serum . a - ND-IBV -etc
Week 16 | - Droppings. &) - Salmonella. >k el
- Serum. s - Se/St- MG —ND — Al -etc
Week 22 | - Droppings. &) - Salmonella. 3 sallsll
- Serum. s - SP/G-ND — Al - MG -etc
Week 45 | - Droppings. 3,) - Salmonella. ki sallud)
- Serum. am - Se/St- MG —ND — Al -etc
Week 62 | - Droppings. &) - Salmonella. ks gellsdl
- Serum. o - Se/St- MG —ND- Al -etc
Crpandill (1ol aldia aSal mald p — Al
Example for Organized Monitoring Program Broilers
Age el Sample 4uall Test Jlaay!
Day 1 e Jsl | - Transfer box paper. Jill §sviaG)s | - Salmonella. Sk sl
- Serum. e - MG-IBD - Al
3,53 eleii) Jid o) 3 53 | - Droppings. ¢U) - Salmonella

10 days before exit

-Marketing Age

Gl yee | - Serum. s

- ND-IBV-AI-IBD

Example for Organized Monitorin

Yl dakaia At el yy — Al

Program Slaughter house

Time 3V Sample duall Test Loy
Entrance  Jsa3 | Caecal Content Lse ¥ s sise | - Salmonella i galludll
- Campylobacter DSL shalS
Exit zsA) | Neck Skin 4d)llala | - Salmonella i salld)

Serological Monitoring : :laall asadl)
Most Important serological tests :

1- Hemagglutination Inhibition test (HI).
2- ELISA (indirect).

3- Rapid plate agglutination test) RPA).
4- Agar gel precipitation test (AGPT).

WYY

s dsan] Sy dulaal) ) LAy
el ool Jadf jlas) )
(3o8ka ) 1301 Y
ol oot Aads jlas) Y
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(Ol (piaeB) 48 pa oy uaal) aSalll ¢ ) Sie
When Conducting Serological monitoring has to know 2 basically
things -:
(bl panill 4l d Sl auda 56) HLasY) 8 48 giall daiil) 48 jee oy - )
1- Must know what result to expect prior to testing (Set Standards for
Successful Vaccination).
Axdgie ye gl o Jpeaal) Al 8 alee ong L& jme cany oY
2- Must know what action to take if results are not according expectation.
Sy Ao Ual) Aglaiudl A ) cliglall EOl iy Bale 15300 Cpmaadl) il jawdl
 Caadl)
Interpretation of vaccination results by ELISA is usually done by
evaluating the 3 main key components of immune response after
vaccination, which are:
1- Intensity of Response: : &laiuy) 314 -
4 lbizra L gla J}.\J:J\ )@.Lﬁ da «Titer L;JL\;.A\ Jalasl) .i:u.u)la :\.Ln.n\}\ C"’bb o LS
Clipaaill 15 ) 428 giall 4y jlieall Gy giusall 028 cariiiaall #El 18 il gadll 3 448
glall g sigs e 5 il ¢ il (ks Leasd (pliii 8 a5 (Baseline Titers Wle Gl Lile
\ad g u.ua;ﬁ\ ca\).d 4iaA Baselines Jes Qny S LEP‘ dA‘)QJ u.ua;ﬁ\ CALQJJJ
Agladl gkl
As indicated by the Mean Titer .
Do the birds develop sufficient titers levels that are in the expected range
for the vaccine used? These expected titers following vaccination are often
called “ Baseline Titers ’these Baseline titer values may vary according to
type of bird , age , vaccine type , vaccination program, and other factors.
Therefore, one should make their own baselines for there own vaccination
programs and local conditions.
2- Uniformity of Response :
Ay allad Gl Y
Lshall b lady Y ol s ) phll gen guast &8 da «%CV ddasl s ualy 58 LS
Omanill ¢l jal a2 9%CV A Adlad) 40ald i)
As indicated by the % CV.
Is the vaccine actually getting to the all birds or not.
The general guidelines for % CV following vaccination are as follows :

%CV Uniformity (il
Less than 30% Excellent Jlica
From 30-50 % Good 2
Greater than 50 % Need to Improve (s zlisy

VY




Persistency of Response :  : daiuy) 5 lia/dalvic)

g nal) Jalaill Jacc gl (e 2 3ad (g olad) sl Jas s dilain) Aol 53 iase 8 LS

O5S olera) Qi ape il AT uand ¢ ja) Zliad o) gl (e 48K A ol 8 il jlie
Al O giase Al (e e

As indicated by Mean Titer response over Time

Do titers persist long enough over time, or is another vaccination needed to

boost titers above minimum protective levels.

sl T Gl g/ lgadll (g bamall Jalatl) 3 gant AL

Examples of Vaccination Baselines Titers in layers or Breeders :

TestoWiaYl | Vaccine Type Mean titer range Wks after Vac. To test
clll g g Jalaill 3 gas Jaus gia ) panll day Al
e Jkasy)
NDV -Live (Lasota) 2000-8000 2-3 wks
-Inact 10000-15000 4-7 wks
BV -Live (H120) 2000-4000 3-5 wks
-Inact 6000-17000 5-7 wks
IBD -Live (intmed) 2500-7000 3-5 wks
-Inact 7000-12000 4-7 wks
Examples of Vaccination Baselines Titers in Broiler : Jaaill 3gaal i

Opandl) g A ég“\ $ Jaxal)

Test JLaay! Vaccine Type Mean titer range at 35 - 40 Suspect Titer Infection
clll g 43 D o anl) 2xy gl
g bmall ol 3 gaa Lo i Jkasyl
NDV -Live, 2x D.W 200-5000 More than 7000
-Live, 2x Spray 4000-8000 More than 10000
BV -Live, 1x (H120) 800-1500 More than 3000
-Live, 2x (H120) 2000-4000 More than 6000
-Live, 1x 2500-4500 More than 7000
IBD (intmed)
-Live, 2x 3000-6500 More than 9000
(intmed)

Microbiological Monitoring of Hatchery : : <\ dall a5 g2 9 Ssal) aSail)
s Saal) Sl g ol aSaill jaiosa geali e I A jiall ling
Hatcheries need a continuous program to monitor the microbial

populations in the hatchery.

Monitoring the hatchery at least every 6-8 weeks.

Y el AT JS Gla i) 8 oSl A8 e -

:(M:’JJ_WL\M}QBM‘QOLSA}M" A JSOAC'_IU;SQ;\;;_
Take samples from every area in the hatchery and equipments.
Some of more important area to be monitored include:

AR R4




3yaa g cuSUSH latia) Slal g basaal) 3 Gianll fas) G\JA;\ el sl GJL.AA} Jdalae -

,").ua;.d._ Al C'_I\.\’.A} ‘5_\\};4\3\ d.mf; ML.}AM. A 9 M.d“ b L1y | u;})ﬁ
Air intake & outlets, Setters, Hatchers, Air in chick holding and egg

storage room, Tray wash area, water, and vaccination equipment.
Samples Required: 4 sthall il

Swab method for counting. .=l zeual) 48y )l —
Air Samples. .¢)sell Slie —
Egg shell monitoring by rolling method. .(Lssill 48 yk) Aand) 5 508 4381
Fluff samples (Bacterial count — Salmonella).

Ok sallid) — (5 Sl aaally e 3l clie —
Stamping with plate count agar (Rodac method).. Jla¥) alasi Gula a3a —
Sterility testing for vaccine equipments. .Cpasill Cilazal adatll i)
Chicks (cull Chicks for Salmonella testing).

(b salladl sy cuSlsh 5 3 ) cusll —
Interpretation : awdil)

Swab counting method.. 3l s 48 )la —

Swab from a tow inch square area: 4z iasn ¥ (0 dabis e

Less than 10 colonie ——»Go00d. .us e 3_paxiuse Vv (e Jil —

10-30 colonie ————» Moderate . .o sic €3 jaaiaa Yo — Vo —
Above 30 colonie —»Heavy Contamination . &S & sliq jarivne Yo (o I
Interpretation : il

Air Samples Count (Salder, 1975)..s) s¢l) Slie 22e —

Bacterial Colony Count 4 58 & jaricual) 230 Score
Setters paml) (wasd oSk Rooms < aall @20 Jaad)
0-10 0-15 1- Excellent. Jliaa
11-25 16-36 2- Good. L
26-46 37-57 3- Average. b
47-66 58-76 4- Poor. s
67 or more 77 or more 5- Bad. (o

Interpretation : il
Fluff samples (Microbial counts /gram). (Magwood, 1962). <ls

(P 5534 aall) & 3))

Bacterial Colony Count 4580 &) peaial) 330 Score <81 Jawll
-25.000 Excellent Jhaa
-50.000 Good L
-100.000 Fair Lo gia/J s8a
100.000 + Poor ZES]

Interpretation:
ARK




Stamping with plate count agar (Rodac method). (Stinson and Tiwari,

1978).

Conclusion: : Glaliiiuyl

&b ol Yl s s s lal) b aSail dlad Jila gl ST Leadl) aSall g panil) iag
Ol sall

Vaccination & Laboratory Monitoring a very effective tools to control

infectious diseases in poultry .

"1



Fish Immunology e dclic

(aian ghanl) CiSia alblia ol alda dllias ) A 6Y) iy 8RN ST cha llacdy) yliad
(TCR <MHC ¢Ig
B Fish are the most primitive vertebrates to posses adaptive immune
system (lymphocytes,Ig, MHC and TCR).
e e g lavy Alaudd ‘;QUAJ\ elﬁm -%
B Fish immune system is simple and undifferentiated.

Comparison of vertebrate immune system < 8a) 2 eliall aliil) 45 \8a

‘ Kisn

Cyclostomes Elasmobranchs Teleosis Birds Mammals |
| 50 el ds s il bl
| Effects of Temperature . . . O O
| balaa ol ) . . . .
} Antibody Production O
Blaliall - . . . (Acute) . (Acute)
Allograft rejection (Chropis) (Chronic) (Acute)

Ae il 5813 ] ® . ‘ .

|
| Immunological Memory J
Z |
MLR (Mixed Leukocyte Reaction) . . . . . ‘
GMHR (Graft Versus Host Reaction
| CML (Specific Cell Mediated O ? L . .
deliall ol sasla . ;
i W 1.D IgM.Y.A IgM.G.A.D.E
Immunoglobulins O IeM xRV TgM.T E: g
MHC (Major Histocomatibility Complex O . . . .
TCR (T-Cell Receptor O [ ] @ . .

|
J

-Eodl) Gudd] il 1A 2 o)alial)
Immune Tissues and Organs : :4sUal) slac¥) g 4ol
Immunocompetent organs: : 4sUall slacy)
B  Thymus :Th, Tc-cells. The, Tc - Cells : (= sadill 22 %
B Kidney :undifferentiated blood cell. .3jma & a2 WA : oLl _*
B Spleen :lymphocytes and macrophages. A=l LA 5 & glaalll LAY 2 Jisdal)
B Liver :complement cascade. .<leléll (e Aludis Jaydii 33l alual ; 20 %
Immune system classification : e ltiall aUaill s
B Innate VS Adaptive immune response.
A yhad delie Jilie A8io/Aalilia Ao lia dulaia) -

AR



B Non-specific VS specific immune response.
Aaadia e delia Jilie Laiadia delic ddlata) -*

ey adl) b LDA il dliign i Lag Asia LA -7
Hematopoietic stem cells produce cells in blood and lymph :

T Lymphisoyie

Lywm pleoid
Etam Call

\ ‘
/ O—h- -)
ypm B Lymphocyte Plasma Cell
\ \m:mn

/ Megaka

Iyeloid
Stem Cell \\ o) —~ ®  Macrophage
g Menoeyte Adapted from Biology of

the Immune System,
‘.- Granulocytes JAMA 278

Fish Immune System lauy) b elial) aUail)
Innate/Natural Immunity &g, dawidie pf dolie dapb/dy b delia
an inherited, non-specific immunity.
Resistance  4agliall
(S 83l (s slasS 5 oanb Jals Akl A5k
mucus layer: physical and chemical barrier (bactericidal substance).
Acquired Immunity 4siSs dslia
It was stimulated by contact with the antigens. .cxai¥) ge Juai¥l 4xifiy jaaT
Adaptive immunity 4Sie/Aalilis dslia
T cells (T cell receptors and MHC)..(MHC, T L& &3ldiua) T cells -*
B cells (Immunoglobulin). .(Acltall ol o la)B cells-*
Innate immunity 4 kb 40a)1delia
B body surface (scale, mucus, etc). & ... blaall ¢ 8l conall mlas ¥

VYA



B Macrophage. (g4 Sk) 4ally LDA *
B Interferon. .0 il -*

B Inflammation. .yl -*

|

serum proteins) lection, transferrin, CRP, etc)
C &) CRP (il il 5 o pal) i g 5 %
B complement component. .JaSa () Sa ¥
Fish Immune System  &leul) & oUial) aUail)
Specific defense mechanisms 4awiia gy 48004
B Humoral immune system: Ig. Ig : —aSie/alilia elic alai—
B Cell-mediated immune system: Leukocytes. Cell-meiated el pUai —
Fish Immune System &law) 8 sUal) Uil
Nonspecific defense mechanisms dawiia & £ls ClLSila
B Behavior aspects. &S su ool g %
B Physical barrier: Skin, scales, and mucus. Aslis ¢ ;588 cala 148 58 daada (53 0 ¥
RPN :*»g.'\hd u'a\.a;\ ch ce:\j)_}j Jalas :3»..))1.4:\5 cL\\.:m\.éJ _k
B Chemical defenses :mucus, Lysozyme, Ig,Free fatty acids, C’.
B Humoral factors.dldl y cai Jal e -*
B Cellular factors. Aoda Jal e -*
Nonspecific: Behavioral aspects 4Sslu )i : davaiia 8
*Swimming behavior 4abud) & sl
B Flashing.  .cpall jacp-*
B Out of schooling. .Asw te/dsaslad & 48T _*
B Settle down on the bottom. .l & i &) _*
Nonspecific : physical barrier : : 4 3 @l : danadia H
«Epithelium barrier — &3all gl Gile
—Non-keratinized 28 S e -
~Wound healing (outside -»inside) (3 ) «—z B (0) zsoall dallas -
(mammals: inside % outside of the wound). (z sl z ) Jle—dalall (e syl
*Mucus. bl -*
—Goblet cells :response to infection, physical or. zueds s sall dlain) AwlS LA
SslaSy anh &gl
chemical irritant or pollutants.
Sl (i slalas ¢ 05 o DOSa i g g «C-reactive ¢l *



°Lysozyme, C-reactive proteins, Complement, Protease,
hemagglutinins and lipids.

Nonspecific : Humoral factors : : Aald/dSi Jal g8 ¢ duanadia pb
sAcute phase reactants. .53 dlolifa 3 ga jglia *
—C-reactive protein. .C-reactive <l -

—Ceruloplasmin. . D g —

—Transferrin. (A 5 —

Lectins and lysins. .l — cliscy *

eComplement (¢). .(C) <Skasa*

Non-specific Humoral Molecules:  :dawdial) 8 daliliall/Adgal) cilyijal

Molecule (il Composition <us Al Mode of Action 43k
it
Lectins sy Specific sugar-binding | Recognition,—s_=all — il
proteins Precipitation<is s
Ca Sy Aasi je iy » | Agglutination gl
Lytic enzymes Gl ¥ | Catalytic proteins lysozyme, | Hemolytic and
Sl etc. antibacterial activity
) gmand 8 80 il Ll alian 5 (5 ge Jalis
Transferrin/lactoferrin Glycoprotein UfissSida | Tron binding L))
R A S/ sl i e
Ceruloplasmin Acute-phase protein Copper binding L))
O o s ool da pedae/Alla | ulaally
C-reactive protein Acute-phase protein Activation of complement
C-reactive Uisn Ol ala jedae/Alla afe
Interferon Qs Protein Sl s Resistance to viral
infection
G gl (g gamll Ao 5l

Y.




Overview of the complement cascade : : <aSall 8 435,

Overview of the complement cascade : s edlasal) Ay,

Balas alusal Elscufcc anhv
Laaiiafiin
Pofhogen ‘ * - *

U s Jale O

Complement activation

3 s Classical pathway Alternative pathway [EATSEEIN

i SO e Hv"[;
i o)
alcal dina Antigen:antibody Lec‘rm bmdmg fo La yan pedaad
NN complex pathogen surfaces Pathogen surfaces .
L ]

Lo jas rdad pa o e (0380

OSSN Jsa

Recruitment of Opsonization of Killing of pathogens |
inflammatory cells pathogens (Membrare attack complex, lysis of |
‘ cells) |

G A gt e i) Sl gud

i) Al (o0 $Lid) Ayl cillall S

(LAY Pl ¢l tinal] aalgy

Nonspecific :Cellular defenses 4 sidll cleldal) ; dawdia p&

*Macrophage and mononuclear phagocytes. Agdal dy968 LA
Macrophagr WA *
sMelanin-containing cells. Oadaal) dapa e 4y giaa LA *
—absorb free radicals and reduce tissue damage.
my‘uﬂ:wdh.:}c‘);“d}ud\ Li)x;“u%*
Granulocytes
Granulocytes WA *

—Neutrophil :Phagocytosis!
—Eosinophilic granular cells (EGCs).
*Nonspecific Cytotoxic Cells (NCC)

\AR
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s Al e g Agaaall () a8 dlenl) B pliand) anll i S Al
Leukocyte responses of fish to noninfectious and infectious diseases :

Species “iiall Stressor SgaY! Total Lymphocytes
Leukocytes
Channel catfish Transport Jaill
) giall Jasal B elas * *
Rainbow trout Surgery 4=l dlle

},\i‘\)&})ﬁnﬂm

Brown trout Handling — Jslll s Jall

\
sl gy elan *
\/

Rainbow trout Pulp mill effluent ~ 4me (i3
sl Gy dlass Opadall
American eel | Cadmium a2l
S Gl 4
Goldfish 3 law Aeromonas hydrophila
Salmonid o sdle leu Gl adl o)y daal) S
gm 5l v
Infectious hematopaetic
necrosis (IHN)
\/

Nonspecific immunity :Cellular defenses:
s Ay plal) cle Byl rhaadia € Aclia
eInflammation. .\ *
—No pus formation, liquefaction..gd cxuall S5 Y —
eGranulomatous inflammation Granulomatous <Llgl) *
- Epitheloid cells, high metabolic. phagolysosomes ! e diai Ll «doda LA
activity of phagolysosomes.
—Cytoplasmic interdigitation between cells. LA de 530 gl AN —
Specific Immunity : : 4awiic dolia
*Specific response to antigenic stimulation. .Y 4uiill Laaiia Alaia) *
sLymphoid organs: :4;stialll slasy) *
—Primary : thymus kidney. .cubl€ll s (e gaiil) 322 ;40 o —
— Secondary : spleen, gut-associated and gonadal.
Apniall 233d) csaniall o small s Jlakall sy il
YYY




lymphoid tissues. .42 stialll 4y

Specific: CMI:  : CMI 4awiia

TSl a8 ol A1 i G/ s o cur A1 g 8D Jusl Lo Lty
.T-helper W& ) (MHCI i II) Al

B Relies on contact of the foreign invader with the subsequent

presentation of an antigen having the same major histocompatability
complex) MHCI or II) to T-helper cells.

B  Once T-helper cells are stimulated, the produce. e Ll

T.helper WA 4.3/ 385 o)) 3 sy *
ZBoSal) g (it planl i g gian) B gl LA Al cpa eilil) S0 gl *

B cytokines that result in stimulation of effecter cells (cytotoxic

lymphocytes) or macrophages.
Baaa ay ok UMA 95 ) gSdal) alAY) UDIAY Jadily 30 g ¥

R

B Cytokines stimulate of ore mentioned cells and also recruit new

YV VVV

cells to the area, activate them.
Specific: HMI :: HMI : 4awiia
Leukocytes: B-cell T-cell. B-cell — T-cell - sbanl) aall &) S -
Thrombocyte. bl LDA _*
Monocyte. .4l Bua g pliay 4y 8 %
Granulocytes: neutrophil, eosinophil, basophil.
Nonspecific cytotoxic cells. Aaaiia p o o gl LA ¥

dalilie Auaaiia dslia

Specific humoral immunjty

chain

jlasslal  Antibody: Ig M, Ig D
s A - Structure:
- Human Ig M = pentamer
- Teleost Ig M = tetramer

sy - Functions: T
Jalal) * Neutralization *
e ) - Precipitation I
@la gud - Opsonization
Aaa dapug el - Complement mediated reactions

A-—Bisulfid
e bond

Heavy
chain

\YY



Ig evolution |,

Fish antibody<lew) 8 3alaall alual)

*Affinity variation of Ab Ab -l 4llia s/ yis *
—Ig M -not increase affinity after booster.

Laslill/s el de ol g 30 Al IgM

Kinetics of Ab formation. Ab (s sSil 4S jaall 3 gil) *
—Long inductive phase. Sashl) g sabatl) pAY Ada e
—Temperature effects. .5l < il -

sDecreased Ab diversity. Ab g i Jli *

«Distribution. & *

VY ¢



—Serum Ab :found after infection, prophylaxis. 48sl (s gaal) 3y 3243
2l (e AB e -

—Mucosal Ab: GI, skin. sl «GI : Ab hlda slis —

—Maternal transfer of Ab: in some spp. .&)s¥)/cilial¥) a4 : AB Jii-
A 4850 580
Specific cellular immunity :  : 4awiia d4i dolia

*Delayed hypersensitivity. LBl /A Mal) Apabal) jals #

—Localized accumulation of lymphoid cells. .43 sladll UMAL s a) 5

— Later stage of chronic inflam.
(mycobacteriosis) 4ia jal) Cililgiidd 5 Alia s ja —
(mycobacteriosis).

sAllograft immunity .& sil) (udil il 3) By dslia *

—Graft rejection. .pakil) (2 —
—Infiltrate lymphoid cells to the graft. .ashill A 43 gliall) LMAL L&S Y1 q el

Caati) Gy daadiall Lo lial) Lladul) daa

Specific immune response induced
by an antigen bath

(W LSy i)

Antigen (bacterin, vaccine) /S AN

7

i/
ills Circulation : e leen, _ﬂ
i : * Antibody

. Phagocytic  Lymphocytes

s NP Y Activated (9]
0%
ah ‘).;

Yo



Conclusion of fish defenses <llaw) 4,8 g/g B g Likin)

Nonspecific defense mechanisms pawaiia ye gy 4800 anadie plhy A8xilS0
Specific defense mechanisms
glaall J Y1 Lasl) gloall ) Laal) g laall | asl)
First line of defense Second line of defense Third line of defense
Skin Ll oLl 2 LA gl L)
sl Phagocytic white blood Lymphocytes
cells
Scales | Antimicrobial proteins Antibodies
T LI A6 L)
Mucus | Inflamma tory response
dge Uil Llatiay) alkis
Pathogens

1) cell-mediated immunity. (Teells) das g/dsban g 43 914 delia ()
2) humoral antibodys system (B cells). .(B cells) 33laall alual) s dolia i (¥

YY1



(U U m) Jab
Failure (Disease and Death)

) pn) A Aty
(gt ) 5 LSRN € A
Humoral Respose
(Extracellular pathogens
and Toxins)

el Guene/dda pall Allal) ae gl sally Slanl) Alaiu)
Response of fish following an encounter with a pathogen

wasall s g Slacd) Jluad
Fish contacts pathogen

4 phadl) Acialf
<— Innate Immunity = (Rlals) a0 Y) gl
l Success (No disease or Infection)

FOPIELA a._GLLJ\ Glilaiadd cilagdal 3._.“,‘
Initiation and Instruction of the
specific immune response

|

58N (i) detiall
(+8) Al y Lelial)
Acquired Immunity
Immunologic Memory
and Protection (Survival)

Al sl LAY Aol a2
LSRN A1 G pal) pena)
(Sleag il g
Cell-Mediated Immune
Response (Intracellular
pathogens and Viruses

el A e lial) Llaial) g (a yall da glia 50 Jal oo
Factors Influencing Disease Resistance and Immune Response of Fish

General o\ Specific gawaiia
alial) — 43 Apaiall Ao Liall g 4y jhadl) da gliall & (558 31 3Y) gdas
Genetics | Individuals may exhibit differences in innate resistance and acquired
immunity.
day el 58 Al J guad <30 jadl da s
Environment | Temperature, season, photoperiod.
gl A A @ ga JAT ¢ gl g AR o olil) colyall A i
Stress | Water quality, pollution, density, handling and transport, breeding
cycles.
PR s.ayum Jalge Aelia clladia g &f Jha aladiin — Aalial) 41380 jualial) ccilsl) dpaS g As g
Nutrition Agall
Feed quality and quantity, nutrient availability, use of
immunostimulants, antinutritional factors in feeds.
da Age, species or strains, individuals. Alia 21 A Al ¢ gil) ¢ pand)
Fish
2l s 9 Sl Bk (g ¢ (s S (i) g pSaall £ 5 ¢ il il giaa
Pathogen | Exposure levels, type (parasite, bacterial, viral) virulence
1From shoemaker et al., 2001. Immunity and disease resistance in fish. In: Nutrition and fish
Health (Ed.; Lim, C., Webster, C.D.). Food Products Press, Ny. Pgs 149-162.

YYY



Immunosuppressant: : 4elia & jraa
Pesticide :Endrin, Malathion, Methyl.
w98 e 0 9iLe ) s iLdAl) Gl
bromide, Trichlorphon,DDT, Lindane, Atrazine &2l (sl «iga (8o 9lS (5 53

G984 (JSfiugs ¢V m GpuS gD ; e

Drugs: OTC, Aflatoxin B-1, Cortisol, Hydrocortisone
Immunostimulants:

s Lelia clhdia
Adjuvant: CFA, IFA.

CFA, TFA :45Y) 5ils e 3y 35 4la) o) 5

Protein: Muramyl dipeptide, Bacterial endotoxins.

Al 53 Jb L el ) sae Sl g

Drug: Levamisole. .Jswualdd ; yilic

Yitamin: Glucans, Chitin and chitosan, Vit. C, Vit. E.

E.C
(OMSsla el | Opalid Gl siad el

Odlaal) ¢ Aslial) dlad) o selud 3 ga
Immunosuppressant: Metal

Metal Parameter
assasll | Reduced chemiluminescence s st il (ye J
Aluminum
&30 | 1, | Phagocytosis Ll A ey s JIy
Arsenic
2538 | 1 Serum antibody in rainbow trout s ) dlaw b saliaall slua¥l e 3 5
Cadmium | =3
| Lymphocyte number and mitogenic response LAl axe (e Jly
s Al ALY Al ¢ 4y slaal
| Chemiluminescence (s stasSl) GBI (o Jlis
ey S | | Serum antibody in &l ¢ Sl g 3l dlay o s (8 3aliaall slual) e JIS
Chromium | brown trout carp
Copper  wai | | Serum antibody in brown trout ll &g yill o s (8 sabiaall pluay) Jig
| Chemiluminesence in rainbow (a8l s il claw 6 (5 slasSll Gl iy
trout
Lead u<ba, | | Serum antibody in brown trout i) s il a s o sliad) sluad) Jl
Mercury &£) | | Lynphocyte number in barb & sill elaw (A 4 laall LAY 220 00 JIy
Nickel JSs | Serum antibody in brown trout (sl s a e Ealiadll slual) e Ji
Zinc <} | Serum antibody in brown trout 2l sl ajau (8 83badll Al Jlay

YYA




1)
2)
3)
4)

S)

4 el i g S 5 gl ¢ Aslial) dlad) o o lad o) ga
Immunosuppressant: aromatic hydrocarbon

&g ) gy S g gl ; Asliadl alad) o sl o) ga

Immunosuppressant: aromatic hydrocarbon

Chemical agents dygas iy | Parameter

el

Phenol Jyidl | | antibody-Producing cells

Balaal ply N A LA iy

Benzidine Oeia | 1 Nonspecific agglutination

aaia) P g 3

PCB | Serum antibody

|1 Susceptibility to diseases

o ) b daal) i) (3o QM |
ol Al il e 3y |

'('Irlilgiui*rihau:d dio_x'inr(l'('Dl))oewS"ﬁ 453.‘35_ _Suppressed mitogenic response

5 Y AL LA e iy

Polynuclear aromatic hydrocarbon (PAHS)
| gl By &y e clligy 8 )8

| Macrophage activity
| Number of melanomocrophage

dadld) LA L (e gl
ALl LAY ase (e Jliy

Immune Response of Aquatic Organisms: : 4 sl dulal) sla¥) delia L)
Preliminary Concepts : : (55¥) a ggdal)

v N TSP (A .?_SAM.“ gl c.qi_uhfm A yall JSLEW & ghat
Disease problems have grown proportionally with the intensive or

expansive culture of aquaculture species
Why? bl

() o sas 8Ty (o Al 8BS 5aly 5 ()

Increased stocking densities (lower profit margins).

(5 0 Cilgeal) A yall (5 52n) Jal s (¥

Infected carriers (largely broodstock).

Y Claaall gl (F

Infected facilities (GMPs being followed).

Al 49335 (¢

Poor nutrition (we are way behind).

(abaad) Ll d e ol dpe 5 (0

Substandard water quality (traditional).
Cogob ad dagidl Cian e Auipall gl SV il

under intensive culture conditions.
The Immune Response : : 4 Uall 4jlaiuy)

g omaal) s bl 8 LDl 4uii Ay e 3ol len) s *
For fish, response to a foreign agent is rather similar to that of

mammals; shrimp, very rudimentary.

(baadic iy daadic sdiiae plual) gawddl) Adle Laawy) o ol oSa *
Ao Ul AaiuVL o jay
Response can be highly specific (a specific antibody for a specific

antigen) is known as the immune response.

YYAa

e
S Sandl £ Sy
Biggest problem: greater susceptibility via weakening of resistance



(ALl —dn — delia — duanl) 4y e 3ale ) Ao o pill aall angy oLl HUail) *
The immune system “scans” the body to identify any substance
(natural/synthetic or living/inert) that it considers foreign.
T3 e Gold Al o Spetll *
Differentiates between “self” and “non-self”.
DT A5 Hhy lee Jasis caually Baa siall elandl adll LA (e 3ae Llail e Jaall *
halS3
Works with several types of white blood cells, located throughout the
body, that work together in a highly integrated way.
Definitions : : <\ s
(0l Cranse e gliay 4 ransy Jiladl Jals (33 sl (e Jaai (5l ¢ A slaall *
resistance :any type of barrier within the host that allows it to resist the
pathogen
Al VL A ) 53 Baliaall slua ) Y A1) 0 8 a8 ) o ; Apmalall ol 4 yladll Aelial) *
innate or natural immunity :attributed to inherited ability to produce
antibodies without stimulation by antigens
i) e JlaiVl Jilall Siay/aiy ; AuiKall Aeliall *
acquired immunity :host is stimulated by contact with antigens
(lisan) g Al il g (e b3l sl aladin) JA (e i€ Akl deliall *
passive immunity: acquired through the use of antibodies from other
animals (vaccination). )
Jasill ga AT llaae dlal o3 Gl *

we will add another term today ,tolerance.

Pathogens Humoral immunity

T Matures into
plasma ceil Secretes =

— pasma o= gﬁéﬁ—» R e b
S <@ - *\s} 3 J&::j“s
2 Bcel - . PN
— - virus—G8 ;
Immune Zo
\‘.‘3 Cellular inmImunity
Response | ‘ Frrros proactve . F -
p'gre!e%r; \ . killer T cell > ¥ -
System " o @ S
el e l Virus-infected cell
- ..
4\.:\;:\..\45\ 4\..\\.;.\.;.»\]\ eU:u Hotwer T oot Co P E s
Comnbciines
- Made up of two cellular systems: and

= Bothwork by identifying antigens (foreign proteins or glycoproteins)
Lalilia 5aliae alual allai (Y) (T LWDA) Unsy LA dolia (1) romsld opmallis dllia
(bt pssda o dud clisigy) ¥ Lo Gl Jany Laadls (B LDA)

A



Letic Aslial Aladal fag

£ 1 sall 13 palaly

3alal) Aalll LAY agali

O sl AT lgadagh s

(V) G liall Llaia) aulis/Joudud

Immune Response Sequence: |

(om0 entity (e.g., virus):

dgahu o Balal) 02a
el iaY) odag are antigens.
Al Ll el Meanwhile, other viral

§ 98 ey Jai infecting nearby host
e s8I Auia ya cells.

Begins when macrophage
encounters this non-self

macrophage literally
“cats” the substance,
digests it and displays
pieces of the invader on
its surface. These pieces

particles are at work,

Source; Cancer Resoarch Institute (2002).

www.cancerresearch.org/immhowhtml.

(7) s lial) Alaiuy) @L‘a/w |
Immune Response Sequence: -

/Antigenic fragments alert a
specific type of T
lymphocyte (“helper” T) to
begin choreographed
attack of intruder.

Kelper recognizes antigen
particles and binds to the
macrophage via an antigen
receptor.

Helper T cells are unique to a
specific antigen.

A

T A ghiasdll LMAN ¢ (e Jaai il dpiasi) 51 5aY)
JJikiall Aaalga a5 8

ae by ceail) aliia e Gl Helper W55
AN s P8 (e Aadld) LAY

O Gt 3ua gl & Helper T W

i Helper T Cell

I el
A
A8 G Rl



(V) A lial) Aglaial) i/ Jualedd

[mmune Response Sequence: -

1 indi i ((IL-1) Jia AglasS 3 ga glid) Shags 4y BLIY) 13 -
This bmdmg stimulates R B
production of .(IFN — Y) Helper T LS8 asis-

. LA Al Jlaly) Jgeed 3 gall gran-
chemical substances

such as interleukin-1
(TL-1), tumor necrosis
factor (TNF) by
macrophage.

Helper T cells generates

TNF IEN-y

interleukin-2 and IL-1

gamma interferon A ‘;‘@W " Lo

(INF-Y). mn A4 &
All substances facilitate

intercellular

communication.

Astonishing Synchronization :: 234 (el 33
el A o il die ea Lyl i ¢ [L-1 U 3y 35 38 TNF *
¢  TNF steps up production of IL-1, it also causes fever in homeotherms
(Gs12) iS5 JL-1 « TNF *
e  TNF and IL-1 are cytokines (cellular). o
Helper T LA 4/ jasg 5 daelic LA adlie (685 ) ABLAVL s Loyl i TL-1 *
IL -2 ad
* IL-1 also causes fever but additionally forms immune cell clusters and
stimulates the helper T cell to release I1L-2
Aalldl Ul Ty L 5 () 8 50 Lals o 5adl T LA ddy JL-2 *
 IL-2 causes T cells to release gamma interferon which, in-turn,
activates macrophages )
e Ll AW T LA 5 g A T LA 4a s TL-2 *
* IL-2 also instructs other helper T cells and* killer” T cells to multiply.

AR



(£) Ao Uial) Apladiaay) aolid/Jaulas

Immune Response Sequence:

but other

IAs mentioned IL-2 instructs helper T°s
and “killer T"s” to multiply.
Proliferating helper t's release substances
that cause B cells (another type of
lymphocyte) to multiply and
produce antibodies.
Meanwhile, many invader cells have
been consumed by macrophages,
“daughter” viral particles
have escaped and are infecting
other cells.

aw T wa as
b B Gl g @UaiL

Aglaa Jilal) LA
ooaall Salaal aluali-
b pall B LS A
o glkey g s

che o cliaal
LA G A 51
sl

A DR el (g -
AUAN Agialll LAY
1538 ) el dualldl)

sk a
bl luall) ks
o sl
PRV BYCL AN |

(=)

(°) Ausliall Alainy

[mmune Resp

Nga ppady cielaill Helper T WG 4ayi IL-2

Z Y dielaill qaad (4 sliadll LAY Ga Al g )

BCeil

Killer T Cell g Antibody

3 & L s
~—_ g
: bid & m W!

Hedper 1 Cell
-

il i

LAY Cpe S dalldl LAY ellgiud ccdl) oudi B
Cunaly gl AGY) gl clisall oSly Ay
L AIBA g gl

=

| i/ sl
onse Sequence: -

Killer T cells start shooting
“holes” in the surface of
infected host cells.
Antibodies released by B cells
bind in a lock-and-key
fashion to antigens on the
surface of invaders that
have escaped
macrophages (Ag-Ab
complex).

_[Makes it easier for

macrophages and special
killer lumphocytes to
destroy unwelcome
entities.

Binding of antibodies with
antigens signals release of
a blood component,
complement, to puncture

virus membrane (death).

i

\ﬂvk\'\ “ & W
ﬁw “ | Aﬁ
T T complement

gl

VY'Y



(1) des Uil oty g/ Jaadass

Immune Response Sequence: ©

» : e Gaf Capal el sl oY B AdEN b
Finally, as the infection is brought T Helper T B «T WA e JAT haai ol ¢5 ks

under control, yet another type of ) L2k ALY
acall & Ay QAN gl Aeliadl LAY abiea -

T cells, the suppressor T cell, S L ey

tells B cells, helper T's and killer
T's to turn off. g Mooy
Most immune cells die, but a few M o 0.
remain in the body, celled i

memory cells. Memory T Cell
They will be able to respond more
quickly the next time the body is e Ay S Alaaay) e 5ua8 gl LDAD ok -
invaded by the same foreign AAl Balall by paaal) 938 03 455

substance.

Immune Response in Fish :: dleud) 3 4ol 4ilaia)
il gl allall U1 e Ly %Y0 (lsa Ay jlaall eyl sy caile 3 @l @lawy) Jiai
LAnlal)
Cultured finfish and shellfish account for approximately 25% of world
aquatic animal production.
Al Alal 33y N gty gl Y Ay Heax ) oy Sead) gl nay) A8 sal ) *
NEEIBEN T
With intensification comes a deterioration in culture environment, leading to
increased incidence of disease.
e 1585 a1 8 e liall el Sl Al oLl e g5 i+
Poor water quality affects the fish immune system in a negative way.
A pall (5 sanl) da sl 41 ) 1) 3 508l a Status of being immune 4elial) Allak
The status of being immune is “an inherited ability to resist infection”
(Shoemaker et al., 2000).
by el a5 SIAN 5 4l AlaiuY) e Foreign agent <ual) Jalall e i jaill *
Le., recognition of*“ non-self” or a foreign agent, with subsequent response
and memory in vertebrates.
gl o e el b Sl s sl o 05 Al W)l 1SS0 (pn e in ¥
Fish are the most primitive vertebrates, but had to develop an immune system
for protection.
s die Gmidiall (s Sl Al gl 5 e Gl 5 30 slall dllend #1450 5a ua gl oL *
RNESENT
the only exception was cold water species :due to low bacterial generation
time at lower temperatures.
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GJ\ GU&S a58)al) i) s Ul uﬂ\ dllsj Schoo]ing ?:\Ss_ﬂ\ u_'qj‘)L Caal el u:d\ Sllawy) *
Adle 3 ) ghaite dlain
those living under schooling conditions and in warm environments needed a
highly developed response.
pyams ol Ly Sy Ay i s el o o giat dlen¥) (3 L pall Slassall e *
A s i
all fish pathogens contain antigens : viral particles, bacteria, fungi, toxins and
animal parasites.
Immune response in fish includes : : b b Slawll b deliall Llain) Gaas
expansion of cells for the immune response. ain¥) dal e LA Aain) daai -
Aaclidl
J(3abaal) sl W) JUA Jaas o) @l 3all s regulatory substances expression WAL e -
expression of the cells and molecules (e.g., antibody).
the coordination of the response by regulatory substances. . Gyl
alaia 3 ga Aol g Alaiuy) ¥
(Ll ae 4558l ) Jlal A i Gl je¥) A gl g ellany) delie dul )y *
Study of fish immunity and disease resistance is relatively young compared
to mammals. )
ool Jleall i) G4 agii e S 2 Wla oSl Gl Gk e OIS Lap Jeall ¥
s gl ik 6 Canti A i g 35y 51 A pal) Jalsal
Early work was largely comparative, now focuses on understanding how
immune system responds to foreign agents or how innate resistance can be
selected for by breeding programs.

I el Alal) dga) sl ALl dllandy) Al
Response of Fish Fllowing an Encounter
with a Pathogen

Apin pal) Al Slasdl) dga) sa
Fish Contacts Pathogen

|

il delia)

/ Innate Immunity \

(Si3as o) S Sty duslia i) Tyal eyl (Andsm ALY Y (a0 Y) £l
Success (No Disease or

Fai isease a P Initiation and Instruction of the s i
Failure (Disease and Death) ni Infection)

Specific Inmune Response

e e

P X 3 i 4 E SA) Aslia dladia)
g gy A e b)) Aalilia Ao (sladl) Alaa Aelia 5,803 WApuifa Aelia Alal) Amgl) LB Aol s
(LAY z s Acquired Immunity, Immunologic (L) Jals dpms s dpan

ry, @ cti S ival Cell-Mediated Immune
Humoral Response (Extracellular Memory, and Protection (Survival) e edia

f Response (Intracellular
Pathogens and Toxins) F

Pathogens and Viruses)

VYo



Immune Tissues and Organs: : 4sliall slac¥) g daudy)
eliall sl ol (o (e padill ISH 5 Jlall 201 yiny
* Most important immunocompetent organs :thymus ,kidney (head,
trunk), spleen and liver.
Jua 20t ol cliac V) 338 A dac Lial) AasY) *
* Immune tissues in these organs not well defined (Manning, 1994).
.(helpers and killers) T 4 slaelll LIAL ) shat (s gaiill 322 *
* Thymus: develops T-lymphocytes (helpers, killers ;similar to other
vert’s) indirect evidence.
blood cell Al LA udiy deliall e BS & gl iy gl gldsl) *
: Sua differentiation
* Kidney: important in both immunity and hematopoiesis ,site of blood
cell differentiation
O A 528 Saal) Ao L) Agladinl 256 -
- Early immune response handled by entire kidney.
b Al 6 ) iy Laiy deliall Alaial 3 ale¥) o 3all (o My uinll & L) wa -
Al sal) Lnzi¥) 5 aal) s i
- With maturity ,anterior used for immune response; posterior for blood
filtration, urinary activities.
LAY Jalail (et 5 ciling@i¥) sblaca) abg (UKD A edaw o) L Gaxh *
A sl LA 5 4= L3Iadl
* Kidney (cont):
- blood flows slowly through kidney and antigens are “trapped” or
exposed to reticular cells, macrophages, lymphocytes
- Anterior is where “memory” occurs (Secombs et al., 1982).
Al LA (03655 eliall Jelil) 8 Aie Sl LS aay Al A all Jadall Jisy *
.macrophages 41l LAY 5 4, slaalll LAY e (s giag
* Spleen :secondary to kidney, involved in immune reactivity and blood
cell formation, contains lymphocytes and macrophages
o giall 3 55 um AL il S U (3 AU (i
* Liver :could be involved in production of components of the
complement cascade, important in resistance; not real clear
s e lia cl il cd cliy ja Ll AN Lpodall &) gall (e skin Aadl s Mucus Bliall *
il s sl 5 saal (AD) Lampb 33lias alua) ccomplement COWSa <lysozyme s sesd
(Ig)
e 33lme plual *
* Mucus and skin: natural barriers, has molecules with immune
actions:
- Lysozyme.
Y1



- Complement.

- Natural antibodies (Ab) and immunoglobulins (Ig).

- Specific antibodies tentatively reported in mucus of Ictalurus punctatus
(Lobb, 1987); Oncorhyncus mykiss (St. Louis-Cormier et al., 1984).

- Zilberg and Klesius, 1997) showed mucus immunoglobulin elevated in I .
punctatus after exposure to bacteria.

Natural Immunity and Disease Resistance : a)paY) dagliag Al dc Lial)
1) Non-specific immune cells : D haadia & Aelia LA (V)
_.macrophages dall LA i s Monocytes dalal LA *
B A9 dal el 8451 LA : Neutrophils 4abaie LA *
LMAN aa axily recesptor Jiiue adaiud : Natural Killer Cells dwuda 418 LA *
ALl 5 g padll doliall 8 Aals a5 pellag 5 Abagiuall
* Monocytes and tissue macrophages : most important cells in immune
response ,produce cytokines) Clem et al., 1985 ,(primary cells involved in
phagocytosis and first killing of pathogens upon first recognition and
subsequent infection (Shoemaker et al.,1997).
* Neutrophils: primary cells in early stages of inflammation) Manning,
1994 ,(neutrophils produce cytokines to recruit immune cells to damaged or
infected area ;neutrophils are phagocytic in I .Punctatus ,kill bacteria by
extracellular mechanisms
* Natural Killer cells: use receptor binding to target cells and lyse them,;
important in parasitic and viral immunity
s dalm UA uaal &léﬁ\ LSl Gy aliaa Phagocytosis dall DA ")
AUl LA (3dle ) nSseS 5l (5udlw) chemotaxis ddawl s 4S s -
) e 3l 4l daf e phagocyties
. Lectins <Ll (30 )b e Attachment JLai¥! -
(AW LAY ) Adass AS ja) el Jeladl Engulfment &35 -
(uaidie pH ¢ (s suSY) oe lsiie GLSHilSee (V) :digestion e..'a.@i\‘{ killing J= -
oS e il lSlSa (1) by s/l 5 a3 casd 5
2) Phagocytosis :most primitive of defense mechanisms, occurs in
stages
* Movement by chemotaxis (directional) or chemokinesis (non-d) of
phagocytes in response to foreign object.
* Attachment via lectins
* Engulfment of the foreign agent (simple movement into the phagocyte).
* Killing and digestion
- Oxygen-independent mechanisms: low pH ,lysozyme ,lactoferrin ,
oteolytic/hydrolytic enzymes.
AR



- Oxygen dependent mechanisms.

3) Nonspecific Humoral Molecules:

asiic pe dgas wliia (Y)

Molecule {3l Composition <5l Mode of Action it 45,k
Lectins S datiye Cilidig p CoNNfAp il g yills el
by Specific sugar-binding | Recognition ,precipitation,

proteins agglutination

Lytic enzymes
i Cilayyl

..... (a.)a})el Oigy Calyina r,.u}..ul

éJ\
Catalytic proteins lysozyme,
etc.

Lay) (LS Sl Ll
Hemolytic and antibacterial activity

Gp@ sy [ il | Glycoprotein OfigysSala Iron binding sl aa alasyl
Transferrin/lactoferrin
Ok s paes Aol dsyall (4555 | Copper binding & sy
Ceruloplasmin Acute-phase protein oslall
Ll (g Aanall Alsyall iig JaSall Loyl

C-reactive protein

Acute-phase protein

Activation of complement

Interferon (85

Protein g

A padl) (g9aall Aaslia

Resistance to viral infection

: Natural Immunity and Disease Resisteince o2l 4a glia g dsial)
Aoyl el e Jaad L Sl 8ol Gl 3 (& Lytic enzymes WA Jlas Sl 33 *
S LAY a3 e 35S sla il S a celial ) gaa il (S al £ ¢ ) Uiy
Gram - positive aloa Anal A el LS e ey Lysozyme md sod a3l *
Aoaldldl Jde JoS5 5 cbacteria
pdl ape Sl e 3ke Acute - phase proteins ds_all Als jall Gl *
g Al bosdey gl paimy WY e Jyee ceruloplasmin cpeddh g ymal
Stress a3
.C-reactive proteins (s Sl siva o Loal) L33 yigi *
Lytic enzymes are antibacterial molecules that cleave the B 1,4 linkages
n-acetyl muramic and n-acetyl glucosamine in bacterial cell walls.
Lysozyme (another enzyme) works on Gram-positive bacteria,
complement on Gram-negative.
Acute-phase proteins are serum proteins: ceruloplasmin responsible for
binding of copper, usually generated as the result of stress.
Nutrition also influences levels of C-reactive protein.
+ Adla oo oo Yo e I gl Yo e JeSall S5 0 Complement Jasal) (£)
L slsm Bl e B ke AV aul) 13gn JaSall (e La ke 5 Ay 3 Al 5 Led ligi 5 sSila
Al sl il dla
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Comp]ement "8yl Gﬂ\) e‘):h&j‘ o Colelatl) e Al Jadi 3alicadl) eLm,AY\ *
." Cascade

il g yall o L iSOl thj;ch»‘_;cjjgij\ EIRST PR FC-PEWENy PPy JeSall Jalayy *
land) 8 Gany bl S5 cclilshall

<L s immune complexes 4ueliall cilaiaall 5 (paii¥l s ja meia s taction SN *
.phagoctosis gy 5 il

4) Complement:consists of 20 or more chemically different serum
proteins + glycoproteins having enzyme function.

. originally named “complement” because it was considered a biological
substance complementing the action of antibody

. Instead, antibodies actually activate a series of reactions in serum known
as the “complement cascade.”

. interacts with either a specific antibody, or acts non-specifically on
surface molecules of bacteria, viruses and parasites; both pathways exist in
fish (Sakai, 1992)

. Action: clears antigenic molecules, immune complexes, participates in
inflammation and phagocytosis.

: Humoral Immunity in Fish &lew) 8 4lilud) 4 gaal) delial)

A all liat™ Cuatiog Sl awall

B L3 LS i (8 Al (Rndasd) doa sl dpe Ll G sla L3R B LA @llan) ellias *
il (3 g sall

e < xill RECEPTOR diine i B WAL [gM deliall (ol g gls s mdass *
Aalil o g A sldaal) auall (S s Jie pasaddl) Gl ()5S 5 GaaiY)

Acliall 3 SIa ey Slliad Cus Crustaceans <l pisll e AlauY) < Aclial) aliay *
e TgM Aeliall Gl s sl e (5 5a (s A 5Y) aiaY) 5 5 SIA dilaia (e S paiiads *
(S8l Jlad Laiia) (il pual 50 A0S

. Defined: the antibody response to foreign antigens.

. Fish posses B-cells (surface immunoglobulin-positive cells), similar to
mammals in structure.

. Surface IgM of B-cells serves as receptor for antigen recognition and is

of same specificity as the antibody molecule that will be produced
(Janeway and Travers, 1994).

. Unlike crustaceans, fish possess immunologic memory (Arkoosh and
Kaattari, 1991).
. Their primary and memory response both use the same IgM molecule,

with eight antigen binding sites, a potent activator of complement.
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: Cell - Mediated Immunity in Fish leud) & o ol 4y 5la) Ao Lial)
(L 5 g 5l 5 Ly S ;i) WDUAD) Jas duia yall sl (e alaitl] Casaiiia) *
A Caaiidld Il (g yeall &= foreign invader ol ol dia) e \AL&:\ *
I or II) Magor histcompatability Complex L o siud ansiall o) )l ddnall (puds 4
B2l T LA (MHC

La) LAl LS By il 5 i) (8 S i) (T-helper LS 4 3 e *
ALl LI ol (S 55 s 4y sliay]

dleladii s dahaiall Baa LA 2aads Bilu 35S0l LOAD Cytokines <l siwd) 445 *
LS s s Jaad

Used to eliminate intracellular pathogens (e.g., bacteria, virus,
parasites).

Relies on contact of the foreign invader with the subsequent presentation
of an antigen having the same major histocompatability complex(MHC I
or II) to T-helper cells (REM?).

Once T-helper cells are stimulated, the produce cytokines that result in
stimulation of effector cells (cytotoxic lymphocytes) or macrophages.

Cytokines stimulate aforementioned cells and also recruit new cells to
the area, activate them.

Work quite well against bacteria, important against Edwardsiella ictaluri
(Shoemaker, et al., 1999).

Aland deliall Llain) g o2 sal) 4o glia o 5 figall Jal gad)
Factors Influencing Disease Resistance and Immune Response of Fish'

General dale Specific Lzl

Genetics @lia Auigal) Ao Uially Ay il Aagliall B (5958 Alkiaal) 3)3Y) i Ly,
Individuals may exhibit differences in innate resistance and acquired
immunity

Environment 4 Bela) 58, Adud) Juad , 3iall Aao
Temperature, season, photoperiod

Stress  algay) Al afyea, Jailly Jleail) , el ABUSy gl , ddsaSy oluall As sl
Water quality, pollution, density, handling and transport, breeding cycles

Nutrition 433 b 4l salaal) Jalgall , Ayelia cfjine pladia) , Aalial) QRN jalial) , cilall 4y 4ol

ey

Feed quality and quantity, nutrient availability, use of immunostimulants,
antinutritional factors in feeds

Fish £ Akl 3B, D) o) gl , enl
Age, species or strains, individuals

Pathogen &l coall Adddg (usd s WAS, Juik ) il Al ligiua
Exposure levels, type (parasite, bacterial, viral), virulence

"From Shoemaker et al.,2001. Immunity and disease resistance in fish. In: Nutrition and Fish Health
(Ed.: Lim, C., Webster, C.D.). Food Products Press, NY. Pgs 149-162.
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Blal Ao ; Aeliad) Alatiud e 3 el Jal gal
Factors Affecting Immune Response Temperatase:
Al 51 all da ja e Ay B (G sSiaal I 5 58 4 ASaull aua 5 )l ja da 0 ¥
Bl 5 e iy n sal) Capnal) )55 ¥
e lal) Alaindl 81 zlial Led 83 5b 5 ya cila a G Gt L dlany) *
.immunoglobulins deliall il s gla #35Y 53 Ll 3laal) ellan) *
(s YA in) 33, 50 all cila a e Ay () 55 deliall Alaial *
Resting fish body temperature is near ambient.
pathogen generation time is temperature dependent.
fishes living in cold temperatures have little need for an immune
response.
coldwater fishes do not produce immunoglobulins.
immune response slower at cold temperatures (up to 28 days!).
: Factors Affecting Immune Response: age el :dsliall Llain o 3 figall Jal gal)
) gaal) 8 Lt ; oy ol Z8IS)) deLial) *
o Al a3 bl T a Y G DR (e abiaall el e iyl Juast ®
eyl 853 9 50
(p1ox Y 0)5) SSae pee e IS delia (8 ()5S A S8 455 i) ellan) *
Llee (5580 a5 pall ellan¥) sal delial (L) : paa Yl *
Immune competency develops relatively slowly in animals.
mammals obtain antibodies through mother’s milk for up to six weeks
not the case with fish.
rainbow trout are found to be immune competent at an early age (0.3g).
significance: immunization of very young fish is practical.
: Passive Immunity : Vaccination Osasill ; dulud) 4 Ual)
ALASH LA (alai g o JiE 03 5 ol iy il ¥ b 5 shaiall dueliall 3 sall alana *
sl Al LS4 e
(CCOV 3t igusSlal) Jia) oonll a5 ) ligusSUall imny 28 55
A 5l YL G Bk e Gl asti Lay ) *
ASaa S Ly o) saall cililala aia delial) LS| *
Most immunizing substances developed for fish have been bacterins.
these are killed, whole-cell suspensions of pathogenic bacteria.
some practical viral vaccines exist (e.g., for CCV).
probably will take place through injection of avirulent viral strains.
immunization against animal parasites might also eventually be possible.
: Duration of Passive Immunity 48l dsUal) o 53 5 58
Al sl pallda o e Gl adiag 98 jual b i Cld ¢ <5 "Adaall” de Lial) dlacil) *
AL abil 3 gas A sale () oS5 sl A YY) Alaiuy) *

KA



@Y bl Gldal)l e ddadlaall Ao gy JoY) Rl e aulal 4 SN g *
@l gl & Jll 8 WS Protective antibody titers 480 5l) Baliaall alua)
oY)
Typical response is of short duration
very dependent upon environmental temperature
primary response to injection is usually only a few weeks
secondary injections nine weeks after primary have resulted in
maintenance of protective antibody titers, as in higher animals
: Immune Response in Shrimp : ($¥) ¢ seall e lial) 4laiuy)
553 (e 5 claiud) 83 oLl da 525 L8 3 Gl V5 llewdl GRS Cigpne s LS ¥
s maall 8 Tan 8 ()5S ol sl g el Lie il 5 duanadiall Ca il
e SNl i L Y s Al (ol slalall g yiliall aiian Gl il Uadl) oy *
el
s el 8 Aelaal) ESASal 5ly3 B e Kpulia e il cllia 5
As mentioned, fish and shrimp differ significantly in their ability and
degree to which they carry out this response.
the capacity to recognize, expand the specific recognition, express
specific recognition, and coordinate defense is much lower in shrimp.
mistake:often drug manufacturers and scientists assume that fish and
shrimp have the same immune competency.
thus,inappropriate decisions have been made on how defense
mechanisms might be enhanced in shrimp.
: Immunoreactive Molecules of the Shrimp ¢t ¥ 2 4l Wl deUal) ciliy 3
Gl all e A e aall 138 (5 5iny 5 hemolymph s sl el (lu j¥) a3 o jay *
. Lactines <liiSdad 5 yrall daleldill deliall Gy ja 5 (Ol sa ) GpansS 52U Alla])
A i al) b Sl ¢ a e g (S + (5 ) i sSila A CESU *
Aale 4y 8 (5SS
a8 JUall i A=d 4y Sl yee 6 AV Gl jall e gl 5 (s3e g LIS 338 2T *
COSshali) ol S Jg sl (8 Sl s i we
Shrimp blood is known as hemolymph.
it contains both oxygen-carrying molecules (hemocyanin) and
immunoreactive molecules known as lectins.
lectins are glycoproteins (sugar + protein) that bind with the sugar
portion of other molecules, particularly foreign ones.
these lectins have broad specificity, meaning they will bind with a broad
range of other molecules, not just sugars.
for example, they can bind with the sugar moeity of lipopolysaccharides,
or beta-glucans.
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: Immunoreactive Molecules in Shrimp =) 8 dleliial) Lo lial) <l )
(LSO oy IS sl U g im0 8 paadll g ol pad ALl 4 il *
ol gy sSalall mdans ae (ia pall dpusall o) gall 5 il g padl) e Copatll Caray a5
Y GlailVl 13 Jlad e alany 4y SIS Gl 2 i jall sald) e Cojatl) e *
Baliadll e\.u;;\J\ & gy LS 3 o) S
* Gram negative bacteria (e.g., Vibrio sp.) and yeasts which contain beta-
glucans can be recognized by lectins.
* they also happen to recognize viruses and other infectious agents with
surface glycoproteins.
» after recognizing the foreign agent, the lectin will agglutinize it,
rendering it ineffective.
» the specificity for binding by a lectin cannot be increased as with
antibodies.
b Ll e 2 hall gy (o Gl Y (G dge liall Alain¥) Aullad 3ol 5 Baa l) 4G Hhall *
Casnaal) Jalall S35 e 5,8l Jality il Aaiiall LAY o o5 beal) oLl aars adl) s
A€ gl Gla ¥ G de Ll Al Gl Al | dpia jall (5 52l
e A Gy ) daladl e Sl pe a8 iSO (5 AY) dpalall s 3l *
Jhemocyte 4 se2 4IAS dalll) LAY o j2i (Ao DU
* The only way the immune response in shrimp can be enhanced is by
putting more lectins in the bloodstream.
* after the infection is over, the cells that produce lectins completely lack
the ability to remember the infectious agent.
* so, immune response in shrimp is not an acquired one.
» another characteristic of lectins is that once bound to a sugar on the
foreign agent, the complex is easily phagocitized.
* the phagocytic cell is known as hemocyte.
: Shrimp Hemocyte Response 4alll) 43 gaal) by ¥ USIA diladial
. hemocells 43 seall WIS o lu )Y (8 401 5¥) ¢ Laall LIS *
Allad e Jalgall Jra s WDIAD Adars o Ay all LA &30 e 5,80 Ld UDIA) s3a *
138 5 dda el (5 gall (A aSail) (o Lgd a8 (8 40 85 laa Al 5) Gl )Y plis DlSplSea ¥
Akl 86 Yy Az pall (5 oall aa Gl V) glas e bl 5,80 3 sleaV) o) i
VsV alail) (L8 13) Jams
* As mentioned, the primary defense cells in shrimp are called
hemocytes.
 certain hemocytes have the ability to phagocytize foreign cells, others to
encapsulate and render agents ineffective.
* the defense mechanisms of shrimp are thus more primitive and singular
in their ability to control infection.

VEY



* this means that stress is more likely to negatively impact shrimp
defenses against infection.
* no backup systems available when primary system fails!!
) el sl sl i Lag s S slaliay e o5 sin3 3] ) dlie plasil *
Lae myl g4 lysozyme andsend A gluy¥) Gl Lecting sl ) 8Ly *
.anti - bacterial enzyme & xSl
Ll g ydl) aa o saall Al all il 1Y *
* blocking attachment by use of drugs or diets containing beta-glucans
might prevent the binding of foreign agents.
* along with lectins, shrimp have lysozyme, an anti-bacterial enzyme.
* lipolytic enzymes against viruses.
: A Brief History of Shrimp Immunology sl dsla ¢& Jaga g
(eilal) gl i Jie) i e Sadl)y Ly Sl e o el o5
S (g sl AaY) o IS ol ey ¥
i1 5 G 5 31 YL g il o Lo LAl (e (6
s gyl e Alalaall 5l / 5 e pe i JSLE alane *
* Bacteria and fungi are dealt with by appropriate measures (e.g., similar
for most aquaculture animals).
* Most work has dealt with bacterial pathogens.
* Relatively few parasites: cuticular excretions and molting get rid of
them.
* Most problems lie with prevention and/or treatment of viruses.
s il i 4 5a3 5 A 1A Adaia) AL Ol ) *
(oS sl Hlas ¢ sSa) OUS slalinll dima i 5 50 Cuaiod *
G Osx delil ud QliSe ) ads LS aaled hemocytes daseall LAl *
browning reaceion HP-
82l alual (g Al gy *
faa M;@M&A}MQL“}J@\M&EA;%\J *
* As mentioned, shrimp have both a cellular and humoral response to
viruses:
- Certain proteins respond to B-glucan (component of bacterial cell
wall).
- Hemocytes attack bacteria, release compounds causing browning
reaction in the HP
* But... no antibodies generated!
* No defense against viruses has to date been described in any detail.
* Conclusion: there must be some defense that has been overlooked!



: Shrimp Immunology ¢l dslia
abad) g pall a5 Y aall LA cctilis s il aum deliall Adapu Ailain Sllia *
(o) Blad o (B g B paiune 58yl (5 585 (g i) Al *
e dand (gl sedas s il dpa yall Llal) aia delie Alaind 252 g 20 a2 ) ¥
L
* There is also little histological response to viruses: blood cells don’t go
to location.
* Viral infections are persistent, remain evident for life of shrimp.
* Despite having no set specific response to specific viral pathogens,
shrimp appear to have a have a high tolerance to them.
* Case in point: historical information on viral epizootics in Southeast
Asia.
ol a4 glaa Allal) daall ¢ld @l sl (SPF e anall cdlladl) 5 0y Jula *
Gy oalaYl B sball ad o Bl e Caalg saaa jilas (e i PL alana *
Ll a8y Ains (6 e )l 5 Akl e slaall 48 yae
* Our current management practice is to look for SPF, high-health
animals for stocking ponds.
* Most PL’s derived from new sources, not from survivors.
* The history of each batch is important to know!
* Implication: perhaps SPF animals are not appropriate!

: "Normal" Shrimp 2=hl (b ¥
G Glhas Gl 0o %A Gl Ll B8 Csia (A4S e Ol Ale A0 11K
Agu 5 Ay ye
o5l (e A3 5l e 5 lan Gl )Y 138 (e %0T s
il 5) o i) peaia 5y 138 5 ¢ oanhall (5 sinsall ) 3 5my GV SLall 28 e (531 Gl Y
O3S O S sl (815 Alaiall ol V) (8 Ania yo Clisss 3535 pe Laline 4 ladl) *
A i el
* If you sample a normal shrimp pond in SE Asia, 88% of shrimp are
infected with a virus.
* 53% have been infected with two to three viruses.
* Survival now (after multiple years in population) has returned to a more
or less normal level.
* Does this indicate resistance or tolerance?
* Resistance = no sign of pathogen in individual; however, virus can be
detected in tissues.
* Conclusion: something different from resistance.
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: Theory of Viral Accomodation (s« 8! il dagdla 45 a3
Akl oo Sl s il Lol 5 el At *
OS5 3 SNl g g3l mny 44580 receptor site Jiivall g sar (s padll A (e Sl *
.infection receptor ¢ sl Jiiuay A83e Al Gl a3V 12a
.apoptosis LA & ge Jil5 5 jSIA s *
el e Cland 8 (e s il) AL ey BaUA dlasy) *
A pall BaY ol Sl e sy
ddac () : Apoptosis LIAN Cise Caaad¥ (819 45 san Sy sl Al ) S3 *
Jals Aaa¥) g shall Lda g caplall skl (e ¢ JaS Lapls Gaad ) A & e
(A G5 ) g Lodie dplaall i Caaaliy | (5 gudand) (SIS
Shrimp viral response is an active process
* Involves binding of viron to receptor site that triggers some kind of
“memory”.
* Binding is not related to infection receptor.
* Memory causes reduced apoptosis.
* Subsequent binding turns off ability of virus to induce death in host.
* Death is prevented, but not infection.
* Viral replication can take place, but no death.
Apoptosis:the process of cell death which occurs naturally as part of the
normal development, maintenance and renewal of tissues within an
organism. Occurs when a virus infects a cell.
: Viral Infection is a phased process 484 dulas dau g 8l 4LaY)
busie Hsh G ogam WA G @ik oo Sl Gl ae kil Aol b o*
.Intermediate phase
Jilall (e slaadl 08 o ol 3 Jiadl g | (3580 () 523 (ST g Lae Jiladl g (g il imy 1 13 2my *
ol Gl el
A sl Jal gl Adassd 53 & yidiall aa) 1) (8 aSay s e g il aa) 55 Camaay 1 | )
Viral Infection is a Phased Process :
 Initial:brief and evolutionary with acute mortality via apoptosis, leads to
intermediate phase.
* Intermediate:virus and host live together, but without mortality; better
host survivors replicate so population is positively selected for against
virus.
* Final: hard to find virus, mutual existence governed by genetic factors.
~ : Accomodation 4adall / jugalll
) sal U LRSI 38 00 Al il ) #
AL il b ) QS = (g gaally baDl daglia Y %
kol graemid Sl il e T g Y
il Ll 5200 By s i) Acdliall 3y 35 28
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* Higher virulence is naturally selected against.
* No resistance to infection = reduced or low virulence.
* Point: no pressure on virus to become virulent.
* Point: may increase competition for new viruses to enter host!
. broodstock _lall C\.l\y Gleel jualsslball ad e ol j§@y) PRESRRR
(B g ) Janl },hd;\wqx;)wj\w}summcwuaﬂ
TS dlly U8 o) zoea ¥ die (Sedll (e § e ¥
ot deatll iay 138 ccld 5l A 8 Aaillyg cu gl S panadie ) ghale Jpead € S ¥
) Alia ) g
» Use survivors as a source of broodstock.
* Expose progeny to virus or tolerene to develop tolerance (avirulent
virus).
* When? Possibly at Zoea 3 or earlier.
* How? Tolerene developed specifically for each virus.
* Implications: for larval rearing, it means introduction of a tolerene in
proper form.

Virology Summary: dleu) Jilke ol @ clug ) diae adly Joaa b Lad
Shrimp vs. Fish

SHRIMP ¥V s ssaadl

FISH &lauy)

MM}‘)MM‘}).\GMM‘ *
No clear response to VII'uSCS

5221l e sl ) e
Survivors remain mfected
sma_all vl *
Patlﬁen pers1sts
wAY s VI Jay *
Survivors 1nfect10us tQ others
Al dlla ) o Jaal) *
Tolerance is a normal srtuatron
Baliaa a e g ple *

) No antlbodres
44.:44.59 U}SA dae Liaal) ddaial) Lg_jdaj‘ *

Multipie active infections are normal.

Balias

uu,)unwmmt*

Specific response to V1ruses
L;_;J:db ;L\AY\ iy L\l\r_ *
Survivors often don’ tremam mfected cted -
xn*

Pathogen remove from body
A g sandl (5l W ) L) Jiy *

May or may not be infectious to others
Tolerance not normal

Antlbodres
Ban sl B jal) (8 dadh a5 s 8 O 5S
Usually only one virus at a time.

oLl
resent.

Immunology : : 4sUal

* NON-SPECIFIC RESPONSES. Aawaiic je dlaiu) *

* SPECIFIC RESPONSES.
Immune System and Response :
* Immune Response.
Immune systems :

Aaadic st *

ALl Lt g el Jlgadl
ALl lpiny) * )

: deUlalf dalali/s jeal

* Parts of the system (systemic). .(.<Ua) pUaill (e &) 32l *
* Mucosal immune system. . hlise clia Sl *

: Non - specific imnmune system dawdis ;& dslia 3 j¢a)
* Very Important in fish. .<lew¥) & laa dda *

* Logical, due to aquatic environment.
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Surface Barriers in Fish : : dlaw¥) & Ladaudl 2l gal)

* Fish Skin, and Scales. .38l 5 4<aud) als *

* Mucus. Jladl *

¢ Lysosymes—act on microorganisms. A&l ieceall Sl e i
Lysosomes e sas guall) *

Phagocytosis  g3usl/ s slall algily)

Sl a5
ph&lgUSOlllC tUl'llllllg (a}ujj-_ﬁ ?A'AAJ Yﬂh

[SBeGma damage and digestion

phagocytosis lvsosome fusion Release of
microbial products

A8 Gilaiia el

(£2X)) dady LS p ol (3ha

: Body Fluid Barriers asal) Jilu &) ga

.Complement JaSs *

Transferrin (sl i *

Interferon &8 ol *

: Signaling (soluble mediators) 8 L&Y il

A bl W50 o Glifis p de sene o Bobe o (AliSle/dy kb dilata) ) Jasa *

V) b aSal)
4 pumal) Ll ast AL il a1 (g kd) " Alternatrve pathway" Jad Jbea *
4aanl|

V) A 5y Lol Al iy Ja 1 (lSS) "Classical pathway" (SpadS jlas *
. Caseade (=2 4l cuuiall ae ddasi jall/Aeailal) 3aladl)

£l LAY (g 5 LAY &l (A aadiud Gl ja e seae : Cytokines <l ghaud) *
FRIRETIEN

Complement (innate/adaptive responses):Group of serum proteins that
function in the control of inflammation.
“Alternative  pathway”  (innate):Complement molecules coat
microorganism.

Acute phase proteins.



Spontaneously activated.
“Classical pathway” (adaptive): Complement molecules activated by
antibodies bound to pathogen (cascade).
Cytokines:Group of molecules involved in signalling between cells during
immune response.

Phagocytes. 4 galy/ dall LA *
neutrophils 4alxie LA *
Natural killer cells 4pula 4liE LA *
: Immune cells (innate immunity) (4 ké dslia) 4 Uall LNAY
SCalilia) L) Ala b Liayl) 5abiaal) slual) agili pliay aa LYA
Lo e g Lelily 5 ¢ (g gaall/Ala¥) 3 ge Jaidy ey jall & SLY Leduda & o4
2 3153 Lala pliay ad LDA
B9l (883 ga ge dplad A3 LA
s dadly LA
Ja1 I algs sl sl dalal sloay aa LA
« ddaladia WA
(& . b)Y Mak ¢ gan s ) (oaia sal) sl Jla g J gl
Phagocytic Leucocytes (also involved in adaptive responses):Function to
engulf particles, including infections agents, internalize and destroy them.
Monocytes: Blood cell lineage found in circulation.
Macrophages: Monocytes which have migrated into the tissues.
Neutrophils: Ingest and lyse pathogens (lysozyme, acid hydrolases, etc).
: Specific Imnmune System gawiia &Ua alis
bl pdldl WA dauls Antigen processing o) a8 Al %
.(APC) Immunocompetent
Aala delia ¥
(413 8alias plual ) 4y ged delia *
(B- T)asdd Lo *
* Antigen processing by Immunocompetent cells (APC).
- Cellular.
- Humoral immunity.
* soluble antibody.
* Lymphocytes “T or B” cells.



: Specific responses (Adaptive immunity) (dalis dslic) Lawiia ciliaiv)
Ladie 8 doe Ja LA (e Aiie LDIAY) 338 5 A8Siall delial) colilain) oy & i 14y glial LA
Sl L
Bladl slua¥l 2l e A et B LA -
BSaladl) aslual) ZlY sacluall cailla ) (& Healed : T WA -
Ade il T 5 B LA aahindi (5 52 1 Antigen i)
e il e Capati o s i g g ; (S4a Galsmsla ) Antibody dudae aw
Specific responses (Adaptive immunity) :
Lymphocytes:Initiate adaptive immune responses (derived from stem cells
in anterior kidney of fish).
- B-cells: Responsible for producing antibody.
- T-cells: Cytotoxic functions as well as helper functions for antibody
production
Antigen: Any molecule that can be recognized by B and T cells

Antibody (Immunoglobulin):Serum proteins that recognize a specific
antigen.
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Antibodies (Immunoglobulin)
in fish
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Primary and secondary response

___ Memory

-~

Antibody

Immune response

J \\\ Memory
/" Antibody™~__
» ~—— ’

T Time——

Naturalinfection

Primary
or booster

vaccination

: Antibodies 53baal) aluwa)

Protein or Antigen o) ) g *

Structure <SS il *

: Antibody production 33baall aluwa¥) L)

Ol omsla OO (3_SIB WAL | Lumphokines S siadll ;5 jads T LOA A 5 *

elant o 3 5 ) ks e ddlida [g delial)

Lokl G debiall Glpsla ) )ty B LA el *

T - cells proliferate and release lymphokines, B (memory) cells have
different Ig receptors on cell surface that are activated.
B cells multiply, release immunoglobins in plasma.

: Immune System : Mammals vs Fish (dlew) Jilia cilyill) delia) jlga

: QL:\...I.\:.'\S\ *

[g Zelial Gl smdla oJa¥l dbygh Alea ) (525 Las Jan aie Cilpdill & Aelial) Jlea -

oslade ye s dual¥l g il

(A312) 2ana g allai g alde il 8 e Ll aUaill -

s dlay) *

Lanads Jil 53 jal 5 il o g2 4l JIS) e liall Sleall -
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Lbladl Llaiuy) aal Jimited Ig dblaie gl 55l (e 333 oo 5k elidl Hleall -
Ady e e daiadidl
. Mammals
Very advanced leading to long term protection.
- Ig isotype heterogeneity.
- Distinct mucosal and systemic (internal) immune systems.
. Fish
- More primitive — shorter duration and less specific.
- Limited Ig isotype repertoire.
- Importance of specific mucosal responses not well known.

AN (G Baliaal) abual) (uilad axe
Antibody heterogeneity between vertebrates

il i Vertebrate Ab IeM IgG/Y IgA IgD IgE
group synthesis

Gyl Mammals
Lsehall Birds

a3 Reptiles

vll

&JLL'AH Frogs/toads

Salamanders
/mewts
Ha Lungfish

i

daw  Teleost fish

Gissl Sharks/rays

-

dauw  Jawless fish

: Vaccination (saaill *

[ Sl )i lgie iy daadie pe Al dlse L ClisUll e iS *

38 dal so 5 DS 5 53

. Many vaccines have non-specific adjuvant that results in release of
interleukines/cytokines and stimulatory factors. o

: Anamestic Response 48w 4laiul

Primary response 4l 5 il *

.Cell mediated immunity (as 5) o sie 18 delia *

.Secondary Response 4z 535 dilaiul *

Yot



: Factors affecting Immune Response 4sUall dlaial e 3 figall Jal gal)
Intrinsic Fish &8l ana Jaly sliac] *

.Extrinsic factors 4 & Jal s *

: The Innate Immune System 4 kil dsUall jlga

Agiode e alilaall e 5,08 Ll UAL sasmiall i gumall CHEISH e %8A G SS)
Sliae 203 i sa 1 LOAD 30 e il A plill Aol Slea G 138 (5 e
Sliae Cladiy el A3 il s @l ydall A kil AAaiu¥l U 5 ey s Ssal
«paill 8 TLR Lilelia s« y3all 8 Toll homologeus dgliia SOl 5 L 1Sl
a8l (e Ay yhadll deliall Jlea yiiays . Transcription geedl s adaiill Aliles <l jlus addiud
Tl Grae iy el o ading W sed Ay Gaadie pe Al adlys deliall GlSalSi
Glaa) 33 Laad eldl leall 135 Surface structures invader )l <l S
JA Jeldny 5 constitutive (Sl ey < ) (udi & Sy Ao JlA Gl ja Adaud g delidll
Yl Gba gl a3 S ol e BlaS e 50l () a2 s ¢ laa sl Cdj
Al (e ) A Gaa g deliall Gl gngla Jal e 8 akall Glial) G WS e Sl ld @lany)
A hdll deLiall Hlead Jatinall cplall o 55 (3 )53 L IS

Cograll ey LB JBY) il pladll 5 by )aiB e liall g laall (bl 4y pladl) Alaiul) s
Ul e 3o el o liall s Slea ol iy elland) ) e G 150 e %€ o o)
) e ellh e gl il ol s gl 13 Jie o Aalad) pla gl mad S
Al Al ad sl b )y elpal) puas cind Sl o) e ) Gaed)
LS el G agiln 3 )00 gsoshag st drove s (ons Ll ) galo 53 jedai iy jladll
(V) (VL aatidy )5 a5 dala delic cliy (A &)L gpatostomates bl es ()
Ao lid) il sSa e L Jlal (T) e lial Slea skt (¥) il delial el dulle dbea
pll iy iy Edll (e @by il (B AL B Al Aga ey . AaSall deliall 5 4, k)
e liall 338 Jie iS) 5 | Sl delial) Lo el Gaads cund) il Ciyaill dala ; lal
.innata mechanisms 4 yhdll LSSl e b sia (e o g ey il jladl) 8 284l
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Relevant immune differences between jawed fishes and mammals

Jawed Fishes Mammals
Biotic constrictions
Temperature range -2 to 35°C 36.5 to 37.5°C
Primary environment Water Air
Metabolism Poikilothemia Homothemia
Endothermia (eg.bluefin tuna and some
External interfaces pelagic fishes) Respiratory tree

Humoral diversity
Ig isotypes

Ig gene rearrangement
Non-specific diversity

Overall Performance
Antibody affinity
Antibody response
Memory response
Affinity maturation
Low temperatures

Lymphoid organs
Haematopoietic tissue
Thymus

Lymphoid nodes
Gut-associated lymphoid

tissues

Germinal centres

Mucous skin, gills

IgM, IgD? (Teleostei)
IgM, IgX/IgR, IgW,NAR(c)
(Chondrichthyes)
IgM redox forms

Multiduster (Chondrichthyes and some
Teleostei)
Several C3 isoforms (Teleostei)

Low
Slow
Weak
Low or absent
High dependence, immunosuppressive
response
(only in poikilothemic fish)

Head kidney (Teleostei)
Epigonal and Leydig organs, meningeal
tissue,

Orbital and subcranial hematopoietic
tissue (Chondrichthyes)

In volution species-dependent, influenced
by seasonal
Changes and hormonal cycles
Absent
Not organized, lymphoid aggregates
Leydig organ and spiral valve
(Chondrichthyes)

Absent (melanomacrophage centres?)
Dendritic cells pdobably present

IgM, IgA, IgD,
IgE, IgG

Translocon
No C3 isoforms

High
Fast
Strong
High
Low dependence

Bone marrow

Involution with age
Present
Organized, Peyer
patches

Present

Yol
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lymphoid tissue

Immune structures in teleost fish
: Fish and Its Immune System SUall L jlga g 4Sadl)

: The excised phenotype <2l AJAd al) cus il

(=lEY) claw) agnathans Jie 4 gpaall GISH (0 de e de gane e B )le ASaul)
teleosteans Awedaall Sllaul (Lg\)l\ Slaw g Liall eﬂm) A g parl) Elawy) Ae sanag
slimels | 4y gea5 49 la delie cililadind L dSaud) 8 Gl ladll jaes (8 g e 9o LS
el il s el (e IS5 e liad) gl b Jatey i) iy )50 L A0S e
53 sm sal) 2 slaalll eliac V1 alina s Aelial) A 5 Aals (e CBNEAY] iany 5 il inny
il Al aUaall s il el eluls ¥l b Liad aal g6 il
2a 58 dalee 5 phagocytosis gAY oo Jswall 8 (ot )l deliall suae jiiag LB ) V)
.melanomacrophagic 3 » Y& (e dcliadlB Sy [gM Calsmsls 5SSy CpaiaV)
e alghs Y s Jie S5 A disperse organ sl gac @llanl) & GLLIST et
e (OUSY Gl ) Tl deliall ¢ o o5y JSAI A mal s o8 LS auall ) gae altial
A a1 13 el s 5 yle maflall it B AL Y o I3 e el 3
Gilpall Ji sl a2k ola elara 322 guime ey QLIS (Gl O a5 Lo 58 e B2 A
geme GAKH ) g elld N A8LaVL (o AN Clisa el s QLS 3558 <l 1A ) s
elaall 2aall Aalaial) 3 dal e 638 g0 siae &) LS Al dpapdasi cailla gl Ala
e lial) 4 ga el dpseanll LR G 5 de il

ALVl Ul ¢ DY) A 3 aaaies ) T s glialll LAY i 4 il B0y sl i
s sl @yl e el 8 Gosadill 526 sl ddinyy | B LA Aaud g saliadll
elyaall adll S ety adl ad i iy L enll o saleie] (o S e pall il
AL LAl &8 5 ddau g 45 Sidl melanomacrophagic JS) ) 4davl s erythrocytic
GlagiaeS GliatiVl agiag Ly 381l 838 5 elipsoid capillaries < il daliadll

Yov



o 33 s sall Ayl ) G lewYL deliall LA ¢ jelal adly | dl sk < yidl delia
Gl Al Ul gl alaee Y Baas Lows ) skl s ldalll Sleadl ol LS (5 a1 <y jladl)
ool e o A il e LAY e auiad il i
WA Ssas g Flasially alal) siliadl slual) Ll sole) aa ikl Jolal)
O bl il (Bly B2) B WA T Ayslaad LA ¢(T,) <lws 53 5 helper (Th)
LA A a5 ate ae ) lanY) 8 il all aal e dalldl LRSI 5 dpalal aall WA
O Al g3V WAL sl 5 Cay i€ andig Llle Zalll) LD mllaias 13g] diaadidl
Ao L A bl 5 2 )bl o S ) alana (a5l &8 sall 5 el 5 ol Al
Al /A ) UBIAN f Al i (8 S gl sl
AEA)) LSSl 5 A AL o) gall/ 33l g

Extemal barries and integumental mechanisms:
Aal) Jsa teguments  (Adel) by (s sliall) manil) Jasi i teleosts dsalaall ey
Gl A (o Ladh g A slasSll 5 408 581 dleally eV A &5 e g 488311 elaal) g aadlaall
e ol G il g il gall 5 ad suall) 5 JaSlall 5 by 5 Saall Balicaall i g 5l aa) 5353 5l
DSl gAY b el (8 Ladle s LSy g sl o adiad aghaldip agilaeS () e
A I AVl calally wdtll leall sliac)y diaagdl slall & da yeall 4
iy AUl aall LB LA 5 eliapll aall <l S UDIA Leilial (pe ) Adlial) delial
e e zloals Gosea) QY ahi Cua sane Wil A (g je mhae apilall
el s g ey bl Jol ) A8laVU Al g duiea s il S Q) cililaa
Ll Al 4y gume S @lans) Y 1 kit g Aldall Cailla gl olal L ala 50 apsilAl) Caals
Glall apilal) whans ity 4382 &y gumall CLESH £330 (o IS0 aiuse ASIRY in i
O O . Al il 520 el len SIS 0y eaa Y Fpjal Clspaall J5Y)
il 5 b g Sall saliaall Gy jall (e de gile de gana g LAl 31 il : daled) Sl 328
AN s cliSe Gl 5odle ey il Aok S5 U ) e Lilial o
Allas I (g Laa 4 Sl
5 substrate sl il daiald dalay laag 4V allas) 3 (.LQ Gile LAl ey
sl aline Llaall laiy dllaw) g5l alie Gd iy ) A8eaVl S salias 53l
oo Gl Alea lavie Ldal) sLal) land alina o) Cigyad) ey . Aall Laliy Al
e Lsina 212 3 Lalaall ) a el 1) AdleaVl | Aadlall slall @llands 45 lae Jalial) (3 5k
Sl sall Jaliing Mo a8 chuaat il 4 glasSl calbaml) Leilia) pe Sl 5 algaY) VAL (ia i)
LSl 3aliaal)
3y avall ()55 (e %+ Taa e o5& Blad) 2 (Myxinoids dials el b
O Allie LA L aaslall Jie 5 Al ol edgaDlall il gl 5 deliall (ga JSU aUail) 138
A sans) el LA 5 kil leal
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L ans LS L) ol 8 5581 <l sl 8 L il sabiaall il Canal 53
Aohdll cllaind) aal aa) e Lysozyme adssalll iinys mho¥) 838 8 s jill
lellasd 45,5l WA jasy peptidoglycan ik e s sed Mland) 8 4 jadl
Aadlll WA e (A Lay aomd) ad g O WS (apall 5 Jalie (o jsanalll 10 2 0
LSy il lSas e £ 53 o and sualll dlaiul e ld adiad s peutrophils Wa s
i Ly lasd) 6 st salll Aulaiand (5l Laa o) S5 | L) g 531 S 3 5353 s ulaiad
OB iy | alea¥) Jie AN B pkall VAl o) (6 Sl 2 sa il dasi 5 Y5 as Ao e
Gl gy " gl i Cus 3 kAl GLILY) e (A A ity Alenl) (G ad gl
. acute - phase protein "da jall dls )

i gl 534 5 iy S5 Ly J8Y) il a8 ala Gelia Jas s Lecting Sl e
G 8 Gy | LAY aay JlaiV) b Jaied )l s SIL slasy) e 506l L]
Eaal 8 bl e Ll sy 5 558 ls Jlai¥) 13 giaiy Gud (o) qlaiasd
.activation of complement JaSall Japisis Jis (5 Al delie CliSiilSia

: The comlement system Jasal) ali

gyl i pad) La¥) e ol day o liall U lea ot (5 A Y] oy i) Jie o)
& Jead OLELL) 338 5 . Specific receptors dlae C L dan g A yal) Sl
il Sy Complement <OkSa | LPS = Adas o cilivgy) 4l JSE) 3 ) pa
_(LA),}E;J A0l LAl g dnsuall L}M\) Aclic LA cliae) canliald Ll (Collectins
Db G iy L Mlan) (8 4 S all deliall cllaiul aa) Ge 5 ke JaSall alai o 52y
13 Adlaiall CEMAY) Liars 22 g cdawsiall deliall Gl gngls Hlue Ban Jaws glall ool
Lpsil) sae ddadi JIS3) ellich ASaull o) laiay) sa Jila | cilpail) ae 45 jaally #) yEY)
Cy sae Hea e ASaudl et Lain Cy soal 2l aline L clodill Laiw « C; s
s e s medaka ASaal) (B s EBGy ) sea SO A 5l el (8 Lk 5 Adalil
950 llaw) 8 ) g AU 3 Hidia (Sl ED Carp L il dlawl 5 Seabream <o) 8
A el gl Way & cplal) e ) oalllidl (S 5 @l LS Teleost Cs. Zebrafish
Glia e waell Gladia o688 ol ey Al saaall Gl Hall Adlidadl cSlall Jasal
.Polymorphic

e paldill S Ame mhaul dadlY) el S50 Loy bl s iaull el
e\;ﬂ‘}(\ ! ‘_As\ 3elaS @ Ig O ol gand ol u\ﬁ Syl o ol | Immunogens
JeSall Alaialy Bl Lad lan) & cplal) dolee add jedad Lay s, Immunogens =
o o) S Cun Lgasi 5 8 Cy sl (5,881 a5 5 sadl LLATN SIS e 5 e
bl A LDl
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The initial adaptive response : Antibodies
(Ig) deliall Gl gugla (e 480 Alile M) (<58 lisis 1 Phyla Sl e el aadind
Al g Calse 5l Cale allail daliadl 4pual) LdaiV) ae jea metazoans (= %),0 Sl
I MHC (g 59) ilaiio s (TCR) T WA C0linse s Aeliall (sl st 253 52 Chasy 5
£ N 3 el Sal 33 Jie it s L T WA B LA 5 jeniine AT mad
el o Al iy a1 3855 0 Lo 6 ppemd 6 53 6 s () sule €0+ die AisSa delin
oY) b deliall cilidgngla opoial)l il Lo di sk cuaddiul 5,AY) il b
Ol Ny dgliia Hgem T g aadiiog Las aaly o o ABEs e 45kl 33 Ciiel
e 0S) da 3 Structural organisation (Sl adaiill Aas ¢ K Ly Mgl CaSEAY)
Clang £ e A%l deliadl (o ola sased tetramer e bl sl calllyy | el )
- o Gl g opiiilatie Gl Gailulu s monomeric
AL ssbimdll La ¥ Aulsiuly dileidl Luadad) a3, W ey el ) 8
4l Jie GISSH Aladinly antibody dbcadll awall paaall jledll e leileld e
b AeeDle JB (S5 Lay <l el B2a g 2l pal) 1 oS1g | cuw il g agglutination
50SY) Gulae ) (bl 51 Jall e Jdad . Gl Rl s i (e o5 a1 il )
Alaall eu;“ L.,EJL‘..’J\ oeldall la ‘5;4)43\ sl & Jdelell redox form J) AW
osall 33 (S pre Alla 8 sladl) auall 13 el aa J85e 058 antibody titre
3 ysall U Al dga ey . Al e 0e serologically b sls w3 s & form
. titres daidia g e (uhie die Giyels ) i el 3 lS g Aol aat Lay ) AaiDlall
: Cytokines in fish dlew) 3 i giud)
e 5 sine 2t 5 L landl) 3 QB 6 Uing i 3 s Aeliall Uiy ¥ aneS S s
e & Aabiall i) oS5 teleosts Apalaall Sllan) (8 hadi aiday )0 A1 LS gl
Ay L LA ddau g 4 ) 4deay interleukin g . byl cu 58 Le 131 AL Lal)
Jie Aaliaall il gal) e gana b5 A 5 ymid) law¥) 5 dpalaal) o) L8 5 rea cilia
Boas g dpa pall (5922l ai) pe i ala Jare S gind) g | il g ) golall
Sle g Aualaill 5ozl 5 GeaWU guell cailla g e il 5 ln A5 8l ellawd 3 Lisy Jaa )
s sSI Sl A
Tumour Necrosis Factor Cuwdll o sl 588 Jale 431 a5 (S shaall (5 A) dranl) ellia
Ll o g 5ull ALiall TNF gl elld e 3 3le | cllan) (e 030 g gl (A& Liayl pantial
AUl LAl Ll g neutrophil WA 3aa e Sy Apoptosis LIAD <ge
s Aisa el delidl dpanll CllaiuYl 8 oty )50 A TNF o) o a8l | dpedal)
Ay
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: Conclusion : The Diversity affair £ s}l & 5id/ ) ¢ sz Ly

el Sleal skl fl asii b sacbud) Cia e de seaeS Alles¥l aedE s ol
Aend) delie Slea Cilia Lmny gl Gl N A8LaVU |l il _uluy) ball s i)
N bl Juw  Jded 2p3 mamalian  sophistication Aawdull (8 aaley
A ey Al A5l dall Ada g 8 aalud @ LS @llewY) (A melanomacrophagic
L, e cl )l &g sita g skl s am i diaadidl je delidl glds Glia o) 5 A
AV A danlall Gl Sall Gany a5 panaddll e i sl
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Ul (8 [alinil Guasy )l all deaall a5l Aima 350 5a Gla )a Cnd B & (e el
Boloall Gla ol o) ledaad dSad) Gl (e a8 )il 438 Al T LA Cliladial deliall (ol s sla
Immunosuppression =lie Aad) e i 3olall Ay (8 aadll (el s diasdidll
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Adad) Sl g ) 5 J s )5S g W) a3 skl

il ) 3 U aal) s il e L) paal cilan) iy (3las A3 dpald llia
el e e Y e e 230 2l e llan¥] aline 8 a1 ()5S Ly sl
Sy (M & Gas . Adleally laally A8 da sl radll oo gl (8 Ay | las 52 53n
oo Loe La¥) s (3 i g A il ol sl s adijall Slause i s lectines <l
A el Gl AY) ae S8l da jo o Higs S A8 (8485 )5l 5 Sea

osall e sl S0 pe Lt (Say aual) adasill Sale) A pea (43 il 1 e
13 5 . proinflammatory <leil¥) <lis gl Aada gl) de 4iiall jsoforms desbiiall 4y gludall
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Gl ) AV o Jalaiall Ll g ddliae cilalasl 8 ¢ sl 138 e shi Qg Lay ) 484
aSil) dad Gl 7 B il | S gl (e 8 Gyl s LS @l il 2as (Jie 8
s yad Al e sl Leay) (K1 (Blie/ ogite aUai dlaal 4 o jas il delidl jlead 4 )l
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