CHAPTER II

REVIEW OF LITERATURES

i

Pathodenesis of Salmeonellis _Eﬁggri;:“'

S.typhi , the causetive agemt of Typhoid fever , is avirulent

for mice . The p=are (LD ) of: S kyphi for

mice of all inbred iAd e i‘waz N nf is > 18° bacteria (12 -
14) . By contrast ' \&\\;:o es gastreoenteritis in
man , causes a248yp ;\\\ a in mice (call _mur:ne.
typhoid) & * Both e ;- J,;;':éﬁa 2\ { typhoid are systemic

illnesses . In mice S: typhimurium or in  humans
who ingest food or wgte - : d with S. typhi , the bacteria
: or directly penetrate the

intestinal mu gPlonization (12 4, 15

’ 4
16) . Studiesl AN mice have es igt| the foci from which
Salmonella dissﬁna S E patches of the small
xntest:ne (16, 17): The bacberaa apparently ¢€sin access to the

czrculab:oﬂ\ﬁ Wﬂﬂ ?w m ﬁﬁ;loendo’ohel ial cell

sysbtem (RES“ and rep11cate within splenic and hepatic tissues -.

SRR A T t;;::*':::

organisms . The pathogenesis of murine typhoid is illustrated in
Figure 1 (18) . It ' should be emphasized that the sequence of events
that occurs once S. typhimurium becomes systemic is the same whether

animals are inoculated orally or parenterally .



PARENTERAL INOCULATION
OF S. typhimurium

e

ORAL INOCULATION
OF S. typhimurium

SUBCUTANEOUS | | INTRAPERITONEAL
"GROWTH IN PERITONITIS
REGIONAL AND Bolte e e - |
LYMPH NODES GROWTH IN
MEDIASTINAL

LYMPH NODES

GROWTH IN

“IPEYER'S PATCHES

——-—= HEMATOGENOUS AND LYMPHATIC DISSEEJATIO N

--L1 --PRIMARY BACTEREMIA
sy SECONDARY BACTEREMIA
L] ¢

NET MULTIPLICATION = BACTERIAL

Figure 1

e (LA
- ARIAEATUL

Senaee

TFa,

KIDP\EYS

Pathogenesis of Murine Typhoid

B1ANYINY

PENETRATION
v OF

“|LaMINA PROPRIA

TERMINAL ILEUM

FECES




Virulence Factors in Salmonella

~

As iﬁ other organisms , several surface components such . as
the Vi antigen or smooth LPS increase the virulence of this pathogen
by hindering or preventing 7phagocybosis or complement mediated

= of pili or other appendages that

killing . Further , the pra:
enable +the organism :“_;,‘: ucosal surfaces will promote

colonization of the _intes t 1ncraese its virulence .

h \\? medical reserchers have
long been seeki ithough currently availshble

parenteral vacci 4) , they are not widely

used because undesip: = frequently reported ; the

development of a sa - vaccine has generally been

cons:dered the ult:mate ermore , it has been an axiom of

local 1mmun1b. simulated by the local

&

application of & ¥ anding of the route by

which orally adégnis ered

1ntest1nal 1mmune‘ stem is es ntial to an appreciation of +the

~- FUEIRENTNE NS
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Killed whole - cell vaccines for oral epplication have
been commercially availasble \for‘ et least 5@ years . They were

takia up and processed by the

introduced for practical reasons , such és ease of administration ,
lack of side - reactions , simplicity of production and absense of
any hazards. . The efficiency of these oral vaccines has s, however .,

never been demonstrated in clinical challenge studies or preoperly



controlled field trials . In'a challenge stwdy y volunteers received
"six teblets conteaining 18'° killed S. typhi . No protection was
demonstrated . When the dosage waes doubled to to 12 tablets. , an

efficacy of 38 % became evident (21) .

In the first field trial performed in a large population
. , 'né administered in three déses
of one tablet showdlvan effectiveme®S of 24 % (22) . Teking into
account the resul » : o -~ hteer studies in the seco>nd
end third trials Ao - ¥ = killed bacteria per tablet

was increased to 3 P 1a" pectively . The marginally

encouraging result g rrah . d not be confiirmed (23).

serological test available
that could predict val : q in men . Experimental work on

immunity to S wfect'ion h arried out in an animal

; model , it appears
that optimal pﬁtec » hﬁ induced by a sublethal
infection with vu‘huent bacteria &E’m only be achieved by wveccinastion

with 1weﬂaﬁﬂQﬁcﬁrﬁ§1wsﬁls’aaﬂﬁlaMy evident when

u e of admlmstratnon is used . Mu.l’c,lple of killed
vacc ? i o enge bacteri a
someﬂﬂ}qpiiae ﬂmiﬂ n:ﬁ‘pll ’ nﬂg MM t0 preveﬁt
subsequent multiplication to lethal concentration . - Only live

vaccines provide the mice with protection comparable to that induced

by a sublethal first infection with virulent bacteria .

The first oral live vaccine tested in man consisted of

streptomycin - dependent S. bxghirbacter*ia » This vaccine proved to



be safe in volunteer studiesvbub failed in its final lyophilized form
to induce clinical protection (24) . Based on the results cbtained in
the S, typhimurium mouse model ,,§,§xp§j mutant Ty 21a , which lacks
the enzyme UDP -4 - galactose - ep:merase, was developed as @&
candidste vaccine strain (3) . The main character:st:c of this

attenuated strain is that ce w 11 lipopolysaccharides , which are

responsiblé for virule ared to be essential for the

protective capacity are only synthesized
under conditions of the bacteria . This
. mechenism renders eria avirulent in spite of

e single known virulence

21 a was tested for its
stabilily 1) ] g jve oral vaccine in 155
American Volunteers . 1s ingested five to eight
doses of up to 3 - 1E£x___ eshly prepared live bacteria

without sagnxﬁ}&ant adverse rescb_ “f ite this high dosage ,

vaccine bacte were—saldam Sec ay efter veccineation
and never for lenger . Cham'e ee dqg} . Of the 958 S.typhi
isolates from coprogulture , none s howed any signs of reversion to

e e ] ) R RN e v

experamenta challenge stgpy and was shown toc be 87 % £4) i - THis
- R I N TR
in 53] X of the non - immunized control group . ﬂxev studies ,
parenteral vaccines demonstrated no protection against such & high
6hallenge dose . In addition to protecbion'égainst clinical disease ,
the Ty 21 a vaccine also stimuleted local immunity @ bhé vaccinees
excreted the virulent challenge bacteria for & shorter period of time
than the controls .

In 1978 , a controlled field trial was eventually started
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in Alexendria , Egypt , to eveluate the efficacy of orél typhoid
vaccine Ty Zi 2 in an sresa endehic for typhoid fever (25) . More than
32,000 six to seven - year - old schoo! children were involved in
this trial § half of them received three doses of veccine centaining
on average 3 x 18° live Ty 21 e orgenisms , and the remeinder three

doses of placebo . To neutr 1,, strxc acidity , 1 g of bicarbonate

was ¢given a few min c:ne .« The vaccine was well
: .ldren y the vaccine strain
was not isclated fro o

tolerated . During
imens whfch were coilected

two and seven days & .6hi1dren y &8s well as a

third group of 25,4 e same age who received

neither vaccine ' pldcebo bﬁubmxtted to the same

surveillance ., ever , as confirmed by

positive blood cul# inated group as compared

to 22 cases in the gl e : s in the non - vaccinated
¢ 3 e,

group . Three probeBle kvphoid.
— = -

culture eand (or) sero 75

etected by positive stool

it re reported in the vaccine
B :_-;_ 4'{ -

group =as compéffd to 41 cases in \g‘,ﬁ ‘ gnd 68 cases in the

non - vaccinated peesent &8 85 %  veccine

-

efficacy . These £;sults hz2t in t&g form end dosage used

“the live oral v3001ge y 21 a is » stable and effective against
e o144 ARERIHE S o o
vaccine inc orated into en%erxﬁ coatcd gelatin cap y carried

o AFCTASTI A TR TN ﬂ El

- atb leqft 3 years ., llowing the development of +he Ty 2Zla
mutent , Stocker et al (27) describnd the production of aromatic
suxotrophic strains of S.% _xp_i wh:ch were made svirulent by their
nutritional requirements § such streins , since +hey are 'of . wild. =
type antigenic character , have proved to be effective live vaccines.

Indeed these authors report thet e single intraperitoneal dose of one

of these arometic - dependent, strsins (S. typhimurium SL 3235) to
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hypersusceptible mice , proved safe and protected well against a

later challenge with a virulent S.typhimurium strain .

3. Gal E Mubtent of Salmonells typhimurium

a gal E mutant“ sbr'*aiAn' (2l g

S, typhimuriun C. whichiis he g of murine typhoid .

Gal 'S ium have a def‘ecti;le uridine
_dibhospha’c.e (UDP) " Jaet ‘_ e ' imerase , the enzyme is
responsible for the ‘ tose , thus these mutants
are unable to incogd heir lipopolysaccharide and
the organisms are " o Howe ike most rough Salmonells,

gal E mutents a immunity to mice as a

+ From Figure 2 , in the

presence of exogeno ] pose, , Ul o galactose is formed vis

sublethal infectign

dalactose - : 1 o=ip hate ; vy By - passing the defective
epimerase and smooth : ide is synthesized -(28) » The
lack of an e"’ | . normal x;r)et.abol ism of
exogenous gal =.~§f.;
1 - . phosphate Eﬁiabe, o

Germanier and F‘u,r\eri- ) have sug ted that the probectlve capacity

of the mutﬂ u Eic‘e?n% %] %%ﬂ%’] ﬂ %se 2 properties .

Thus lack of v1rulence ’c,oget.her with t,helr 1mmunogen1c1ty

coul p]a@ﬁl jwﬂﬁﬂﬁma ed ultimately
by lysis’ induc throu zation of hos g‘alac ose .

1"{! e cell as galactose -

C he @wing bacterium (28) .




UTP = Gal-I-P-
\ £ Uridyl-transferase
G.4-p  UDP -G=pyro- < UDP - galactose-
phosphorylase T LPS-transferase
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Salmonella typhimurium Resistance Genes of Inbred Mice i

Several @ experimental paéamebers inf luence whether mice
survive challenge with S.typhimurium , and these include : the
strain of S.typhimurium , the dose snd rouke of infection , and the

particular‘,stréin of mice (3@ ,31) . When mice-of different inbred

strains are inoculated e route , they exhibit doée =
dependent variable sus q%h:" ; ‘xghimurium (389,32 38) tthe
perenteral LD50 . ; mhimurium for  some strains
TR BALB/c ', CoZB i :7 T-',‘rqjé » whereaes the LD__ for
other strains . The differential
response of mic ' oh ;m,tba"rr Sherefore serve as a model for

the genetic contr ections organism and as a

probe to evaluatg 'r‘-,anﬁﬁjfmof munity to typhoid fever 5

Furthermore , recan. expression of several

'\Jﬂ ~f

distinct host genes fdetetmines S.typhimurium - inoculated
S s i

mice survive murine t9phe : and genes appear +to act ab
3 =

- o
different phases ofitHe = infect gcess . Thus , a  careful

dissection of fi .ﬁ*! e response of mice to
S. typhimurium infect e a Better undeeranding-on

the importance o 1mmunolog1ca]1y specafxc and nonspecific res:stance

e T NN S
AR AR S RS R

host enes . One of these genes , Ity , is located on chromosome 1

(3B« s88% 7, and inbred strains of mice carry either it; dominant
resiétance (Ity" ) or recessive susceptibility (lty® ) allele (33) .
A 2 nd salmonella - response gene Lpsd“,‘is a mutant allele of the
chromosome 4 LPS - response gene (37) . Mice that expresé this allele

are refractory tc the biologic effects of endotoxin (37 »38) and are
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salmonells susceptible (39) . The 3 rd gene , xid , is x - linked
(48) and confers bobh salmonelle sensitivity (41) and a B cell
functional defeot (42 y 43) on CBA/N mice and F male progeny derived

from CBA/N female parents .

whereby these genes regulate the

course of S.t ave not been delinested , most

investigators €€ - n@r@ay 8 critical role in the
early phase of “ - idns ‘procesS™ ¥ Several lines of evidence
support this » o treatment of innately
resistant Ity" hat is selectively toxic
for macrophages ' 5 :f»  imals to & salmonells -
susceptible phén Az “v — » NG Ity" mice asre unable to

‘:»bscberia in the 1liver or

spleen , wheress ! rol the replication of Salmonella
(I :
in these mart,i0::ulc>er1cit:1§&§§$?tﬂ.],_,_T brgens (30 , 32 , 33 , 35 , 36)
e ;
flect this unrestricted

Presumably , the egplgﬁ&éﬁg &7 Semice r

bacterial Oels (46) demonstrated
thet macrophag - fﬁrella better than do Ity”
macrophages .

fl ysid El NINYINT
q N8R IRURA pl V1 2 EEHAE

early repllcabxon of* S.typhimurium in splenic and hepatlo tissues
after intravenous (i.v.) or subcubtaneous (s.c.) challenge with
S.typhimurium was designated Ity (for immunity to S. typhimurium by
Plant and Glynn (47) . These investigators recogniged the existence
of Ity by the response to s.c. challenge of F § F » and backcross
generstions derived from matings of Salmonells - resistant (LR L el

S typhimurium C by s.c. route for BALB/C mice < 18) parental strains
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€331, Thay observed that résistance among these hybrid m&ce was
ccntrolled by a single , autosoma] yoBON =~ H =2 llnked gene , and‘
they called the susceptlbxlxty allele Ity and the resisbance allele'\
Ity” Plant and Glynn subsequently mapped Ity to mouse chromosome 1 by
a series of linkage studies with known chromosomal markers (35) .

They confirmed that the I was located on mouse chromosome 1

by evalustion of the pattern Sadmenella susceptibility among 48

recombinant inbred

Protective Factors Uper

The local intestine provides a

number of mechs oorgan:sms are expelled

b estinal +tract possesses

from the gut "
features of innate e they act in synergy with
those of the immuﬁe isidered in  immune mediated
protéction in the gut_:;fé; _ ndamentally important factor in

the eypresszon oR i i 8Pt |is as follow
-

M,

i, Inm_ : | m
AU %E%%% rf WEIna
AT M e

which can enter the intestine . At pH 3.@ the bactericidal effect is

complebé (48) , although the susceptibility of bacteria and viruses
to low pH varies . The‘importance 0? gastric acidity in protecting
the intestine ¢an be seen from the increased infection rates in
individuals wibkh a neutral pH (43} . In addition +o bactericidal

effects gastric pH can also reduce the antidgenicity of protein (5@)

013078
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end this is further affected by proteclytic enzymes within the small

intestine (51) .
1.2 Peristalsis

Peristalsis orobably the major factor reducing

- bacterial numbers within sme i inptestine . Or*ganismé iﬂtroduced
into the smell - e .éred by peristalsis (52) . So

probably  essential for

effective  is

‘microorganisms @Ml _intestine tc adhere +to the

epithelial tor mechenisms (863) and
inhibition of tHis affhafandd 54l powenrul, immune strstesy .
1.3
of functions within the
intestinal tract . It lubPsecat epithelial surface , protects it
from the low =gH the stomhac det 8 a medium in which

digestion and 5, RMEion , it has direct

antimicrobial ef ecLS by nsi Vepi@elial surface .. It can

entrap bacteris '(Ptﬂ and so facilitate their removal . The mucus

molecule ﬁgﬁ%ﬂﬂ%%ﬂﬁﬂ}ﬂﬁimw b fanaten

- sites for ria present on epithelial cells and +his may

“RTATSER M INg At

1.4 HNormal Microflora

The normal microflora of the small intestine
represents a stable ecosystem which appears to be able ta resist
colonization by pathogenic mi croorganisms . The most dramatic

demonstration of this comes from the observation that while normal
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mibe require an oral dose of _S_; en’c.eridi.’c;is, organisms of 1 x 1@° tQ o
cause infection , a single dose of oral streptomycin will reduce the
numbex;\ required to as few as 18 (56) . The no‘rmarl babtver\ia do this
either by Cpmpet,ing for space , or by occupying specific réceptor\
sites , or by successfully competing f‘ox“ essential nutrients . In

addition , they may render the, environment toxic to the newcomers by

altering the pH or p R‘\ 3 i + such as colicins or

volatile f‘abt'y ad 1= these direct effects the

the in%micr‘of‘lora provides will

hécterial ef ”nd so lead to the rapid

intense competition

amplify any small

A

displacement of ‘ " : \K

disadvén’oaged » evedit oSy h:ch it is discriminated

which is  selectively

against may be guite

*-"(":7_';____ Yor Troo; ‘ﬂ in in the intestinal

secretions of %’o

important role in ?mune defence of‘ mucosel surfaces . [t is secreted

through thﬂ;urﬂ 63 ﬂﬁﬂﬁoﬂﬁ&}ﬂgdﬁ associsted with the

ch% presumed to play an

mucus layer Its ef‘f‘ecbs within the intestinal lumen appear to

=N RS IRy o

antmbody - dependent cell mediated cytotox1c1_tyﬂ CADCCY - C(B9) L OF:
greabér‘ significance is the effect of IgA in interfering witﬁ ‘the
binding of mic¢roorganicsms and't:heir* products to the epiﬁhelium o AS
noted above , Such binding is assential to ensure the colenization of
microorganisms within the small intestine and it has been shown that

: secretory antibody which prevents this , adhesion results inithe



»

elimination of Ehe bacteria . Thus , [IgA eantibody against Vibrio

cholera will prevent disease by interfering with the asttachment of

the bacteria +to the intestinal wall , even - though the number of )

organisms within the lcop are not reduced (64) .

obuins

; /A gue.nt itatively the ma jor
wnants (61) selective IgA
M #Tikﬁéency (62)  and 1is often

AAIAN R

over by 1€G and

2.2 OGbther Immunod

immunoglobulin
deficienéy is
asymptomatic ag\?nctions of IgA are taken
iduals IgG is only & wminor
component of a result of passive
transduction alt it inefficiently.. events
within the intesting been sugdested that [18G may
in these circumstanc irture of its more active Fc

region end in particulab—complen activation may cause damage to

_ A T
the epithelial barr 1 vivo itrg- evidence suggests that

although IgG VH.E’AI———--—--'—_-“” bion of its Vspecif‘ic

)
e

antigen across n ep s afBorption of non - cross

reading by - sban}er antzgen is 1ncreased (66 , 67) . Other effects

i LA TN lﬁl’ﬁli”ii;igiiffi;;
TARTAY ATERITYEN Y

IsM is the major secretory 1mmunoglobulln of young
animals (88) . IgA deficient individuals (7@) and durlng the early
secretory immune response (71) . Direct evidence Forv its effigacy
within the small intestine is limited but can be inferred from
experiments in which the in vivo effects of IgA , [gG and IgM were

compared , where all three immuncglcbulins were found to be equally

18
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effective against cholera using the infant mouse gut as an

experimental model 72) .

2.3 Cell Mediated Immmity (CMI)

Little is k the functions of cell mediated

immunity (CMI) in tract . Delayed type
hypersensitivity (DT observed in the intestine
(73 , 74) and evic ine activaeted macrophages
may contribute t llosis and Listeriosis
(75) . :Cykdtoxi of importance in the
intestine . Cytot natural killer (NK) and
killer (K) cells h mong the £ntraepithelial
lymphocyte and 1 bria (76) and preliminary
evidence suggests s may be - implicated in
defense ageinst sever ing S.typhimurium in mice
(77) . While it is too.Eg:-.

results , it as,imhume that

the significance of these

ribute significantly

to mucosal prote

The Immune Response Oral Immmi

ﬂ‘lJEJ’W]EJW‘ﬁWEJ’]ﬂ‘ﬁ

Oral immunization ‘has been roposed a method of

@R R ITU N R 48] s s

ffereht reasons have been advanced to justify this approach .

Besredka (78) - suggested thst only by copying a disease will the
disease be overcome and this epproach not only inspired the early
studied but also led to the sucessful development of the orel polio
veccine . The discovery of the mucosal immune system and an
apperciation of its importance in enteric disease s however , laid a

more rational fremework which extended this earlier intuitive
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approach &nd it is now clear that only by the efficient stimulatior;'
of mucosal immunibty will enteric disease controlled through

vaccination .

Oral immunization is not new . Indeed accordi ng to Rasetting

(79) it was practised by ient. Egyptians , but its history
really started with th' “ #

/ ka In experiments and field
49713 organisms , Besredka

(78) showed that a S1gnics nt. degree.af — otection could be achieved

ol

trials 1nvolv1ng‘ bo H lla

through the feedi 18

i
Gut d %is8ue (GALT) consists of
discrete lymphoid 'a e a@’e 7 intestinal and are known
-‘I E 5
Peyer® s patches , aj -@ etylof lymphoid cells dispersed -

thr;oug‘hout' the lami_na pr\ e ends helial layer . Purely physical
considerations e ' ory of an immune response
is most likely qt;{—_ he : e a because the physical
separation of Cg is 5 Pher 1in mhe lamina propria and
epitheli ium would ?ake the vario cel lular interactions +that are

necessary. ﬁuﬁq&ﬂ;ﬁ tﬁﬁ wﬁlq ﬂc‘j than in Peyer' s

patches whe cells ar‘e in close con’oaet + Support for the

s
AN WAy, - -
induct 1 sp propert ies of Peyer’ s

_patcns.{s + The first of these is the dome epithelium (Figure 3) which

covers the luminal sﬁrf‘ace of the Peyer’ s patch . Specialised cells
present in this dome epithelium , called MyCells y» have been shown to
pinocytose luminal msterials and transport themr to the lymphoid cells
of the Peyer’ s patch (8@) . Peyer’' s patches can thus be viewed as

specialised antigen sampling sites along the inbtestine . A second
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special feature of the Payer' s patch is that it appears to represent
a major site for the induction of IgA responses (81) , and it 13 well
known that the immunization Wthh follows an antigen exposure via the

intestine is proferential for the IgA class .

The induction

immune respense in  GALT presumably

involves & szeries of tions . There is a potential

regulatory step whi ese cellular events in the
Peyer’ s patch , ne ke of —au':en into the patch vie M

cells . (Figsure 4)

is replete with lymphoid
resﬁonse to prevent the
antigens . Lymphocytes and
macrophages are present

mES _,.rl'

patches of the &ms ‘or de population of cells in
' L - - ’

as aggregates in the Peyer’ s

tine ,-where they co -
c plasgg‘cells + The Peyer® s

patches which argrformed by gro of lymphoid follicled are also

s 4 1A ST Foir et

humans: 1nc ses distally From a few. ?0111cles to more than 9@@ in

the Wj aeﬂanﬁ nﬁﬂ?ﬂﬂfﬁrﬁsﬂ in bacterial
concen e ra 5 Patches of roughly uniform size

occur throughout the small intestine and usually consist of 3 to o

the lamina propkia
exist with immqﬁ}g]o--

fellicles (83) . In mice » Peyer' s patches appear as white bulges on
the serosal surface . The sctive follicles Formx hounds B 7push§ng
3side the wville and projeéting in to the lumen (Figure 3} . In

Balb/c mice , follicles are large and round with rapidly replicating

lymphocytes ., Scme mouse strains , such as 57 s have smaller |,
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flatter follicles with a less activé lymphocyte populstion .

Owen (84) giveS’thg following descripbion af Peyer’s

patches in mice . The suvfacé of the Peyer® s patch follicle consists

¢

of colummar cells » covered by c}osely knit microvilli and

intervening M cells whose 2s are roughened and irregular . The

M cell provides a red articles , and large molecules

and the membrane - f cell cytoplasm facilitates
the approach of ~.(main1y T receaa el and

macrophages‘bo'th

ported by M cells from the
lumen , by vesi 5 F 'ﬂ L] s pa ot cells surrounding the
migrating lymphogytdf £80) 4 Beheat ‘dome epithelium is an area

populated largely hocytes (85) which seem to

‘be in constant tragei ﬂg@ﬂ- »he epithelium and into the

lymphatics . mf’r =

e

L
= -
-“’ the <derminal centers

consisting Iarge!g af

=
-

d ma _opha& containing cellular and
non cellular debris CRE) bermz 1 centers lie deeper in the patch

tissues ﬂ%ﬂq ﬁﬁ%{]%w:ﬂ'}ﬂc‘i of the patches are

’W’l@\m‘iﬂg m l!mﬁﬂ

Because mabrophagés play sﬁch a central role in the
induction of the immune response , cne would presume that Peyer' =
patch macrophades must nlay an  important role in énberic
immunization . This has mede particularly puzzling the observations

in wvitro experiments that murine Peyer® s patch macrophages are




functionally deficient (88 ,89) elthbugh. they are evident in

histology sections of Peyer® s patches (90 »91) . Some recent work

may provide an explanstion . Functional -macrophages can be
demonstrated in murine Peyer’ s patch in vitro but they are not

recovered by the conventional technique of teasing the Pevenr =

patches apart . When murine Bes s patches were dissocisted with =

the cells were macrophadges an
ing and phagocytosis of latex
beads (823 . ‘ endeﬁt functions , such as
non. = ‘specific mié " ‘ '> :‘* biproliferation and mitogen

induced immunogloh demonstrated in Peyer® s

patch cells rdCo - bl sy Sreetment . Peyer’ s patch

macreophages ars : =N A SBLt™ME specific antigen to

antigen primed T nes macrophages released by

collagenase treatmah Een after being pulsed in

vitro or alternative e ed in vivo by intradgastric
feeding of the i .’ : { Eefore sacrifice . Functionai
macrophases these experiments if
Peyer® s pat f : J az had been done in
previocus  work ‘m'he, 1T nﬂ murine Peyver' s patch
macrophages are \?éJ capab}e of or esenbxnc antigen but that they are
more mﬂlﬂiﬁﬁi?ﬂ ﬁ%ﬁ% ﬁqﬂﬁmﬁrnmﬂ in. other
lymphaoid &1 e such as the sp een .-

WA PPl NYIRY. ...

Dhagocytoszs wes demonstrated by Qwen (94) . His studies in mice with
Giardia infecticn (as a model of gut immunity) showed that

macrophages apparently function within end below Lhe intsstinsl

vt

epithelium by nhagocytizing dying oeils . particles and

=1 o &1

follicies where the untake

.3,
il
»
«
!
i
=
B
=1
2,

microordganisms especialls in %

L2

i

of luminal organisms is enhancsd . Macrophages entering as extending
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pseudopods into follicle epithelium supplement lymphocytes in taking

up macromolecules,transported from the lumgn by M_cells 2

1.3 Antigen Uptake by GALT

appears to resuit from Gthe

Particulate jlingnsport

functioning of a8 syst Ch| gt des controlled contact between
luminal Ags and immEno #treive cells . The process ,
(8¢ ,95 - 97) , ap g y ﬂ}“:; ace by the routing of material
from the intestinas

c@plasm of special epithelial

cells . Owen a@) ot horseradish peroxidese

by " membranous (3 £3 j yer: xk at.ch epithelium cof mice.
M cells had irregufan -'i j ¥ attenuated cytoplasm and
prominent. apical v - horseradish peroxidase =
few minubes after ol 1is substance intc the lumen
of the mouse intestine enfolded lymphocytes which were

1y a thin margin of M

often seperated fn ; oy O
'.'-—

-
e - -
cell cytoplas ‘ﬂ- trdduction , horsersdish

: - :
deent cercel Llar spaces and was Ddeing

peroxidase wes p §

plnocytosed by Pnﬁo ied lymphocy Ess . Besides , Joel st al (98) have

described ﬂ%g ’J ‘Hsﬂ«%j Wﬁ’}ﬂe‘im the Peyer's patch

epxbhelﬁum mice given pnr iculate CQPbon by gavage A

amaﬂﬂimummmaﬂ
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Darkly steined cytoplasm of a Mouse M cell (M) streched
between two microvillus - covered columnar cells (c)
like a membrane seperatiﬁg wandering lymphocyte (L) and
a8 macrophage (MAC) from the lumen above . Vesicles
(arrows) are transporting exo®enocusly administered
horse - radish peroxidase f{rom lumen to enfolded

lymphoid cells .
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2. Antibody Responses Following Oral Immunization

Studies in which mice have been orally immunized with

S.typhimurium (99) or Escherichia coli (10@) have all shown there is

a2 close relationship between the amount of antigen fed and the

magnitude of antibody elicit with the greatest response requiring

very large closes of a ly , following the injection of

bacterial suspensio tches of rats the amount aof
biliary IgA antibady _ Bemiiependent upon dose (181 .
However , whilst it R siblBto. stimulete the product.ion

N

HeE npossible to compare , by

-

of IgA antibodie pigs (1862) and calves
(123) by feeding de:
making use of tha inm ’.;-- <Y { Ret. ! thexists between the gub and
mammary gland (184 ind dead E.coli antiééns .
Such investigations jhs g -. L Lhe A response in both milk and
fut secret,ions to E.g - and delayed in sows fed heat
killed orgenism (185) comps 3 se fed live bacteria . Further ,

it has been shown in ordér d 3 secretory detectable

el

by sez‘oiogical 51" 8 dose sufficiently

large to promote ﬁlt: e

Interestingly , wiul:.t, rabbits mmun17er1' by feeding 18" live

Shigells cﬂzﬁﬂﬂ}%ﬁéﬁﬁw Hl}ﬂ?ood secretory Igh

ant ibody res@pnse when chal]er'g‘ed o days later (1@7) those fed with

< ﬁW‘I“&WTI’TﬂIﬂW‘] TRy

3, Cell Mediated Immune Response Fol lowing Oral

The gact is required (186) .

Immunizat ion

Much of +the work of characterizing the mucosal immune
system and developing oral vaccines has focussed on +he humoral

immune system . However » it is clear that cell mediabed immune
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mechanisms may also be acti?ated and a variety of parameters 'have
bzen measured following oral presentation of parasites 3 e.g.
Sohistosoma_maﬁsogi in rats (123} ahd Giardia in mice (139 . Besides
A direct in vitro test measuring> the antibacterial activity of
lymphocytes from GALT hes previously been employed to teéb

successfully cell - mediates

nity in mice sgainst S.typhimurium
L7 AR 1 G T )

Macrophage Funchions art imiprobial, Defense

i.

1w0st  mechanism ifor the

elimination of m@e function of monocytes

which in the tissue ‘1A  3 ; ' 7 rophages . The "menccytes/

macrophages lineagef ; 51 -’ : hehmopoietic tissue , in aduld

mammalian organisms méi ‘é marrow (113) . Mechanisms of

phagocytosis ahe iwtrated’ #7114 stbachment  of
P e

microcrganisms L Ehe  p

B i by Fo and edb

receptors  on tiﬂ Dhagoes ¥ . g T 2% bind. " first. bo ths

i

microorganism and.@nen to the pha cyte » Or the antibody may bind

first to ﬁﬁrﬁ:ﬂtﬂ&kﬂﬁﬂ%”}rﬁﬁjuc antibedy , and

3

then to Jh microorgamism . Cytophxl;c ant ibody maJ be 1gG or IgM |,

- :mmm ke (N1

by the Clacbes or alternate pathways . Such C(C3b = coated
microordganisms are then bouﬁd to the phagocyte at the C3b receptor .
The attached microorganism is bﬁen surroﬁnded by pseudopodia of -fhe
phagocyte and indested . The pesulbant vesicle or nphagosome fuses

withh a lysosomal vesicle o form = phagolysocome . Within +this

strucbture , the microorganism is destroyed by oxygen -~ independent
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and oxygen - dependent mechenisms . The later depend very heavily on

the generation of intracellular peroxide .

AueIneningns
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2. Activetion of Macropheges

The term " activated macrophage " was first introdnced by
Mackaness in the 1960° s to describe the enhanced microbicidal

activity of macrophadges from snimels undergoing a cell - mediated

immune response to intrace ,k athogens . The investigations of'

Lurie (115) concerni provided the first direct

.demonstration thab‘hm téed from veccinated animals
| — . TT—

infected with t spley an enhanced capacity

for inhibiting . bacteria . This type of
immunity has be ) be AV N its expression (116) y
since macrophage ; - | y against =a particular
of unrelated

acquisition of these

mechanisms depends specific T cell - mediasted

immune response (1 JL;f'?' ous reports have further
g —
established that macqgéﬁ§§§53 ivated by antigen - stimulated

secretion products or

Wﬁﬂ

As alreedg ment ione above y activ bed ‘macrophages

‘““'ﬂ“ﬁ’?ﬁﬂ%ﬁﬂﬁfﬂ%ﬂ lin ’%%‘]{l SE VIR

such fs Brucells asbortus (121) » Salmonells typhi (122) , Listeria
monocytogenes (123) , C-uﬁfﬂ

same agents activete norrm

i:cterium parvum (124) or BCG (125) . The

1 mecrophsges in vitro , provided
sensitized lymphocytes are present . Indeed y the effector function
of activated macrophages is nonspecific , though greater resistance
is obtained with the original infecting agent (126) . However , its

generation requires a specific contact between antigen and T cell ,
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resulting in the secretion of soluble factors , or lymphokines . They
modulate the physilolgy of macrophages , as first demonstrated by the
inhibition of mecrophage migretion from capillary tubes (127) . The
factor inducing this mecrophage activation : MAF ( Macrophage
Activating Factor ) has been partislly purified (128) end although

its identity with MIF (M:gr Inhibitory Factor) has been claimed

ycessf‘ul ly siperated these two

phage activation without

: » They include bacterial
endotoxin (131) angl TRRT double stranded RNA (132) as
well as pyren c vol } ) | Jeen proposed that the action
of these molec f‘,' i y interferon (132) or
- components of comp ‘ A' ! ‘ cytotoxicity can also be

induced by immunoglo B0 lexes (131) .

ybosis , &tachment of particulate
mather , especaal.ky 1croor~gsm yto the macrophage surface does

= et AP EBTN IR Gor comomraim . e

two process are ,theref‘or% s DO necessamly lanked to each other
TR IR R -
sur‘f‘aqf is commoﬂ?mt to be medieted by surface receptors .
Fibronectin has been termed a " molecular glue " and may , as well as
heparin , be instrumental in sttaching small particles to the
pheg‘ocyt,e.surf‘ace (136) . Lectins also exhibit opsonizing properties
(137) . Probably much more important are C3b - receptors since C3 is
produced by ‘ macrophages and can be activated directly via the

alternative pathway by a variety of microorganisms (138’ .
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Theoretically , this should enable macrophages to attach C3bh - coabed

n

1

bacteria +to their surface in the ahsence of a .peci?ié immune
response . Of even greater importance than C3b - receptors are Fo -
receptors which seem to be distinct for different Ig classes and
subclasses (138) . Particles coyered by immune complexes alsoc atbach

te Fc - receptors of macrophag

to the phagocyte = g - ratlune and energy - dependent
is thought to require
bhe site of particle

addition , & reserve cf

*h

membrane components ; . : sblel . be it ( with bhe help 6
the ' = via ﬁew synthesis of
phospholipids membrane Vfoids G 7 )
Phagocytosis i sol/gel propertigs of

conbractile T mbrane protrusions to

B

U
ANTRI

hat o, — dependent bsctericidal mechanisms are more efficient bthan

|

)

{

those that occur in Lhe absence of oxygen . In fact  the killing
capacity of phagocytes correlabes in many model systems with +the
magnitude of the respiracory burst Lhat is elicited . It involves =sn

enhanced catabolism of slucose via the nent

fall
(1
Iy
us
g
-
o
o
@
o
G
et
o

activation of oxidases , in marticular MADFH - oxidase , and — to a



lesser extent - glutathione peroxidase and reductase . {ntermediate

=2

products of oxygen reduction comprise superoxide znicons 2 A el

hydrogen peroxide (H2 O2 ), hydroxyl radicals (OH;) and singlet

34

oxysgert " (o ¥ « THese highl& reactive agents are toxic to' all cells

(1423, Macrophages can be primed for an enhanced respirstory burst by

‘prior exposure Lo protealyt i enzyme (143) . It remains to he

examined if macrophages S8 JLicedre lease of such enzymes , may be

able +to improve ecadhme her Rl o pacity . In view of the

highly toxic oxygen™e Jabives prog iuring a respiratory burst , -

the question arsesz a grotect themselves against
H s

these offending ag; }HH“W;~ probably dgenersted in

high concentrat Tong o 7~;’ ) Cnpegtnents of the oytoplasm

2.5, Gthe phagdocgt 2 i) ‘ “ * Hx‘ Bre released into  the
= . ry y

extracellular spa ; 3 »’ emembered in this context that

the NADPH - nxidas-_a‘aiéﬁ Sy :* e ane - bound enzyme . In

addition , Hz O_‘3 is cg . - atallese which is present in mast

o

Ric @cid y wvitamin E  and  the

0

ells ., Antioxidants

oy

Fiutathione rede “rom damaging  sffecks

R 1

4
U

-
2xerted hy o‘t;he.
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