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.Á.NTIBACTERIÂL MECHANISMS IN TTTE TNTESTTNE ÂGAÏNS1'

VTBRIO CIIOI,ERAE

.âBSTRÄO'T

The ultÊIsecif i.c def e:rrce mecha.nj sr¡ls o¡rerating in the gastro*

intes-Lina.l- tract of nl-lee atIai-nst V. chol-erae and the

effect; of atttlbody on the.se have been analyzed usirrg j.n

vivc¡ arrrl i.n v|tro models. In acìult mice or:aJ.J-y j-rrocul¿eted
17n

vi.alrl¡-e P -'^-lat¡e1l-e d V. chr:1e¡ra re J6)fl crga.nistns 1{ere

rapicl-ì..y rcdttced i.n v' j-abi1.i ty . "f'he pâ,f a"rÉ?€ bers l"nvo lvecl in

the t'1. j mdnatlon of thr¡ bacterj.a Brere kil-l-ing by gas trf,c

¡rcicl , n?Êcha¡rical- r-etnc.rv¿rl, by ¡reri-s talsir¡ and ki. 11trng i-rr

th.e srnal-1. ¡urcl J.ar¿;c,: i-n'Les t;iyle. Irrhi-bi.ticn ol' cne oI' IIIoI'e

of these pal:arileter"s 1:r1' clieÍ'el:cnt treertrnc-nts clelayecÌ or

prcr"o¡terl tlrr: el.inrlrlatlon cf the 1j-r¡c ar:¿çirnisr¡ìsj. Iì.esult.'¡

in ster¡-.vescl alri.mal.s su€!Éïe€ì-Led tlrat sectretory ilrocessos i.n

the s¡nal-I irttest j.ne cor-r.trj btitecl to the ki.11ir;g of tire

organisrns. These three meclt¿r-nislns a-Iso opera ted to

diff erent degreies agai-ns t oti¡el gralll-ncgative orsarrisr$,s.

mice the oral ínocult¡-m ofIn lnfnut

rernov'ecl to

been found-

effioiency of

In tb e irntnune

srorne degr:ee bY the $attle

live organi.sms 'warì

uiec.hanisrns a{s havc

-rn adul.t n¡ice. A.ntjbodf incre¿rsed the

thr:,.; e eIi.rninati-orl mechanis¡le ccJT1r,i-cIeraì:ly.

a-nirnaLs a mo¡-."e i:'apicl tnee:hariic¿rl- renlo\'r'aI- af



the organisms

in addition,

1ii.

from the small lntestlne occurred and,

the bacteria t{@re k11l-ed more eff i-clently.

The bactericidal mecl-ranlsms found ín t}'e snall intesti.ne

vivo has further beenrnl-ce 1nof adult ancl infant

analyzed using the lntestinal loop tnodel 1n adult ntice.

The r<¡sul-t,s su&ges ted tltat V. cho,l-er'¿re !i69Tl and otlrer

ßrarn-rlegatl-ve organisms tc¡ .e one extent , which are

attached to th.e mucosaL sut'face, rcere rapi"dly l*i1l-ed

by orle or mo¡:o substances secre'ted Ï¡y epithcl 1.j.al ce11s.

This nlechani-su opera.ted also in germ*flree arri.tfl¿ll.s a-nd

seernrld tlre;:ef ore to Ì:e irirlepq¿nclen'b f r:om a rrorm¿rl f l-ora "

Antibo rly ha.d no prcmôti:rg ef f ect on this 1< j-1-ting niecÌ:a.trisn¡.

'fhe furnr:tíon of ant j.Lr¿rcterial ¿rrlti bcrdy i.n i.mtnuni.tl' tcr

choJ-cra r;as further strrclj-ed by r:elai;ing thtr a"bÍ"1i-ty of

serrc¡'a1 antíl.rody prepíìr:äJ;.i ons to ¡'erluce tlle ad-sor'trrti.orr

of \r cJtol.úrírr:) to j sol.¿¡'bcrd j ntc.:; tirr.¿¡l- epíth.el.i.i¡1 ceJ..l.s

rvi-ttr the j-r prote ct:ive act j vity i-¡r infant; rn-ice. The resul trì

clemo¡rstr¿rteci th.¿tt t) tl:¡.e arrtj-bcd1'*rlecJì-ated ri:ri.uctj,o¡r, of

V. chol-n:,r."a c e.dso r:p1;ion tr: epithelj-¿r1 cell-s corrsJ-¿¡- t;c.¡s

wi th t;he d egree of' :rg¿:;1.çtination, 2) ¿rrrti-t'otiics protoc t

infant mice from ctrole::¿r onl-y at corrcent¡:aÙi.ons that

agglut:Lnate thr.e l¡acteri¡r ancl 3) puri.fiecl a¡r.tj--fl.agetJel

antll¡oclies prot;ect, iufa-nt nli.ce from chol.era.. Th.ese re-

sults lnd j cate tha-t cross*l;Lnlcing (ag;61'1u-bína-L i-ol anclf or

i nhib.i-t-Lon of' rnotil-ity) ¡r-La¡.s' ¿L rof,c> in :i-nimuni.'L¡' f,s

chol-er:a irr irif an.t ln:i cc n



iv

A sl-mllar function of antibocly |s suggested from results

obta.lned in intestlnal loops of adu1t. ntice activel.y im-

munlzed rvith 1ívl-n6 V. cholerae Il. Growth of V. cho-569

leHg !69It was suppressed approximately sevenfold in

loops of parenterally and oraIl.1' ítnuunized mj-ce when

compared to bacteríal growth in rrorr-i.nlrnune aniu¡al.s.

SJ-ml.Larly u 610wtlr c¡f V. cholerae J6)Í4 was reducecl ln

n¡íce inrmr"rnized ¡l¡itl. ¿¿ hybricl vibrio strain, NCV 5()9R*L65,

which slta-i:es flag;elJ-er t¡ut rrot so¡nati,c antigerrs t+ith

V" c]:roJ_clr¿le 5698. Irnnu¡e*fluc}rescence studj..es'; of in-

testj,na..t 1-oop contents and j-rrtes;i;i¡La-l selctj.orit:¡ indi-

cated tllat i-yr non.*i-lnntrne mi.ce r.lbri-osJ coatetJ. -Lire l-rrbce ti-n.a1

ntucosa. Tn contr.er-stn tTre j.n'Le sit.í-ni¡1 titr¡coser oJ] irn¡nu¡re ¿rni-

nlaJ-s tfa.-i al-ntc¡r:,t free of lla-ctcria. 1'ire vi.llr:ic¡s rr),ere fot¡rrd.

aggJ-utj.n¡¿ted i-n the intestína.1 l-r¡n:en of Í¡ntnr,rrter animaJ-s.

f t r{Í}s co¡cl urle¡d t}r¿rt j-rnLnu¡rl. za'Li-on suppresse:r-1 ttre grol.'t-lt'l

of V. cho-1 e::ao in the irltes-;t-ì.n¡t1 J u¡::eu ar:Lcl th¿rt b¡:.ctc,r¡:i-¿rI-

?rgg:!,ìrti.natl.o.¡t rnerJ.La'bes tþ j.,'; g¡or;vtli úir-lpprl(iss j-on"

I'irtal.lY, t1:.e ef"f'cct of :rn1;ibor"ìy on the llÌlfipecj-fic dcf'ence

mechanisms ín t]¡e lutestine is disç:ttsr:;ed ancl i-t is.ougg;cst*

eci th¿¿t the jolnt action. of'¿lntiÌ':od)t rçrrich prevents acl-"

sorptic¡n of the {rrgalrisnis; to t}re i"ntes t j.nal ¡{â1. 1, ancl the

kj-1l-ing mec}.anj-srn aci;ing on th.osc or:grrni-stns rr'hi-ch rlever*

theless atùaclr to ttre rnucosal- sur:face r+j--1. 1 efficient.Ly

renìûve V. clrolerae from the srraJ"l l-nt,r,'sti-ne.
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The maùerial- .Ln this thesis hag not been prevlously

submitted for a degree ln any UniversLtY, and to the

beet of rny knowledge and belief , tt contains no

material prevíously publístred or wrltten by another

person, except where due reference ie made 1n the teXt.
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CHA}ìTER 1

INTRODUCTION

1.1 General i.ntroduction

Although many infectj-ous.11i-seases can be effectively

controlLecl by drugs, vacc j.nation and public health

measures nowadays, there are some l-nfecùío¡rs - pre-

clo¡rílantl.y tþose of th.e gastro-'intest:irral tract

which. are stíl-l- a great probleür i:r al-l cour¡,tries.

fn a recerrt r:cport of a WI-IO sclentJ-f Íc Élrol-rp (l"gZZ)

orr oral. en.teric t¡¿tc'herlal vacci.lre,'; i"t,rq¡¿rs s;'t'rrted

tl¡at the ch.ance of fLirniti-irp; i:he iucidence of in-

testinal inf ect j.ons in clcv e-lopÍ-r1g cc¡n¡ttr: j.os t}'rraugl'r

educatit¡¡z a.ncl irnplenient¿l'bir:n of si¡tipJ..e [!easju.res Of

sanJ-t¡¿tioïl aÉì Tfell- ¿ts of ¡rtrÌ:-t"ic;lrrd. pcl:ssotts.l hygien.ct

is mirrlr¡lal wlth.in the next f'ot.l¡: or fi-vc deci'rtlcsn l'ho

oïrty altern¡rtlve :i.r.; to raí-s e tl.rr: j-ti'¡l¡itrne sta'Lus of ttre

popuL-atj.on a1; rislc hy raícecpreacì and effeictj.ve .1m-

nrrr¡ti za-t tan" Or¿r.1 i-tilr¡rr-'.niz;at iorf mc:th<.rds oí'f er llìâ-Txy

advantag-;es ovelt thc ccinl¡eption,¿.r]- 1:a,l:en,t;era.l- terch*

nltlues th¡rt are currentllr ¿rvail-ab-le. rl

Â]though oral Ìntnulizaf.ion rrgainst pciJ-ionryelitis Ïras

been a gr.eat $uccess oral j-rnLquniza.tj-orr rr'ith l¡acte¡:ía1

vaccÍnes ha.s pr:ov'icled onJ-y I'j-n¡ited protectlon

(WUO , J-972) " It r¿as felt tllr¡.t there is stil1 a fun-
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damen.bal gap Ln our knowleclge on the botra.vLour of

pathogenlc organlsms ancl their troets i.11 errteric

l¡acterial diseasos. Indeedo the t¡asÍc problems of

trost-parasíte re.latfonship Í¡r tho l.rrtestine have

only recently been str.rdi,ecl i.n arey detai.l" Informa-

tion coÏrÇerxirrg the ear.-l-y si;íìge.5 of bac.t;erj-r¿J- co-

loni-zatiorr of the mr:cc¡s¿r, a1'tl.ough. si.i.l"l- scar;'ty t

has accumutl atect, 1'he rrar¡*spccl"fic and sPecj'. l'j-c a¡rtí-

l¡actc:¡:åaJ- ¡nech.arrísms whi-ch may i.rtte¡:fere 'r,'¡itl these

ear.1.y" steps of mucosal. coloniz;tlti.on rema:Lr¡ ok¡s;cure"

llhis lacl< of 1.rr:116rm¿rt:í-o;:¡ n¿y be erpJ-i:.Íp.eci h¡r tþe

clj-ffietr-l t;i.es c:;per::t'ertcc-'c-'- J-n aíl' ei);i:erinlcl':'t¿rl itpprclach

to su-cla plobloiila4 . Mos (: liit¡c¡ra'd; c¡r'y a'ni-maJ-s; at:e rtaì*

tut:'a1-1"y resis tan'à; t<-¡ lr¡ucosr;..L i.Uf r,:ct;eorrs -1 j-lce cl:¡-r"¡-1-e:i'a

'rnlllch affec'h men,.'].'.hrer:e:fcnl:'t¿, arn:i tairJ" r¡ic¡t'i"e-!"9 cftei: aíl,]c)

inadcquate. Ilu¡-"tllílll!ì1c,1:(,'f 'ti:¡.c j-n-i; c,s'Elt.:¡ie alrpeiìl:¡.1 t<¡ Ï:tr a.

n¡ost compJ..i.ci,rterl oI'ßi111 t r.r str,rtly b;:t ,:tf:Íi a i j-nf ¿.rct j-orrs

atlcl ¡in'ûitr¿-r.ctgr".'t-i¿J- deÍ'e.'iclo ¡riecÌl¿l-tl:í-r,:¡äii " T1'ltr 1r:r"oÌ-"1ernsi e-¡r-

visa¿Je<1. are ,") b,l:ros: e cf ¡ll j-aed b¡;.1;1:' cr:i.a-"i. c¡:'1 t¡-r:rel¡

(ttoirL:orT.r 7.g69) anti b) i;.ltc.se of'¿rn clpelt s;yr,i'tr*m" 1l'hr+ i.n'-

test:L1r: CaÌ? t)O r:e¿5at:'decl ¿ì.$ ít-l,I OìJ{".T1 Sysi{;e;.ir e"i.rm1'1¿rr t;o êr

conti¡rtrous cu-f i;rrr:e vesi¡)e1 (FIetr':i.1r u 1955) aJ-'bhotrgh, of

cotlrfsc, rnuch nlore coiÌrtr)1€r)r. In snch â sys;totlr g3j'orJ'bt¡' a-r¿cf,

ki_11Íng raters at-.e cl:l:ffj-cu.lt to deter:'mj"¡re aJ-th.gu6lr

.1ately â lneLlrod for esti.rn¿rtì-rr5 6:r'r.rrrl.;Li a-¡rd kil-J-:i":rg

ra'Les í,n v j"r¡c in the irrtes t;ir.t¡il- i;rac:t us:i,,r:.¡'; ge;::,ltic

rn¿¡"nlç<,l:r"s } as Lreon dc'q cri"'b<.:cl- (Þlc,y'rr e..,-1.1, J-959 I He1'31s-1.1.
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and Subbaiatr, L963; Maw and Meynell , L968).' In

add.iti.on, the condltions for survival and growttr of

an íntroduced pathogeIr may vary corlsiderably in dlf-

ferent parts of the intestj.nal tract dependln¡¡ for

example on th.e quallty and quantity of norrn¿¡l flora

1n th:rt part.

th.e subject of this thesis is to analyse so¡ne unspe-

cif ic anc! specif ic in¡nrunellogi.cal hos¡ t factors r*hlch

af:flect colonization of the intestinal llttlctìsa try en-

terj-c pathog'en.s,

llasically tryo gï'ouFs of crrterropar';h.ogcni-c org'nrrÍ"s;ms -

ruay bc cliffcrerrb:i-¡¿terI accr,rrdí.r'lg tc¡ their ¡nocles of i11-

f ec ti"on I

i) The or6çirlri-..;nrs ûh¡:t at-bac:h to 'tlie ¡ntrcr¡sal epí'h1;eJ ìur'r

but cìc¡ riot per:elt:..rlte tl:¡.r,: r+pi.t,lreili"uair or thc fìuhmu-

cos¿r. lì:iirru;-t1-cs; f c-¡r sue:l:- àr-i.f ecti o¡'rs cc¡¡rf:i.ne:d to ûkc

l-urnen ¿r:-'e c¡oJ-cr:'¿:, (ßtuiúiíìrosåa ei'c ¡11 o r J-g(,0 ) a:rct

E. cc¡1.i- errtei,"i,ti-s J-rr c:¡.¡,1\'É:s (11:i:'buc3,;J-c:, L97Û) a-rrcl

rreorratal p:igs (Sni.'bl-r, 1g7L) , Ijire cc'riìrr'ìoì:r. f eature of'

these i-nfecti"on¡; âre ut*ac-hu.¡errL, to 1;lle tnucosal. sui"*

face of the snla.J" Ï i.ntei,;ti.¡re, tntrltiplicati'c¡:r o11 the

surf¿rce rs'itl-rout gross danta.¿3e olÌ {,tre: intes'Li¡ral epi-

thel.iunr (Gongarosi.r et a7.. , f 96O; La-r:Þ;f orcL, J-$6A;

'l'aey-l.r et a]., Lg58) arr4. protluction of ,'t e¡rte:r:ç*

toxj.n (lh:rrows , 7.)6t3; l".inl<'elsteino 19'lO; Í!m j Ùh ancl

Hal1.s, 196S) v'ii.t.ch carll;r;s a rrr;rtcry di.¿.rrT:ea.
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(sritlt, I9'7r¡ Plerce el

Carpenter, L97Ol Norrj-s

Greenotrgl. and

L96B).

al. , I97L;

and }fanjoo

ii) The orgauJ-snis ttrat attach to the intestinal mucosa

and penetrate Lnto the epithelÌ-al ce1ls or sut)-

nucosa. Th.e or¿3an1sm$ rnay multíply within ttre epi-

t¡e1l.al celJ's for exarnpJ-e ,9h16e11a (La l3rec et 41. ,

et al-.
Lg64; oãånoäi'1-966; 1':rle euchí et 41., 1-968) o" pene-

tr¿rte through the epithelial- cell.s - .f or exantpltl

Sa lrnonel"la ('Ia.kcruchl a-ncl Sprj-nz, L967) ancl s one

strair:.s of Pr--.ç!-tÅ (St,r-t,ey et aL., L|TO b) and

muJ-tj,ply ln the subepi.thc:lial tj-ssue and rnay or may'

not ca.tlse Eiy*.ltemÍc in.fecti6n, ]i¿ this group af i¡r*

fec.Lionsl epi-ther15-aJ_ cel1 lnjur.y alld ulceration of

tÌre mucGsa usuallY oüclrr',

l{j--tr}r. regarrl to an eeper':i.mer.ba.l- stucly of an'ú;j-t¡¿rc'b*r'i¡r.1-

meehanisrns ot:I the m¡¡cc¡sal. surface {ú'¿r0 poi-rrtn SkrcluJ-cl

be eniphas j-zed:

1, á,<ilter¿rr¡ce c¡f b¿r*tc--ría trr tlre mucr:E:al- su::fact+ is

thc flrst stag:e J.n the ¡rathogeilesc j fi of bÕth

ßï"oup,Ð af inf ccà:'r,oÌl.s, 'Ihus a-ntibac-i;eri.aL ¡ncclr.ar:.-

i.sms acbi.n¡1,- ol" th.e mucosa-l srtrJ'ace to preverrt

tþis acll:¡.erel1ce s'bage w<¡r-r1r1 be of con$icleral¡lc

irupor-'tarrce i-::r preverrtlorr of ¿l1l- enterl-c bac-

tert¡r.1. inf ecti-on:; .

t:i," O:t¡4:rnj-s.rurs o.e 6roup i bcc¿ruse tbe¡' J:e¡IlaJ-n withirr

tire inl;es1;j.n¡r-'l- lnr¡err e &!îÊ t31ore sui-table for a
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study of antlbacterial factor-s operating: orr

the mucosal gurface.

Since a better understancting "t tl.e host defence

mecha¡risms of ttre mucos¿r1 surface nray be reactrecl

by some informa.tl-on about tlee factors v¡h.lclr en.able

enteric pathogens to su::vive and multfply ûrr the

nrrrcosal surface one section (t. Z) :.". the Ínt,roduc'bl-r:¡n

¡pi. 11 t¡e corlcerncd r+ith such factors " l.n tlre next trvo

sections r¡hi-ch f o1-l.orar, a sho¡:t revi.ew r¡j-1l- be pro*

videcl clescrit,ing outrr current knor+1ed¿çe on ulLspecíftc

(f":) anct specífic irnmunalogioal an'tíbacterial me*

ch¿nJ.snr5 on the irrtesb:i"na1 rrtlcosiL (t-"1+¡"

1 " 2 Ìl'ac;to::s r'¡lti c1r errah..!.e ba.c Ùr,.>r.*:i ¿r t;o co-Lorr-ize the

tilLl c o s a..'l- surface of t;1le'¡ i.n,t est-ine

l.rl 6r'der to ¡.¡r.'oduc<'.' a cìj.$e¿rr-¡e en-beric pat,h.og*c'rrs u1:-s;t

lrrc¡rl-ize e¡-ncl 8.ro\{ o.l1 t}re tfiìticol:iâJ- sur:fi'lce of t;}re ín-

te¿stine. B¿l,sÍc rcqu.iren-¡e¡r'bs for 1c¡c¡:lizatíon ¿¡.nd

g:rovrl;h are (U. Snriüh, L96B):

1) ¿\ttach.nrent to tl e mucosal- surface

2) Resistance to kros'b' defen.cr¡ ¡nc-:cl.a-n.ísms

3) The biochemical erbiJ.lty'bo gt:ow uncler the

nutrit j-ona1 cond.itic¡ns pr:ovÍdecl f:y Ihre urucosr¿,t' ó

Our knowl edgo

of 'ínfccti"on

aÏ:cut the mccl,ran.J. sms; of the

of tl.e intesti:na.l tlÎr-ÌcoÉi¿) f.s

rnech¡rnle;rns

early steps

clrij.te scanty,

J-nv'<¡lveci inho¡çev$r:, Éirì e:calninat j-o:lr c¡f, tlr,e
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bacterlal lnfectlons of othor mucosal

be tlelpful i.n understanding ttre earl"y

bacterial dÍseases 
"

surfaces may

stages of e¡rter:lc

L.2.L Attactrn¡ent
Inlany t¡¿rcterLa co1c¡ui zLng the gastr:o*lntes'b"ilnall-

tract a.red other: uiucolls meml¡r'anes exer:t a cer"'

tain host and tissue sp6cíficíty of attachmcÍl*.

This selecti-ve attachment to on"llr certain epi-

th elia is grnrticr.rJ-ar'.!,y colntüoll a!florrfi tlte bac-

terÍa.l- uen¡b<>rs of tie ind'i6enotls f lo:¡a (Savage,

L972) but cÍìn atr,so be cle¡trovlst::'a'becl. rv:i-th m¡?uy

pai,Ïrog<-:rric or¿;'ern!-snls coJ-oniziilg tl:e i,,'to*tinal

tnu co 15 ál- . Str:el:ltocc,et.:uÉì sn-l-l.q,'¿¿ritls ¡:.nri S, treT¡to'-

cooclls,5a-1:ti.ltl1.s¡ acihere reercli-11' to tl:¡e sur:']Ìace¡i

of tl¡.e ton¡;ucs artcl cl:eeks of hurma.us anc.l to epi".

tirelj-a.L cell-s j-¡ cheok $cri,t}.)Ì.rrgs ol¡1;r..,'i11ed fçonl

hurnar.ns , lia.rn,'; ters ¡¡nd ßex:fil-f.:ree rats (Gì-bt''oris

ancl va¿ I-Iclgtc, l-9'i1). I.,ilttl*¡ísr: o tl:Lcls J.a3.€rrs of

1¿lctclt¡rcil-J-i c.c¡J,orrize {;}re Jce,'ra.tir:.i,rin'g s*r¡rtj':fli.erl

epithclitilu of 'blze no.u-secretirr¿ç ¡r':;r:tíon c¡f the

säornachs of norm¿rl- r¡ícc (Savage, Ilubos an'i'

SchaedJ.er:, 196{q; Sa.vage, 19'7{o), r¿rts (B::or'rntec

i:.ncl Mo*is, 196f ), and sv¡ir:e (Duuos et a'l. r L9652

'Iarrno*k ancl Smith , L97O).
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Slnrflarly, the epithellum of the l-J.eunr (Savage,

Lg6g ") and l-arge Ínte.gtine (Savage, L97O\ is

colonlzed by bacteria rvlrJ"ch onllr associate vritlr

that particular mucosaf. epith.el-iunt. Ïf removed

from 'bhe epittrelium by treatmerrt v¡itkr antitrac-

teríal- d.nrgs t}" e hacterfa wf ll reco.lonize the

sarüe epÍttrelium after thr: tlrerapy ts diseonbínued

(Savage ancl Dulros u J*96B; .gavage L969 b).

Siurilarlyu sel-ec'bíve att¿¡chtn<-:nt to ccrta-irr epi..

theli-a ear¿ also be fourrr-l rvíth soltle patho6¡enic

organÍ.sm.t 
"

V" cl¡alcr¿ìÊ) a.tt¿rches ¡:r1.nrari.ly to

-bhe mr¿ccÌsc1. i¡r the s¡xa-J^l- 'ltr.'f;e.,;t:i"ne (Taytor: et Ét.1..,

l.gYS; Larrlcforcl, L96A; I{re'Ler et itJ-" u 19(¡1-l

Frct;er:, i-969; Fr:<'rt*r, 19?0) Uut r:a-r:cJ.y to'Llee

l..rrge :i.xrt en t i.:rcr ( I.,atnl*licl:t1. , 19 6O ) "

cer-bi.¿j,.n s¡tr¿ri.r¡$ of Þ^*,:=gtl, th¡¿t c¿:trlf:ì $ di-ar:rhr=ra1

dis e:a¡; c; :in c¿r.1r¡{r"ç and neon,iil;¿rI 1"ti ¡;s ¡¿1's;o adlrertl

to tltcr t'ittiûcse of t'hc st¡¡-11, i.iltestinc (Âe-buc'¡J-o,

I97O; Srnitle aucl llalls, 1968; Smí Ûh- 1.t)71-ìr 
"

Othe¡: Il.- Irgf"¿ rlhraine Í;ecru 1;a a'b'ta.ch prefc:."cntj.;r.L.Iy

'ùc¡ co--1.¡¡i:¡'-c epi{:¡.c1.:l.nrrr (S'Lerl c¡' e'L a-rtru e 19?O b)" Si'mi'*

larly o
StrigerJ l.zr organÍs;titli attach tcl a¡rtl ntultÍ-1r1¡,'

rnair.rLy iir çolorrlc epj-tl¡elf al cc+fl-s ([,a Brcc e'b ::".!-" ¡

19()U; O¿:;;rr+a eI; rl.1,o e 7966; Tali-e;ltcl.i et a,L., 1968).
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Members of the Benus Sal¡nonell-a associate with

tho mucosal epitheliuu of the small i.ntestin.e

prior to penetration (TatreeuchÍ. ancl Sprfnz t L9671

Sprlnz et al. e L966) .

Attachnrent may be confined to not only a speci-

fíc epithelium bui; in sorne caaes to certaín are¡Is

of a particular: epíthelium, 'ÌÌurs ]"s-3s}"!lg can

be f ounct associerted nratn.l-y with the l:a"se of ttre

vi.l1i (!'ret er, L969) . Shi¡çelIa in ¿guine.a pigs

seerns to colorrtze plrefer:er:'bi-a.1.J.y the viJ-lus

ep Lthelium

(Takeuchl.,

b e err r¡¡ ¿ld e

leavirig the crypt eptthell.t-lrn free

A967) . Simj.li,rr otrser:v¿rti.ons have also

J-n e xp r:r' i.m cr. t a l- Sal ruon,r:I1¿t inf c+c; t íons

a-nd Sprinz, L967).ín gui-nea, pj-gs (Ìlake',r:ch:-

It slrouJ-rl t-re nic¿r:t J..c¡r¿r;d ttrat Í.n Serm-frçle anJ-lu¿¡.1s

sucla a cler f'íried sire cifícity i s ¡rat alr';ays 6t'¡¡.s er:vecl .

S a I ut o:i e -l J-¡¿ T¡ ¿r:t'r ¿r¡li;-,r. in gerru*fr'ee nlíce cr:-l.onizes the

snra.l"1 as r'¡e11 ir-s'i.l:.e .La::6çt' írl'Lcstj"rre (tìuitenL-'erg

of a1 . r -t9?1) " Ilh*j.s cnti:hüsiz;es 'ttta-l; tl:.e sp(:{)ifi-

city of at'baclur¡¿:n'b ntetl'be g;Õvclrrtecl" by several

f¡r"ctot-s such as tr¿:*ter'íìrfir- epithel-:ial c ells ínf; er-

action, avail.abil.,tt;t¡ of nutri.ents (seel 1¡c1o'w) ar:.c.

arrtiL¡a cter.i.¿¡l- clef elrce lueeh¡¡-ni.strrs c.rf -t;he mr¡ co!ia.

(setl beJ-ore ).

Tl,re r:e-1atÍonahl-pr c¡f bac'beria La tl¡e rurrcoe¡al sur-

f ace r¡ar:J-es : sou¡ s org';:rrii i.;tns ha.rz.e 'à very cJ.cs e

rel-a1,;1-onshíp by e:rllj-Ì¡1tin¿{ physi eal ¿lttach.rneut



9

to the lumlnal plasm.alernma of the epJ-thellum'

others may be attached more superf i-cl-ally. Ttrus

many typee of autochttronr.ls ¡nicroorganisms

(Davts et al.r Lg74¡ Dubos et al.¡ L965; Savage,

L969a;Savage, 1972¡ $avage et al'"o 1968¡ Savage

ot al. r L97L) *t:e closel"y associa.ted wj.th the

nucosal epitleel lrrrn" Illec bron ¡n:tcros;eopJ-c ¡.ríc-

tu¡:es clear-[y s]r<¡rverl i.nteracti,Ons betlçeerr the

pJ-asnla nrernbrarre of the epitLr.el"ial cel-1s and. thei

c el.1 rrral-1 of Strerr " rnonilífor¡nis (I+ampta¡r and Ros¿r.rio,

1-965), t1.e are* of t¡e attacÏ¿wcnt orÌ the eplt¡.glial

eel.J-s v,'ås ch¡r.r:actei.r::i-ze¡cT try ãr pl.i+q.le -1 :llro thiclcc=ni-ng

of the pl.aslna menll:rnne¡. Ùh.e <;pi.'Lhe-[ia,] cel,J-s rrj.tl.r

att¿*cleed orgsìrr j, rsms \"r€)r.'ö utor¡.i.tro"1-r:glcal J-y and'

frrr:r.c'1,'i.artal.)-y J-1t¡¿t':'u (Il:ri¡lptol ¿irld llosar::i"o, -1965 ) ,

Reccrltly scan,ri:i-rt¡ç e:-l elctr:on nl-crc¡scop3r has beer¡

usod to visrral.J-ze tl:-rr.; r:esid.cr|bs c¡L'thc m.i.cro'l:i,al.

fl-or¿¿ ()Ì1 elrf-tlec:J,:Lal. ¡sr-lrfaces :Ln the gtrs'LroÍ.rr-

testír¿¡¡.1 tr¿lct¡i of m:i r:cr (Sav*gc arrC Bl tr-nltrrghi¡lt-' r

1974). Mor¡t of tl:le or"6nrei.snls 1{ere fortnd at'b¿tch,c¡il

bJ'on6 e¡rd to thr,: epithcL.l.um. Tn the lcelal'ínj-zed

epi.tlrellun of the si-bom¡¿ch the organisllls welle j,:r-

sertetl intcl a hole or cÌeprerssJ-on by onê eÞd, lr:'

the sma--ll- intest:i.l:ie ¡nc¡s'b or:gar.xri:+rns kterÛ adhercd

to the epi the -l-irrl ce'!-1s b3' f'i lar¡euts rcli'Lch r*r€)re

ir¡s;er:tecT- into hol-es i-rr bhe e;::Li;treJ-i-un"
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Close contact between epittrelium cel.l-s and or-

ganisms has been shoren rslth Streptococcus pyo-

.Ë,ggg and oral epíthel,iurn (G'tnUons and vau, Ilouten

L97J). Some enteropattrogeni.c straj-ns of å-9oJå

6eom also to arlhere closel-;' to the epi-thelj-al

cel-.1s (Artruck1e, I|TO; Snritkr ancl Ha1ls, 196S ) .

A translent associa.tion r.rith the plasmal-e¡nÍrla of

th.e epi-bhe1ial cells is al.sc¡ exhibitc'rd by all

th<lse org:lnir:ns whfcþ strbseqr-rently perretrate tl-qr

epit1-eJ-ia1 ce1l.s such as ,rome strai-ns of Il. coli

(starey' et al. r IgTL ír r b ) or S a-lrnonc1la typh i -

rygf.j=gå1 (Takeuclrí, 1.g()7 ) ot- Shi-ge-l1r'r- (Oga-r+a , I97O) .

fn- Sonle i.nst¡r.rlces-L,herc tìtr)I¡C:a,r'S to be ¿ì û!ol:'e sLìpe1..-

f íci¿rl- ussociat:Lorr rr'itir the rnrrcc¡sa-l .surf¿¡-ce " 'lh.e

att¿rchnrerri; of V " r::]rr:.1,,(Ìri'Lü tc the .s-Lriated bc¡r-"der'

of thc vi1li (I';i'b:aai-k ¡'tn.cGIrcs} n 1-966) e.ncì of ¡3onrr*

corci. to v-¡r.rrou.s elrí'i;he.ì i-al. ccl-1s (ÍJr.ran,so¡ eb 
^,ì-. n

I9?1) a¡:pcerts tc t)e ra'i;lrcr'1or:::e.

Ver:y l-ittl-e is l{rtr,¡t.¡u ¿rhc¡trt t}r.e bj"oche¡¡ri.c¿r.-[. nrec]ran-

fsns nir:d:l¿rtirrg thc a'bli,rcl.tmen.t of thc bi-¡'cteti--al- to

¡nucosa-1 epittrel.i-a1 a.lthoilgh in ¿r f'ew instar¿aes-bþe

t¡actcri¿¡-l- strtrctures j-nr¡o1r.etl h¡lve belerr 1c'ieirtified"

El.ectron micrograpJ^s of ¿tclu.J" b r¡iur"ine gastr'o'-1n-

.Lesrli.na_1 -bra.cts shnivecl tÏ¡ah specj. llj-c structr-rr-es

of 'd cet:La.iir type of inclig<;,:r.r'otrs t*Ícroorga'nistns
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lnteracted wlth the epitlleJ'ial cel-l-s ln a wa.y

r,rh.ich suggested that receptor-1Ílce structures orl

the epithelial- cell.s might t¡e lnvolvetl ln thls

attaclrrnent (Relrnann, L965¡ Dav:Ls and Savage,L9'74).

1'he ffrst segment of thes¡o fl.,l¿r¡nentous or¿¡anfsms

r,ras inserùr¡cl in,to a.n excav¿¡.tic¡n of the epithe.li.al

c e11 and lv¿rs evcÌ]? f urtlt er pro j ec b ed .ir:.'bo tl¡ e cel1

by ni.1:p1e-1ilte :r.1:pclndag*-'s (D;ruis and S&va8'e , J-97lt') 
"

At Lacrìrment i.nj.tr'-¿Lted bry all errzymati c p:rctces ß l}as

bee¡.¡ dr:s cr-'ik¡erl t'i ttrl S t,r"t¡lr to co Lrctl-ci rutl'b;¡trs ¡ âü 0r-

g;anlsint rvl-¡.1..r,:l'r a-cJ-l:eteli tc¡ tl:e ¡;rui¡oth sur:f ¿'lceç¡ of

tccth (Gi-btlcrt'rs a:nd .!¡:i.t;::ge.i:a.-1-<1, 19á9; Ì'lrrkir.sa anql

S -l¡rci c¡ , I 9 "/" 3) . -Il¡.c a-rllicrencc <i f S tr:"elp-bococctlrÌ ¡¡ltt'i;¿'r-rlrl

ce-1 t,$ 't,o a. smÕothr g.l.nsr'; srrl'f¿:*c: r."er¡.rri-r'es thc pre-

seÌ1ce c¡f cÌelxtrall*$iicl-"úíì€J allEl. -Ler¡i¿¡rsLi.c3'(lr:iÊ el,.zy¡ilesi

rrth..l..ch ¿rr-Lrrc¡rb to tl¡ ti' s1:ri"f[tcË: of t]re st,rlr'.l¡.:l1;c,<:or:c¡rl-

ceJ--l-..;, Tlrr:s e ÕÌ1i;Ìliltl::r:i sy'n*ht,rf:ìl-?,e i-rl.sci.-1,¡.r-l.1.1.t'r dextra:ii-

]-evart 1¡c¡1)'s¡+,c ch¿rr.{cìc " L'lij-s ¡;o.1-yllrr-:r: ¿{f-ìpe;-!r[r tr-:r J¿('r

reËÌ--i(;T.ì¡;j.TrJ-r:n for tltr': ¿:"'c.-i; ¡Lcitntetrt c¡f ti;.c ol-.6-ç;:.ni-olit:r ho

f;he .sluoô'r;i: s;r-irf ac e (liulrnrtil ¿rlrtl S1.ad.c , I97h ) .

C er"ta j-n s; t::a-i¡rs o 1l "lL.*qS:Li t';lt.ich c¿tu$ e cì'r te:-'iti,s

in pigl-ei;s ¿¡-cJ.hr¡r¿, t,o thi¡ mrtcotls nent'Í:¡r¿;n+ of the

sma1.1 j"rrtes tir-re (,4-;:ì-r';lck;J.e, J.97Q ) anti tc¡ íso.Lr-rtec!

e1ri.thr:-1.'.i.el.l cel-1s (t¿i-i*ut. ¿rn cl .Hohlìt¿tì¡.rå, 1.9 7:\) "

Ârlruclcle (fçZO) c.tbse.¡:verl 1;!talr; einly s¡r;]."cì*¡'pes of

l1. co1l th;¡1; pt-crr-lt;e: c itB tl ant i ¡gcra ( Oroltov e'L îtJ- , ,
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L96l+), tr. protoinaceous surface component of the

bacterfal coll (Stirn et áL., L967 ai Stirm et

a,l. , 1.967 b) attach to the íntesti.n¡rl mlrcosa of

pigl-ets. Tl¡.e rentovo.l of the I(88 plasmoJ"d from

such an enteropa-ttrrogeni-c; strain r*as accolntrf;rnied

by the loss of its díarrl:oea-¡:r'oducfng capacity

(Smitl. a¡rtL l,ingg;oo<1, l-971 ), J'ones and Iì.utter

(tglZj dr.,.rnoustr:'ateC that It88 arrti¡;er:'. r*';rs sy'r1.*

tlr¿+s:i.recì. by a I"8B*¡rosi tiv c e,nt,ero¡¡erth.ucgen"J. c

stra:Ln of It. co-l"j-:i,:l¡ tlie s¡n¡r11 iritestir-re af Lrctl:.

g* ot,rr, i c, t il;:;"*i¡ ent i, or¡.4.1. ïr e: r:na t ¿r.1. p i gs v¡he r:' e

ft fi¡nction.eeJ, zr-s íiIL ædi:teis:i.vr::flac'L<.¡'r: enieb-1..ir:rg 1;lru'

ba.ct: er.'i.¿t-'ta ¡r,dtre:;:'<: to a,.':cl col-c¡¡:.i.2:e tll,e t¡1ucosíT"'i

tlrca grea,t, l.y rr:tfttcc¿,1. v:L;:t1 .1.r.rfir.:e cf a LiB[l-nc-,g:r+9íve

u¡ut¿r¡r.t s'b¡lai.:l r':aE; at.br:'-i,l¡trt.¿':r-i ta :i-ùs jraahÌ"J íty tt:

co-'l-ol¿i:¡;e tlie IÐìIeû,iÌit. of 'L.irr; ,çuraJ-..1- inlcsi;inc. '-lt¡cse

¡rl¡.titc¡tl'¡,; ¡r-lçt¡ str$'¡;cs;t:r:r-i tlr.-l-'{; lilaàl}lösc:*rcg:Ls'L¡,:::.t'

l:rn'.enap;gl.r¡.b j.na.bi-an ($t;i.r'nr ct a:..1". o L96? "-) rthJ-ch

cOr.rl.cl Crrl-Ir 1: e f cni.rricl :!-n jli.[i8 -1. s hr¿l L.J:I1...- I ürP,y re ,li etqil .Í- e

the ¿r'tt,ar-:1..¡.tilcr:.[; of Ir"BB-pc.,¡':l.tive bac i;eri-¿r1 te the

gut r,,'¡-r.1..1- (J'ortcs an,il ì.ìut-L e;r', 1.9711) ,

An.o tller

inr'<¡1rred

bact*:r iarJ- cel-J- r¡;':.1"1- coiîìpc-r¡elrt f'or.nrcl to be

in ttre ¿¡-clÌ¿c¡:'cnc: e of

hae

oc{_}cü11 fi l_rl¡(;-

,gp,r]1=rä 1;c errlthel-:i a.L ce-l-1 s

trl1e¡r aìrrd G-i'I:l:rc:¡'¡,s (.1,ç'l Z) 
"

T-: e en clc s c r j,b ed l:y

Ttrase au-i:l,rors de¡ltc¡tls.-

tr¿rt e-.d tha.t vír:'uf ent c t¡:'¿ii rir+ o f [i:11i]l-J:.9Íif{à!ìE:ïi=-.*Ei-.ci::



gg¡¡gg, contairxing M-protel-n r{ere found to aclhere

well to h.uman cheelç epittrelfal- cells iq--Yl-tqo

and lE- glyeo t*hereas av! avl-rulent M-mutant

strain adhered f oebly. Pretreat¡nent of l"l+ str¿rf n.s

with. trypsin to removê their: M-protol-n surface

coa'bi-ng or reactj-n6 tleem wl.t} type-specfflc an"t,i-

bocty marle eclly impaír'ect thelr abl.l j"tt eç to attach

to epÍ.the1ial ce11s. lìlectron rnlcrcrscopy revealed

that tht¡ attach.¡r¡enL of a¡r I'f + strain to epittrel lai-

cel--ls of {;er:m-free rats wÍlß med.iated by a fur-zy

surf¿,rce stnlcture ('Swanson c':L a-[, o L969) s]:rown

to corltaitl Þ1*protei.:r.

PIJ-i l.rav e beerr L"o*:ncl to col:1'el.ate wÍth vírul-etrce

irr gcrunococt:¿11 i¡lfectic¡n.s (.Te;llrcott of :À1. o 1-971-;

Swa-lrE;o¡r. <¡t ð-1. r 1.9'71- ) alcl j.'b l¡.¡¿s bec¡r su6-9esteid.

tha'-t tl:e pili mí ¿:;1rt be rcsponEjiJ:l'r,: for *he i¡"r:ì-

herence oJl gclnûct>cci. -bo epi-theJ-i.al1 cel-'l.s (Íìrøa:ison

ct, a1" , ft71)" $crtre studJ-c:.s elentcr:s'1,"r.=¡ltecl err-hancc';t1

attcrc:Tr¡¡re:ri''¿ erf p:i3-aterd. goIIocüÉ{)i tt¡ tl.ssue Qtlltt-¡-r:e

cells (Sraau.sion, 1973), brrc;ca1 lrrucotiä¡1. ct*11s (I'un*

salernrg auçì Srtatyer:o ).973) ulteríne r+1:rÍ'tire]'Ì-al celJ-s

(tf ar:ct erncl Ir'a'bt, Lg73 ) ancl hr.r:;tan s1:er:rtnat,ozoat

(Ja*es-Hclnquers;t ct aJ-' ¡ l-97h).

L3

Tire ba.cterial st,r-::f'ace prolJerti.es

attaclrmen1; of V " cho"l erae t<¡ th.e:

that med,iatr'¡ l,he

int *¡s tín¿r l. nruccs.-r.
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have not treon 1d enùffled. V. cholerae proctuc es

orythrocyte agglutínirrs (Lankfora and Leg$orn*

t¡ura¡ra , 1.965) b.,t no d.lrect erri.d.ence lflks these

a6;g-lutin1ns rsí tl- epithellal attac]:.nenü. I"ro'ber

(tlZZ) found tha.t vi.t¡ri.os k:l.11ecï Try ]rea.t or ln

tl.¡.e prcs etlce c,f necmycin. adsorbed sí6'n.if i.eanf;.l.y

less tha.rr l-ive vihri os to the muc()sa of ;lJ¡"*yågg

isolatc-cl loOps of acì-r¡J-t rabl:Ìts. This suggt}'e'f;s

that lL*tþSJSI:Lt] a-tJsorlrs to tLro uu¡c:t¡g¿rl surfa'ce

\.ii:L $oillê bi.C¡ch r:lni.a1 ptroCê)Ssod-¡ Or st.-ruCttrf es v¿hi.cll

r:eqr-ri..r'e* É;trt:c'i.jur:¡¿1 i-r.'-L,a.ct ¿rp cl m¿¿i;ab a7'j^z:ing' o¡:'-

gair:l'-i.siir;t . It s;ltauLt;t t¡e l:ic+r¿t i"oned that Y**gh..g-19,1¡Jg

$erCl"fiLeS, ¿l,3lt¡¡li'ilr¿r OrÎ t¡luc:irr.r:-[.yti-r: CÐ.81r¡¡'¡6¡¡.; ¿,rn'i r¿CLl*

rarnj.:¡i:i-cl¿rse (Iìur¡.:t ¿1nC S'Lor;.e, L9l+7) w1- ic:lr dei,rcly*

me-.riz,e g'1"arrdular.'lîll-lcOllullstr,trlces¡ il^rer-t may ¿.¿-flfec'b

eiti l,ht--1.:i erJ. r¡¡ç:r:,ilìl^ail cfr ,, Lirl ch il.rlzynl êsj uri¿qhÌ, br,: j-:.r*

vo-[v*r,1 in ti¡e ait¿rc]l¡t'ic):r-r,1; cl-fÌ bire vi'l;rj'c¡s to t]re

ntu.cr-, l:a-l E;l-rrJl ¿lcÊ 
"

J..oae<. ft ¡1:1;:i I, t ¿ìn {: ç) trr li os 1; Ll- r.: Í' r.: il c r, i n r;. c h l;r .r: -i, l¡ ;l¡ s

ft'¡.ct:fclçl: tc¡ sì,'cccrssf'uJ, l-y'irrfcct a 1lçs';t tj'sp:ue

írrf'ecti-tre Clr'g;tin:LSuis ¡çr1¡¡'j1.: (.:c¡ul'ttÊI'í:lÜt thÉl VÍ-'i.ri-C¡€I$

hor:.t de.fer¿Ce tit{+c}r¿ru.istrlli" A nuarJ-¡er of Sutlh inhil:¡ito::y'

f¿rc-ho;:Er ca-l"lcd í1tf,i).cssin-s ('tf i:.sorr ¿r¿¿1 I''f iJ-cs u.l9{i4)

h¡¡,v'e l:oerr ciescr-i.bcr-T- ancl seent'bo be of pre":ciotilin''åÏlt

ími:¡r:l;¿:.rrcc tÌ.ui:i-rr¿;- t;1r,c clec Lg j.ve 1:r-j ntlir:1' J.rrtl¿';elnerlt

pcriocl (1,fil es n l'íi-l-e¡: aircL .llttrlie.l u t95'l)'
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Ttrese bacterial factors rvhlch. are prinrarl"ly non-

toxic and whictr 1n most cases a.ct by some lrj-nrJ of

ímnrune suppress lon (C1ynn , Lg72) are cluite treterr:-

genous 1rr their clzemical nature ar1d {¡rclrrcle c:on¡-

pourrd.s such. as proteln,$ ¡ Polysaccha.r'icLes, 1-lpicls

and othcr.s

Most a8étress;íns clescrlbe<l interfere krl-th pleiegocy-

t13sis, l.r¡tr'¿it:e.llri1a.r i.rr¡';estio:r ¿rncl di-gestic.¡n of

k¡ac be¡: j-a- (lrti,l.sorr artd I'liles , 1964; Dubos arr,d lli.rsch,

J-g65; Smitir, Ig6S; and Glynn, Ig72) " lì. few <+xatitples

ar{r å /.nti *inf lar'¡rlttatary f'¡tctors c) f St.ar:hvlococctiÉì

jlllllgl*1 (Ärlgnru;rl , 1-967¡ l¡j-sh<¡r', 7963; Irill", 196S)

rr'hich ri¿t)¡ pzrr:tl.y act b-)¡ j.nhihj,tj.cn of che¡not;rx:i.s

o:fi 1:cJ.1'tuor]ptrÍrrlclt-'¿¿r* J-c-+rrlsocy't cs (t'U e-n-sl-cr an'd IIi-J-I ,

lg6r¡) ¡ co.1 l- ¡v¡-r1l- coTi!.Í.)c¡r¡.nd*; frr¡.r.:h as 1"1"-1:r:ote:Ln ¿ri'r.d

c ¿ì p s r..¡.J- a-1" ¿.r c .!- +1. c¡ fl Íi " Ìli'o ge ¡ìe r.i r"l-tri cl-: :i":¡r-t:.ibit i"Ltgr:.'; t'io:r,

o f' 1;hr'; cr'gíi¡ni snls; (Jll"ir.t,n i¿:tlci $ j.r¡e S!¡':rr-Ì":¡¡-r , a9 6Ct ) U tht:

Vi*a.vri.;igeu of' å*--hl-pl]å (Drrbi:s :rnrL llj-r'scl:].' 1-96:5) i''nri

thc li.*ant i.¡'; eÍl!r of lij" r:c1i t¡lt.i t:lr it:ir:¡'easic resis'ti''r-rrce

tc contìlJ-<'rirlr,¡ll,'b k:ll--l-i.nf; ar-:ci plltgoo]¡t'osiici (C.ty::rn riïr{ì

IIorEerr"cl , \)'/() i ITcrç¡r,rtl ¿rn.rf Gly:Lrr o I9'71- '¿- t b ) .

VirtrralJ-y r1o'bþÍ.¡¿,; :i-s kr.ioiErl ¿:.J:çut l:ac t'er:ial aStS]:cs-

s in-s inhjbitíug 1çc¡rI cle-:iÎence rnechat.tj-surs ùn the

lnucosal sur"face. If the c.L¡.r¡-is;1c¿:"i nn'bi-b¿l-cteri¿r1

mectt¡,rnistnS E;trrlti a,s C(Ììlll.)J eltierit mecl ja-he¡tl 1ys j-5+ Ol:

pll-tt¡;ocy1,çsj..s ¿rrc 1o1; c.¡Í' ¡rrÍ.ur3r.y i.n¡:ort¿rrico ol'; 1,þe

rílu(:ci..ií-:.1. sr.n'f¿lce of the irr-iesti i'rc (see .l " h " 3) o 'gucli
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aggressiirrs as descríbed bofore would be of minor

importance for enteric pattrogens ¡shict¡ are con-

fined to the lumen, and for the inltial mucosal-

attacl'rment of lnvading organisms.

A few hypothetie al aggressins rvhich rvoulcl incr:@a*se

ttre chance of survíval errcL growth. of eraterÍc per.th.o'-

gens on tl.e ¡nucosal.sr¡rfaco rnay be rlrug$ested:

1) llactors r+hi-eh rrroulcl increase res.ist¿l"nce of or-

ganf-suts to gastri.c acÍd"

Z) lî¡rctors r^rhi chr wor¡Id. interf ere wit1 klll111g e,.nd

l)tsis try tnuc.or+41 tl;¿cteri ocidíns; ancl erruy'rnes .

3 ) tr.act;ors v¡hich r+ouJ.cL al-1-oru attach¡nc¡1t aÏ.d tirus

coun1,ora.ct mecha.nical rci¡r'ol'a1 try perísfa-l.sj's

coulcì po$s:i-b1y t¡t¡ ctef :i-nccl as agÉlt'essirls n -

¡+) l¡act,or:s v¡hi-ctr couritcr:act tÌ¡-e ant;r.¿;an1-sru of' tlte

nor¡nal fl-cl::a" Srrch faotc.'ril arc F:lolr¡r'bly r-¡f I?r"e-

clotir:i-rrtlrlt ituptrrta-nco si-lr'('(:'r a re-l'a-(;i ve s¡n¡r"l'l- nutn-

ber ofì Þatho¿;enJ-c cr:¿1ar:r,í.nnrs h¡rÉl tc¡ ootllpc-t,e tr.itll

a clense popt-r1-a'l:ian of cotxnit:n$aJ.s oì't t1:"t) itl'.icos¿ì"

L.2,3 Nu trit i-ona1 f¿rctcrs;

Tfue l,rnpcrtance of nutritic}nal f¿rctors o11 local.iza*

tj.c¡rr a,ncl growtþ of bac'tieria i.n eer¡ï¿rin host;s an.ci

tissues has beeyr <leuion.str¿rt<':tl trr st:vclral l.racteri-¿r1

in.f ect:i-on,s (Pea¡ce ancl f,ortr'ì o, f972) r Nutr:t biona-tly

deficient mutants of ¡rattlo¿-;e¡i,c specÍ os arLr a.v:i".ru-

l-er:t unless injec becl rc j.tl¡. ttrej-¡: recluired. nurLrj-c-,rr*'Ê
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(Br:aun ancl Slva Si.nkar , L96o). Ðxarnples a,îe cer:-

taín s1;rai.ns of P. pes'{;is tr'hf ch require free aspa-

ragi.na,se for a full growtb rate (Burrorvs ancl

Gi.11"et n L97Ll .

The abi-lity to util.f ze urta appears tc¡ ccntribute

to the localizatlon of Cor1r4*6rncteriunl rena-le and

Protcus mirat¡il-l.s in the kicflreSn (Brautie a¡rd Si.e-

urlrrskl , 7.960). 1!nofi}.er gror+'bh stimr,rlattng facto¡'

r.rh.ích de'ber'nlJ-nos'bísstze speciffcíty is er)'thrltol

rvhí.e h er¡lt;rnces ïl " a.bor"tt:s: írrf'ectlons (xeppÍ-e et

Ír.1o , f9Ø) . Aval.la"L>i j-Í. ùy of j.rr¡tr ancl oth er metal

ior;.¡+ ro'lei ch Í¡re c3-csely cc!l-¿c€rrtrtcd wi.th the a.c'biirí-ty

of scl Írna.rr)r êil.2}-¡¡ç¡s can .aff cc'b bact erri,¡,il- grorul;h. in

a.rrima.l- tiss;ues (revi.q-:wctl hy G-lynnu 1972). Nutrí.*

ti.an¿--1, :flel,*Lc¡r's lui:ì.!' v'ery t'c;J--1. det,elîElr..tle bhe host

¿tr.rcl t:i.st¡uc sp/clci,f i cit.y of r:a.ry i-ntc¡',t:Ln¡¿J. cot:¡lilorr*

sal.s, sttcJi îÌ.r; ceJ.l¡-rl-ose deg;'ading; ba.cl.er":i,a. il¿ the

l..Lrr'lcï]. (I-I,rl;siorr, 19 69) ar:cJ- l.a-ctolr¿.rci1l-i in your:g;

antrr¡a.l.s (Í'-ìilvio-gc, l-9 7 2) . 'J.'ki-s i s al-so clExtor-:"str:ates:1.

by th+ c¡bser-"t¡;¡tj-<¡¡r 'cJ:at aJ-t¿"¡r'¡r'r..i.r¡r: i-n ctie¡fu ÕÍrÌì

e¿ffect ¿lltcli:a'i,:i,cnsr i¡r tlae tr-inpr:J..atÌ"cn -l.t''ve.1 s a,ncl

types of tiriori)-or6r:rrrisurs l n 'hÏ:c a-l -i.nicrrta-r"y 'l::,-'

digenr.rus í:lor-a (Ðuhc''s aï¡.cl Sich.aecllt*i:o L96iZ; Lor': et

n.l. , L971.) 
"

It is qu:i.'b.e Ilü¡,;e i-tr-tc that nut::ítlo¡,ral factor:s rsj-.11

peirbJ.y cleternritte th"s hosl" anrl -Lj-ssue Ðp(tcíf ictit3'

o.f' ce¡:h¡¡:i.n err-f,er';lt: pa'f;tro¿{ens alJ-t}-totr6h to t}re
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auttrorrs lçnowledge rro such observatÍons have beevr

reported. For most pathogenic organisms sufficient

nutr:lents wi.11 probably be ava-i"l-alr1o to sttpport

sorne gror*ttr a.lttrou6;h nutrj-tlonal consJ-derati.ons

may rrêrf weJ-l affect grol"rth rates in the tntestir:.e

particurlarly in cômpc;tii;ion vtj-th the nornta.l- flora.

r,. 3 Ncrr".- rlltntf,no J- r: si.ca1 alll;i.l¡¡¡cJ:eriit.-L fÌactor:s i-n t e :Lnt e,"; t t.ne'I

Ttre i-r:testi-r'¡^a,1 l'!u,cc¡.s a ]r;arJ ar¿ cnerr'ütoLls surflace area rr']ich

f.,ç f r:equcrit,.tr-¡¡r expcs ed to a r'¿l::ic+ tlr of ¡;a-l,trogeni-e or f';-r-

cultatåt¡e 1:at,l,logen:lc or:gíìtti-s¡ms, " il'irc-¡ im¡;cl:."'h&ll'ce of non-

speej-fic f'a-c'i;a:"s f,o:: ti:rc* p.rcltecfic¡¡:. of 1;1;-e nìt-lc(litõt o.gai-r-lst,

co-1 oni-z¿tf;;i.c:r cJJt'i¡rvas:Lo:i:r t-ry ent,::r:"opi-r.tli"r,l¿;c:l,o hil-s J-c¡rl,iå bee'.tì

rea-J-Ínecl ¿r-:.rd. ¿e- ¡.¡19¡itic:;:- r¡f i:';t r"¡t i;i-g¡at:Lort*: o-i] t.l.:i s suì:r j eicü

w€:ro pe r:fcir'¡rtc-rd ea::'J-y 'l;hj s¡ cez t-ur'¡'. Th.e,i oi.¿¡rri.f i-csì]f,.ce r"¡f

rrTl{lf-lerci.fi-¿..: rc¡i:i.¡-lt¡;r.r:,e* j,-*; r:l-er¡tr-¡n$tr.'i-r-Lcr3. -ir¡* tI're flac* LLi;;t

i.t i.s diff"i r:trl t t,c' c..;üat.rl:i-gl:,, c::a.1. eú.i:€r':¡.rl i-:.¡fc*tion-s :i.r"

r¡-¡os t anj-n¡¡¡1. r¡.'rc.,çlr-.:l-s r;,:l'i:lrr-¡u.{, 1L:l:'c:t.r''ea {:l¿; .:,ttt; l+"i-{,h c¡.rirrru.t o a.:ttti.'-

hi <¡t;ics Í:rtrd r:{:¿¿r-'va.i;:i.or¡..

_1..3"1 Ì'[e c].r:r.i;. !, c ¿rJ- f ¡ir,: 1,o :.=.*

Pe::iritalsin vi.L.l- ¡¡icìt¡c 't-!rc, t¡a.cter i.¿¡l- 1r¡ c. crrlui'n f r-' cn-l

:l-¡rt cs t j.i: e " t.'Ì'itir-r ,thr: slrna-1..1 j"n.terst:i.rlc lnta thc J.argc

depen<ling oÌl thc \ni.g;()i¿r' of, pc-c'j..qtcLIsj.¡;

tr¿¡rrsi"'b tirne c¡ll ûhe orp;anir+utr'; (tr*f;"*een

rui.-ce ol'fä rlh$cr-'\.:lti c¡r:s ) arrcl i-tppro-:.:" ['ì

p i-gsi ( r:cr'í. eH €'tl, ci; irlo , L96B)b)t tì'i e -1. r:l ûrl

r¡ i,:- t l:i ct ¡1' r-l ii ^i- c

i-.e" tirc

2. lac¡urrs i-v¡.

1: t¡ t.'t r',.J Ln

pr(1 "

ar¡¡11'(}1r- r-+ /.1i.por:t.i c"'n e¡f' thc cr) Ì: il- ål ). .l .cì r,i si rr' j.. l. .l- b e
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before tlrey can. mul-tlpJ-y to ä sfgni,ficant num'k¡er

(oixon , l-96O). The lmportance of intestínal mo-

tilíty in contro1.llng bactería1 ¡ro¡ruJ"ations 1n tt¡e

lumerr of ttre s¡nall intestíne Ìras been confír¡ued ex.-

per:lmentally" Results obtained Ín monkeys and dogs

(Dack ancl Fetr:an, f934 ) sug'/d'esiù that mechanical

cleansÍ.ng of the l,urnerr by pe.li-sta.l-tlc actlon a.ided

by mucolls secreti.cns is an inrportant antibactertaJ..

nrecha¡rism of the snia.11 i"r¡.'bes'b:ine. l-nhi.l.¡i-'bion of

rno'0i1ity rsj-tkr opi.a'be i.s ¿i prerequisite for the.r ex..

perírns:nl,al product;i on of e¡rteri.c fornrs of strl¡Eel-"-

losis (ItcriuaJ- et ¿{J-.. L963) aud salrilonel.losis

(l(cni; et a-1.,, lP66)"

G.1 ¿rnclul.a¡-' secrctl.ons fr:r.r¡¡r t]¡t'v rse-rl-ivalry 6-;.1-arlrì.s,

s to¡nach, cluocL(,r'r,ttnl , pii.tlc:r'êag ¿ln,d liver rt'hich e;uppJ-y

a r:e.l-¿rt:i.vely larg* ¿¿¡rrc¡i.¡.rlt c¡f f lr:i.cl ¡l;lÉtJ: ass¡ j-s L l:Lte

tnecl¡.¡i¡ri-ca-1 ï'ctno'"'iaJ, c¡f tl:e ol:ÉÌ¿trì i..'-':¡ilål f:l:c*.r t1:.el p:'cxi-

mal. pa.rb of 'Ll:e i¡'¡.t,,:st':i.n¡rJ- tr:ac;t (Ni.e1-.seu et el. u

1968),

/'' fuL:llr¿lz' ute *l:¡rnj-c¿¿-1 bar:ri er:: lr"¿¡;a. j-l--.s 1: bacter: j ¡rl co*

lCrnis;rtici:t;. ¿rncl 1r¡.rr¿rs j-Orl of thC rnì.lCOita J"S tLe mLlllol-1 5

J-aye r rçl:.j"ch co\¡el's-1 tLi:re eI-ìf -Lha1;i-al cel-l s" l'-loroy

(tyll) carrried out exp*rr:i.mcr:"1-,s j-:r uhi,cli- he ob'-

s erved the c -1. eans irt6 act J-c,.n af the llluc\ls usi n¿3

hydrocol. 1.agen. G'rapfti.f,e partJ-c1es wclre ent:ased in

ti-Le rnrrûotxs ,secret j-cn antl r:cl-l ecl up 'in a small- Ïr¿rJ--l-

of mucu.'; , 'lhes e sma,1. l. u,¡,¡ g¡9 á-ìri l{ ere t}ren prcpeJ-J" cti öT1-
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wards by perlstaltic actlon of ttre bowel.. But i-t

was also observed that constclerabl-e areas of the

surface of the v1111 appearecl to be qulte free

fr:o¡o a ¡nucous coverí.n6ç an<l that bactorie' despite

th.e rrucus could corne i.nto close ccn'bact rui-tl. ttre

epÍ'bhelí:rl cell-s (f:-oreY, L933l. .

Unclouhted.l-y, meclaanica.l rernoval by perj-staJ-tic

rnoveurent aicJ.tld by rilllctls ¡irlll d:lmír:.fskr tLre nun¡ber

of orgauisrls ca¡ral:1e of attac>tring- to the epittrelÍaJ-

cell-s; 'but, 'bec¿ìÌrse pa.tl'iogen jic tl:'8¿'ìfr1sn¡s pÛsses{)

tLre ab:i-lft;¡' to att¿rclrbo tÏre Inuco,sar rueoltanical" r:e-

nrov¿r-l a.l hhctttp;h q6ern'b:[tati.v ely i-tn¡:a::teln''b * v¿oulel

not çf i t¡:el._f' 'he sullf ;Lc.:i.ent tc cçrnplete -bire elirui¡:--

atior-i Of thc Õrgí-¿t:tJ-¡irls f'::c:rl thc j.irtestinr¡J- rnuco$41.

7..3,2 å-+,ç,Lsui,-q .l- f¿lc ûÕ::f,i

llhe ol't.13,' c1.ea11J-y irJ.err{; j"llj"ctl Ì,r¿.qr: l;oric j"da-l f'¿rctt't:¡:

clcrsc:r,jL¡ed j.r .å:Ì:.c g.astråc acicl lçh,tc1r unçluubt;et"l-Ly

prcv'i.cl ers a- s'[r:oirg 1,r¡.-.¡.r:'r:1c:r':' nga.i trs t; invacL"inrg or--

g'airri.srits (Arnolct a:rtcì Ii'j-rlcler:, J-!28; llrnoJ il u J-9?-9) ,

I{r:r*¿rn sErliva tlas bc,'çr¡. rilrt¡w¡1. tc¡ l:e b;r-cter;i.oicia.L tr¡

sorÌre e:;.t6nt (i¡ lü:i .l-¡'¡.¡n an<l l'{i--1"*o, L961rl¡. l"ittl.e j.s

hnortg .+bor.¿t b¡ictei:'J-c1.cla.l sub,s'í;¿¡ncel¡ in ühe sm¡'¡.1'L

lnte .çtl.rre a.¡rcì thc sJ-gnÌ-flÍcÍr-11-Q¡l Ofl such f¿rc bçrs;

<Iesor,:i-tre{ in contrçr1l-:irrg' eritcrr:'i.c i¡lfectic¡r¡.s is no'b

e.rst¿rÌ:1.í.s.tr.ed" .¡\r¡ti.b¿lc;tcl::L¿ll. f'erc+;o.r's d.es<;ri.bccì i¡r :i.:r-

tes-birraJ- s;ecrçt j.qrn.r¡ are f )'rie r¿ytl\e":, lactof er-trj'rt, ;:cr-l-1"'-
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amlne$ ar¡d enzymefs (revieru by lrrÍlson ancl Miles,

Lg64; lIFfO Report , L972; GJ..ynn, I9?2), Some contro-

versy can be noticed in the¡ -1. 1üera.ture cQrÀcerning

the 1c111Ín6 of l:acterta in t}. e intestfne. Intcst j.natl

juice scetns to lack l¡acterie:i.dal- a.ctirzí*y fo¡: & rtu,I¡l*

ber of orß¿ìr:'islns ('I'eale, L9:]L+; oltrrr <¡[lserva-tÌon),

Díxon (1g60 ) usi¡g 5l c;t J-al:cl-l-c:ct ::ccl blootl cel'ls as

a ¡narlçe.r: Í-or" mocTri¡r:ical. r'cltn(}val-.9h6r+'ed that n. eûl-i

anct so¡t:e oth.er c*gan1sr;rs ¿ì-1'e e;l-1-nliria'beil "tr-;;*-"-
perisi;al.tic ¿rcticn frc¡n tkre, s;n¿r1l j,-¡'rt;es;, 1;inr.: of r¿rts

rsj-ùlt,out e-ïly lil(.)Ëi"1,L11'õtble -ki1-i-i.r''g" ÞIeync-1-I and Sr.tbT-:a:i-¡:ïr

(f çe :) usin6 ír- syr; bcrn '¡l.rj-c:h, jr¿vo.-t.r¡ecl abo.r'tir.'e tÌ:í'-t:l'ì3i *"

clut:ti-crr fC.ru.r¡.cl A 1.reaìJí b¡lcf;t':J,'i. 1..¡s-;t¡tt-i c a:rCl ¡:r Ìr¡e í1k l.¡¿tc'-

t,er'-i.ct:icJirl. tíiccìlr.ã-r,njLstiì i:r t1.:e iutest:iue af nürlllãì1" rntc'e

r,{hj ch ¡*'*.¡ir ab<¡1j s1:.erã by st:r.-r¿l'ti;clnryci.rl t¡:r¡¡"r-tl;lerrt"

Fr*t.e.¡: ( lf''5ó ) rrn i r.t¡¡ )i.-.giiiir.lll:i:1i.

tr r,r r. i f r_¡ i.¡ r¡.,J tir ¡i t -!:r 
r: t.1::¡- ¡.' t; r ¿- j- r: Éi ìt ú: r€ c.rrril-'-! ci;c1Y l;.i."1, 1-erl

a¡":rt,Ì J ;.t J.' t. c::l *

dtir:i.u6; L;11.s-í.r: p¿t,iirr;íïiìû tir.::crr{,iìt the ¿;ir"s.tr,"o*j"rites;1::i-:¡;*.1

tr.a.c 1", cî nrrt; r:<;irt+ci g;r-ri.:lltrer ¡,).¡;t a1-',ch,olr1¡lt i-t' i-ri rl.¡:¡'h

e.:-l-e¿¡--r-* ¿s1; lihich. J-cvcJ- of 't"!r¿: ilí;r-f:ì L¡:'r-r'- j-nLesi;í¡r;r-[ t;;r'¡¿'lt

thíu hii Li.n¿:; occt-.tr",-rr'L

Tl-reì qrræst;Lci.-r cclï1ûer:r:.i-:z¿1 ¿r 1->;l.r:te.r:i.cirÌl:1. t;lech¡rrrj-s¡'¡t j-}1

tho erila1-[. i¡rtei,.,; L incr rcnra j-ns p;1sìo'1. 1'r.:tl " IlC¡r.+ü\-fJT, 'bhe

lrlte$t;-i.,1 ;ì1. ey:it;lr.<:J.iura cì-ocs¡ tr-r-f'clvj.Ll(¡ a.tl efllerc;tj.vc¿

b¿+"r-r:ier a_r.g:rrirrl:,r. ftóì-J:j.y o1:'é:alr j-s¡-ns . 'ill.l"Í sl :ls deil:lcrtt,'i'Lra"-h et:-ì

Ì;y x--i:.'r:iicli.¿.r.'b:Lcl'i s¡ i.tidi r,:s+ (',1ltri$1,.i t:r: ancl ,llier"tn1r1;c;rrrl!1 6;?)

ip rr¡i.c1:. nrl:r-rr;' ol:'8;i:¡ír. j't;'¡¡t¡:; ctr¡-rl' d l¡e f-'ori:r'd :L:"¡' tl-i i': ¡ìuÌ-)--
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epitiretial tissue. Whettrer this bar:r:ler is a me-

clranical. one or a bl-oLogí.cal one heivl.ng the ca.-

pabllity of clestroying micro-orgalrisms is yet to

be determi.ned"

L,3"3 Nor:nral- flo¡:a

The rc¡le c¡f the pormal flor:a l.n protoct:Ion a6¡ainst

enterle l_nfec'bí.ous dísease is clear.l-y' estat¡l1slred,

at least in an.ircal modoJ-.ç. l'Ïre íncli"genous nl.cro-

biota pret, erets inf ercti"on Ì:Y V, chol eríre and sh.i_-

e1-l-a. fl-r'¡>: in g,i-rir,rea p:igs (Ï'::eter:, Lg56;G r:l-

Herr.t¡çes , L969; I'Ten i?ges ancl l'f aier, f-9?O ) ; ìry 5zl"''-

uorrell_a i¡ mice (fntl.i,er, al:1cl lJpl:,n1raf1' , 1963; Bal¡.ra-

lroff eh 41. o L)6lt L\t b) a-rzd l;y lJ:--.9SrL"å l-n ml.cc

(AshÌ:r:.r:pe:: anrl l'{ush:Lny -l-96Ê)" I'urther el'1<.Ienc(r is

pr:ovi.rj ocl by e))iFe-{" j-¡:re:n bs lv j tir flÇar¡iír*free ¿¡n:i¡tia1s

v,hiclr €rpIreaI' tó he ¡i¡or'û susc<:p ti1.¡i.+ to e+u {;eric irr-

fecti-orr-.+ 'Ltrirn coitvr:r:.t1.orli:.1. ol-refl (t{conl.et: anri }loh-1 ,

ry66; Àbranrs atncl I)-i,srl:c¡:, l'9 ('6) .

Ileccr¡tJ-y ¿1 clt¡t.¿riJ-cd- rerríe';f hele; Lrc*n puiL:1j-slted oIÌ

the rni. crcrl-¡i.a J.. j.::r1, crí-'crGrlc f, ::e¡3u1"a'{:irrg t}re; bact er j-¿r 1-

popul.¿r tion 1c:veJ- s :i.* thc i.nt es 1-'i:r.e ( S.v¿trric r 1-97 2) '

In l.nf¿r¡rt ¡tti.cr.* ¡,;ttt¡¡1.1 n,nmt:ers of ¡ni(lro-orgalliritËis

lna|nly .lactobaci-11í. * c<¡leintze'bhe¡ j.nteç;*inal tr¿rr:t

in the f ir:r¡t 5 - 7 clei1'''l of' l':ifle, *lrer'r:eaf'tc+:r the

nuinher'$ ¿rnd \¡ír.ì:j.€j'hy of'f,he f'J-artl inc'::e¿¡.sc a"r'rd

starhj- Líne ¿¿f ta;r ertrout 2 3 Tr¡cel{€; ('cic}:raed-1,cr o-b n-1., o

J965¡ Í:ìuva¡,;e c';t al"r 1968; Loc eÙ åJ-"u LYTJ-; Silvag.;e
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and Me A1l-ister, 1.9?L). In actuJ-t anim¡¡.ls ttre po-

pulation levels ancl localizati-on of the j.ndi gell,olls

n¡icroblota whicir is colupo€¡ed pr:eclotnJ-nantl-y of

anaerc¡bíc bactería (tlorva.rd, L967; Sav'age, L9?2)

varies corrsi.derakrly. IIr¡we¡ver r ä5 at ruleu thtr clen.si ty

of th.e bac-berl.al- po1ru.l.a'b1.6n incroa$jes j.n the lovve¡¡:

leveL.s of tIo 6;astl'o*int esti.lral tra-ct, 1. e. in tlie

j-J-curn Cecu.¡1 ancl col-or-¡.. 1'l¡¡s J-r¡, n¡l.ce çnly relative-L3r

f eu oJî€;í.lrr j-r;rns Can L¡e r:'ecOlt¡.lreirl. f ::orn aurl VíSua-li n er:ì

írrtlre upfler srnal.l- int e:stine (Íìe-r''a-go , J'9"/2i Savm¡''<l

a-n(ì ]J.l.u¡ners;.lr i'¡r e , 7.9Zll ) . s:Lrni-Ii'ir'T-3'' p tJr c uppelr srlla'-i 1

intestí'n.e of :.:.c¡rtri¿'tl f"¿¡.s¡Lilxái: Ì.ìr:Ï:sor:Éì i-s .fr"ee of îr

n,o::'lt;¿:"1 f'J.o¡t"¿1 , tltc l"Lr¿is:i:e::g in<:ri:eat..''¡ j-r:. l'}ie jeJr'rll.tlrri

a-::¡cl il-eui¡t irï;{i ür:e hi.gi;:*t;t i.n. thc ccJ-ctl (Þr'ai,tell'c-"J

a-l., J9{tîi; Irrc,r,[sûr:. *rtrr1 !'lar.terr 19'7A'l'

1lh4 mE¡cliaJr-.Lsrrri; clf ri¡j-crci.bii¡..1 .ir;'b<:r:f c¡'c:'àrltrì Ërl:o ccrtl;1.r-l.tlx"

îÌic> fac i;ors rci;IJc¡¡l;í, l;;-l-r-r fc.r l:(i8t1 .l-*.!,):;g 1;l:-c jrnçJ j.*

€l€tnOLl$ n¡iC,llrll-r;i- a'L i¡- u:l-1-L 1:rcbi'il-r-l"y ¿rl s: c: ¡rt'r,:tt{':ILt Cl)-'

lnr¿j. ¿r,:.-Ls.{rl:¡, ili'td jt:\t;-r; j.c¡:¡ cf thel r1ì--1 {)(¡Sa by ¡:ra,L}-lei¡,€ri,.j r':

ot:¿,;arri,çrnrr. It ltilii¡1:r: -r oÍ' 1r¿¿ctc¡r:i.oc j cli.¿¡,1 (col j.r-::i.irr:.': )

¡¡r:odlrc,c.:rJ Ï¡]'J-:,rdj-gc;tìllLLti or¿51,r::,Í"ruis li,ia-ve L;cen c.c?sc:¡:"i.i;ìcrd-

(IVou,.u:,1 , l.g 67 j . l.p a f''ei'; e-¡iÍ) ci:, j-rue,irrti.,, ¿5i:or"rti: o:ll Lrot-

1j.c;i-r'¡c-scrn,si.'bi ve Lr¿i.ci:c¡r'j'.a.J- p;rtiro¿Tcns: f or o;*armpl-c

in ur:i-nary j-nf'ec bicns (ì)rarr,:Ìc ¿rucl .E:i.e;m.i"lrsky, l-96O)

anr,Ì in e--t¡rer:'i.t:teil. l.ir.l- r'i-tr-i i'iel.La Jrc¡r:¡ttc]*(:orliunc*¿iv:L-b j.s

:rra.t i:¡*elt suliprc$í5c{ì i-'}' t:c.l.j-r::i-tlc p:'criJur<;:lil¿.ï lii;r:¿iii¡¡'

In *hr-l l;r.tes'bir:e: of ä€:iï'¡å*fr:'Û0 ¡ilir:o u 1lÕr'rev(11.", cr:"1-i"*
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clnes Ì¡et:e ineffectíve ín suppressing growblr of a

colÍc i.ne -.s ensÍ.tí.ve 1I. col-l- (Iicari et a'L.1L969).

MeyneJ-I (t961) showe4 t,ha.t the ind{gen'*us flor-'ei

lnterfered ctirec-bly r.¡il;h l.ntest:inaL Salntonel-l'¿r of

mice by fornring r¡olatile or¡çani'r: acj'els irr a re*

ducing enr¡iror:rmen*. a, si.¡nil.ar luectlarx istlt l{af, ol¡*

s er:'ved r*i.th E$if:;"-L]-'*rj'l*¿gp1;J, (ITen'tges and 14¿¡ i' tlr,

l-g70)"

Tleside tlels rlir.ect ef."f ect n the ind:i.¿;'en.otrs mj-cr:o*

bíota may inte¡:fc¡l'c incllre*tly rtith eII'l;e::i.c pa*

t1roge:n,s, Abramr¡ ¿z.ncl. Il:i.sï.rcrB (fpe Z) clcrnotrstrated' íL

ntr¡l:.{r rapi cI propu lç, j e¡n ofl íå llo:tì'*¿lh*q o::'r:;¿l-'1c r:¡rc1it¡'-

a.c'ci.vc ¡l:¡rr:1{".r1: 'h;}:.nc.ru¡.;h t;i.re ¿11:t-r,;i;r'o-'íritcst'i'r¿a-L 
'trat.:'(:

of corlr'<,llitionrr-l ¡iii-ce 'i"n coìr¡i-)¿r-r'.i.sûrl' ìi"di-th 6;r+r"tÉ*'fr"e:e

a::rÌ.ttiiaI-s, $L1-[i€îe,e i;;!ní4 l.;h¡.r Ð tir<: ¡¡'cr:¡i¡;rl fI Or¿¿ rni ¡1h i;

¿¿f'fìr-:c1; in'i;eErt j.rii,t-1. llto'[¡i J- j- 1.1'" ''l.t sllc¡i¡]"'t-l' aJ-so bc¡

Ire:nt--ic¡:t:ç:d r),hat tltc l¡c;l."inal f.-l r:-i:¡i h';rs trì" cOÏ!ßi'dcr:i-'¿ri¡'l'e

j.:¡: f l- u en fi C) on -bl r ,:: ;,i rl ¡:,'i; t'¡ ln l. <,: ¡t l- ¿¿:,lti ¡r}:-y s i- + -1. ei ¡-3:i. c zr. L t1t: "'

vclo¡.rüir-.:t:it of t.lic j-l¡tcS*,lvi¡,r.-1. Iillzco¡ìil . Oort¡ra't::i's;c'r¡:'l c¡f'

¡;errn."ir:e e zuid oG]-i.\iq:.::Íì.1;.1-c,trral ¡,3-l j"r,-l¡¡ls s,;1:c¡r*s 't'ha-h thr'r

s.h¡1,¡-c{:gr-c of {,}rcr l^ar¡¡í:'ia F;:í.¡l}l:i.¿-! (L;'nrpl.LoJ.ri tÌ-*r:;r.re-",

tlo.rclc¡n aricl BrLrclçr:,¡]::'-I{-a.r-cï,o$r','; c l..g6J- a) , the L íflc¡

cycJ.e .f t¡,,,e ep-i.t¡c.l Í..1 ce-l--1.s (lib,r:'a,ns et i,r.!-" ,1-1"63j

antl thO surf¿¿cÈ {i,ï"eí:i olÌ tlre ïtttlcos:.t ({}*l:cl orr auit

li::gclç1 eir.-,lla.r-.t1osn , 196-! 1r ) j s ¿r;s'r;a'tJ-y f1f.l17'enccci by

ì rro¡;'i.ila-l^ lllor'¿r..



1. l+ nnti-bo4y-med.1at qll_a+tfbact erJ.¡:.J- rnechanf sms j.¡r _!Þe_

intes t lne

The concept that l-ocal 1m¡nune nlectta.nj-stnç of the in-

testinal üiucosa may be involved ira protection a6ainst

enteríc inf ection.s was dev eL cpecl ecrrly thl-s century.

IJesi:edlca ba-sed tris hypCIthesis tha-b locaJ- r'athor tl:.¿r.rr

syste¡nic í,ntinun.1ty ¡.rr:ei'L c.¡c1,t; rak¡Ï-ll-ts or:a1ly l.rrl;¡unÍzetl

w:lth pFrra.Lyplroici orÁî¿xli.snls on re¡r¡ults írrclicati:n¿; tJ.ra"t

Ittl¡r.: arncì1rr1 t c¡f ar¡tibc¡tlics-.i-n'l"hc Gerunr does rlc¡t aftr'ay's

col:r'etl¡ro:-rd to thel <ìe ¡1:rcte o F Í.mmurrÌ tyrç (ff esrccllca , 1-925

cj.'i;ecì Ï:y '.1-.'1:.rrris;o¡r ar.itl '.fltotirso:r, 19hS)" '1.'lr:i.s toge-Lh.er wi.th

the facf; tha-t 1r:í..1-e rr'¿;.s i:eúÉìrìii¿rlr1. fclr: cst¡¿i:l-i.i;tríilg el'f-ee.ti.*"e;

iri.lir:i-¡tr;i,'ilys Jnduc,¿d h;i.ii¡ t.o pr"cÌ)of:Ìe tlr<l r:ecepr f;ur tliet;r.y j.rr

r'Elr.í.cle ¿-itrti-1¡crly lli:.ll rlot i-r:r.vc¡-lr,'cti (1..Ìesr.'cclkzr-, 192.?1.

F'ur- bJ.¡.t-':-. ,su*;:¡-r$rt for' thr+ Õ,)i:i.r,¡'ietrr: c of ¿r J"c.'rceiJ, .i.¡iiru:,rie: lt3ú*

cìr¿¿::li-s:l-.r :i.l:i ¡ar.:.ccrils t¡'.eitiL:I^¿ri'1 c¡^; l'Jit fi g,:i.rt <:::i ì-'tir sev eríi.1 gl1i.¡*'

se11r.rr,;nt 1:ubJ-:i-cr.rt:i-(rrl ..-i a-1.',1hou¿-;J.r {;Jlcl ::¡a1;u;-c* cf 1'h¡:cl¿ iìiíÌ'*

cha"rt i s; ril s l cr':i â1 :;- lt c {J. c".i> ¡: c i.t il tr "

-[rirr'nurii Ly ntr:c].i.¿¡-tr,:r-l Ir",¡- l-r,¡ca.l- ¿;:z='t, lt-liocL;r 1o''¿,¡; <it. rro::r+t"-í'atniL in

Þr1€:1,rr!1clr:occ:a..J- rüsp:i.r:'¡,,.1.o:¡:.ï' j.:l:f lc-i;:i-q¡'t:l; (l.]r-.rf l a.r:d luit: 1Ç"r.:t-t o

l"g2.g;'tr'¿J-si'r. ¿E¡rcI Cíìr-r-rrÕr1, 1-g34; ìiaJ-sÌr lt3*) ;.n j.nf'-Lr.¡en-:;a-

virlrsj inf'ectionr=-- (t,:azerli¿rs 11 e St;. {ircttr et ar.L", 1'}5I) anC

in s.budj..es.; afl lier':r ancì Iìo'Ì-rcr.r't$o¡: (:.çS4) rfltr,¡ ¡;1lt:rçncl 'chtr{:

tl¡e rrru'Le oÍ- i-lcicurri-li; a.Í;i.on i,¡rf'l-.ueiLceri'Lirc f.evc.l. o:f'ar¡'u:--

bOcllr i¡r Seru¡il ¿r-rrd \ra$j-¡::a-l l¡ltlCtls - l"r'rc::eas;ed intcr:<':Ss-i; j.n

-Loctr.L i.tutr-rttn..í.ty ¡ìj:"(iGc rtith ÙL:-c cTj.scüvrier:f of" Ig;¿ hy Ïl.erar"-

ntÐ.ril.si ¿tncÌ, Scl.¡.n.'ì.t:.;¡r (fp:Si ',+b-rlc]-r (.)c¡r15;cqr-rer:rtt, l.y rvas slrçr+n'i:u
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be the pred.omina,rlt lmmunoglobrrLl'n class in lnucous ae-

cr.etions (To,nasi and Bl.er'enstocl( , I9(8 ) . /tJ-though the

role of. IgA in antibacteria]- iurtttu:rltj'is still d.e*

bata.b-le, there ís now strong evidence that anti-boety'-

mecìi¿¿terl antJ-bacteri.a.l mecha¡ri.sitns a.re Cffc¡Ctí'u'e oì1 nru*

cosal- su::faces " lìesutts fr:om an:í"tnal' experiwertts ¿rnd

fielcl triaJs rvjttr errt,e;:j.e. patho¡-*etls r'1'hj.cJr arfJ corrfi-necl

to the intesti.n.¿rl lunter¡u such ¿l.s Y.:-- g{g}$r.18-9 and iD" colJ" ,

clear:l.y de¡no¡rstr¿,"te'bhat ¿rc'tj"v+ :L¡ntltr-lr'íz¡l'bi'c¡¡r r+i't} the

bac'É; errl er.l. ceJ-1 ox' ¡:a-t-rs:i.r;,e 
.i¡utnu:n -i"za-'Li on r+:i- {'h ¿t:r'tilt¿rc*

ter1.a1 arpt,í-borìy otttl pr:otect a.¿5¿.i11st the¡sc-' cij-tieítccfi " 'fl-ruts

l.n cl-¡a-l era bo't.h, rrar'btrr¿¡"1 :!-nf cctJ-o:: Éìnd p¡)l-'c:r:t' er:eil iru-

u¡un:i z:¿¿{:iort a,l:'e íìr:)S. O c-}.a.I;¿:ct rr:i th-r t jre clcv'el-ç.f:tirerrt of ¡in'hi-*

boc.Lj.cs ta clr.o-Lc.'r¿r ar:t,:i.6ti::s ar:-cì crf t'c¿.L.ai':i-""r:r rcsj-st¿r:ticÔ

to th.e r!isea¡:;e (1,i,:s1-cy' et íì.1-. r 196S; llliÛ, I'lcporh Óf ¿r

sci-o:! L.i..L'ï c P-lÌ'(lìrp, 1969 ) .

Prul:cc'ú-i-o;:r a,,.|tti-ill:'i: tl.rg cli¡,;easc: ctr¡.:ld al-si'r'be (Ìt:rliot¡-5i:rii"-[eil

j rr ¿-irinea p:i g;s (llilrr:r,r'ls; et zr-1' " , 1-9\'l) 
' 

p¡:i-r:r11i;€)rÐ'-L-l-y cir

ori;ì l-y :i,i¡rtärnl.Lz:ccl vr.i-l;lr Y:,.-Jìi:g,lrgl-il.g ol: 51-i-vc;1" $pctÌi"f'f c: ílu-

t,ts;c¡:niu p¿Ì. Itl; i-116¡-l'1r (Btr:''l:o'v, s a¡t'tl \irnl'{'r 
' 

L9-r9) " Fre'Û eir (l';i5li u

1gj\6) nbti.t:!l¡-t:r.l ¡:ro te t:t j-on a gn':Lii s; t'; 11' cll r¡ -1 r: 1."¿1-e :i":nf.' e ct i" u¡¡

ins'brclpf;ot:t1'ci-u*truat'cclguJrt'ea¡:'i¡';'1;wi-tl::t'r:'1;ìLroti1'J-c'r*

cateci. j.¡r 'L.he inteer'li::¡¿r--l- tr:'act" Pr.'ote"'ctj'c¡: a-g:lìrr's't' ch¿l-

.1_era l;y ¿rnt:i,'tt¿r.t:teria-.I. a.lr.[ibocl)¡ r.¡¿:.s a]-so t¡"crlícvcrtl ir¡ i.n-

flan.t; r:ll.bbits (irr:'e i;cr:, .!-p6ll; .re.nkiIì :rr:rcl. Iìor..1cy o L)6A 
"

l-ec,rJ.e-1,u Lg():i; P;:.Lrse et ;ì-Ì-. o L!(;l+) ii'ntt irl illf¿tn.'c rtr"!-c:c:

('U¡;.¡'r,, e:t Êì,-r-.e 191:8e 1-|'itJV lder¡lr ¡rild. ProwLeyo 1'('J'72i
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Clraicumpa and Rowley, Jg]2; Gu en'tzeJ' and Ferry, L974)

a,nrl i.n cllíncl. 111as (Biachnran' et a-7-, s L97Iç) '

Stud.íe.c oïÌ chol-era in ltuutall volunteers have l¡een par-

ticu-tar-l.y r¡¿r1 uable þecapse the natural disea".çr¡ ouly o1;-"

curs in humans an,EJ. the süu-díee are not :tgfltrenced try

Itnatu¡:a-lh antibodies ( u.cq.'"rired by ''Jubclinic¿rl ånf ectfon)

detec L¡lbJ.c i.n populations of ertden¡i'c allea.s '

Canle et a.1, (lg?tr) c tea::J-¡' cl.ernorrstra'becI l-n Ïrurnatl \"ol-u¡;.--

te¿i:s th.a b i-rnnruruity aüqu j-rr'¡d ¿rflteî previeius diar:-'hc¡e¿¿

causetl 'tr}' j-r¡.fectioi:r to¡:Lth trr" ch.r¡1el:.ï-û J-asi;ed ¿þ6rr-rt Lz

¡¡lort'bhs. Ân :indi.r¡-l.tluaI$ J-t;lttluriít;1r eitlrcr t(¡ inf'e ct-ion oll

ta cli¿,rr"r].rcca I"Jtls.*:le-b co:rrc;-L¡¡.'tecl ¡.¡ith'J:ri.tz selrtllll ti-*e.r r;f

rrih¡: j oc j.cjal al.t'L,i-TrocJSr Gr h.j-r:i gÉitttttt ti-Lær" of ¿er-l.t;i"tov.-i-n '

J-;;rr:rr1r.ti'l;3,', eii-thcl.r :ta'Ntir¡:¡-J,. 1r': .?Cq¡li.:re.-t'L Or vacC j ¡.re ir"rclart:erlu

appe:argci to tre <1 ir:ect.ect í;tffe"Ì.-nfit; tJ:lc l'"1-h-rj.c¡ ra't'h'er: tìi¿:'¡r

ag,:r:ins; t i;l:.e tcx-.!.¡-l 
"

In1- eic:{-,,Lcrr Of ÌIu.(¡j.,ä-t¿r.l- ¡:í¡.¡S ,r,:r.í-t}r ei-r,tCr:'c-r¡;ir.-i;}¡¿i¡¡r:r.iti.C r'it;:a,i.r;¡.:'

of Ji:*__sr.g=L:L r,,1rie;h ¿¡.1:f) cc:rf'j--rr.<.¡rl to tlle ltr¡rc:i: (::'1fi bci llI"'+"-

v.o].ît;(,ìd ì.r1r pals;.s;:i"r,'€e í,{cì-u¡j.:r.i.¡.rf;::¡r,{,ioi-r c:'l axrtÌ1:otl;r.ci j"r:<:u'Lci'l

¿rfìaj.ns-1, tire ligÍ:) ai; t i-6;Ûrrrr (í:1lii- tii ¿;-rtrl L i.:n.g;¡;c,:tl, l-)'/.1,;

$uritf¡ , J 9'7:? i P'uii-L(:.t: air tl *teirle s , L9?3 ) "

1r. .qu¡iilrli:i.r.)', Lhq,:::,r.¡ j-s gcrocl e'r¡;ld(ìtìt:e 'i.;l:.¿:'fi i'trrti.bcicly'-'t:iet-i:i';i-'c*iÌ

¡rrit.Lb¿l_r:l;or-j,¡¡f. nle-:cl:a.nj-s¡iln íìlt(:l c¿*trr¿,il:J-rr of'clpi:1r';r-hinE; (tlJ. t;Jit'.'

niucc.¡rra-i ¡-rurf'¿rr:sÌ af tiic i-¡lL erst j.,r'lc" Il?. 1;l¡c J'-o-1 -t-orr'i::¡1 pírì'il-'

¿¡::airl,ll; .bl.l.e a-v¡ri.l-¿i-L:i1.':Lt,¡. ol] a-ntibtr'.}1'o p}:;rgc1..¡'t.ic cc-j...1'li ¿1.:¡i<1

con¡r.l-ettlcrl* in tLre j-n i,es'h;i.r:al, ltir¡e¡¡ 'çvil-I be d i*; ct-i'ss eil "
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1.4.1- Antll¿octy

fn intestfnal secreti.ons immunoglobullns of al-l

classes are found although IgA appears to be r*tith

regar-d to absolute concentrations the preclonrínant

immunoglobul-ín in many anirnal specien i.rtvestigated

(Vaerrnan, LgTOl arrd n¡an (Cirara a.nd de l[albermatteln

IgTO; Iìlarit a¡rcl Iieontl. , 1969; Nor'{,hr:up, l3i-enen.stocl<

arrd ?'omasJ- I J-fi'103 lda"Ldrn¿ln et ¿ì1" r 19'71)" Ì'fo'çt lttt-

inurrc¿1-[obu].irrs are cleriyeeJ. f'r'otn loc¿l1 pr:ccluction irr

tlr-e l¿¡.mj-Yl¿1. propr-1,tr (Touras;í a¡lcL Bj.e.r¡tev1s 1:,q)<:'*;, J.c)68)

but th cre is c1e¿rr eviric:'ni,rO frotll f:Ëp(')rieriLle u.e in,g

r¡:.cl.j..oactl,ve or l¡icrul-o{'i:i.c¡lJ. ltts::'kc¡r'Ð ttra* inir;rrlrr'+¿¡J-c"

¡r.rl-iriS ¿ìre tro-;^:.*1:rr::r'Lccl jl::otn-t:liCi 5:(r:i:'l,IÍii'i:¡Lto'f;Ìle 1u¡:ten

of th.c gut (hIe:r.3ct (,'t iì.,1 " o l-97 1; Ì'lcr-1ci.le. u..repuÌ:J-íshecl-

cr'b$e.r-r¡¿r.Licrn; Iiusr'l:r;.:-n r.l ¿r.i¡(l l,¿rs;cell eç t J-!1"¡\ , Ilr,u b1;3' ¡r:¡.tJ

Bu-T-J-c:Li,n l-96l.j " '¡i:r.is ainti,bcrrì)¡ el¡;;.:iu:rt trr¿¡ir;1r-e cnte:rir":

.¡ratl:Gij{l-îi¿.: rn¿r}¡ l.:,c; c!,ci.t'iwi¡r.l f ¡-'c;¡il .l ()r:¿rl ar" s}t$ Le¡¡:i-c

fj (} Ut ]' r-: rr.:.: 
"

;¿ ) .l,le{:ií'..1']-:i*J2-t!ì-tf,'i i *f : :Ì- -í:LY'!-t.¡' l *xi ;i

'I'h,e preclc¡rtli.r.l;;-r-i.t .Lac:eJ--l"y llrr:di,lct't:i ¿¡n l'i"T¡c¡dy cl'¿lss

f'oy.ncl i¡ $ccf.etiorrs is secr:e'bery Ì"lumurrogJ-6lru-ljn

A ($-fg'a) ('i'<-¡tiasí ¿¡¡¡.rl E:Lcnens'l;61:k¡ I96S)l " Irr

acld,i.tì_or;, n(J¡)iÉ.a <¡Íl the -IgG a,ncl 1.6-ì"i arrtiÏ¡orÌíes

forrnci in i.nIcsti.i.;¡,'.]- secre.Li c]1:; ¡]lÍ-t)r also t¡e p1.ù-

dnccd l oca'LJ-ir ('nsofskSr a;ru¿l 1-ir'¡rT¡eclçt¡, I'96'L1

S¡n.i.tli ct erl., 1!71-; Allc¡l e:rd l-)orter, 1973)

aIl;horrgh l_.i 1,-i. l.e is; l<norr'n ¡Lt:6rlb Ll¡<¡ir- clganti.t;r.r-
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tlve contribution. r\ variety of antivlral a¡rd

antibacùerl.aL, antibodfes are assoclated wi.th

secretory fgA 1n truman colostrumr parotfd sallva

and näsal secretions, but Little is known about

IgA in lntestfnal- secretlons ('tomasí and

Bienenstoclc, 1968 ).
'l'he blol.ogi.ca1 riíé:nificartce of, TgA in protection

against er:.terlc b¿icterÍal irlflection depends 'on,

i) t.he a¡nou.+t and clr:.rat:Lon of the antí.body re-

sponse arrcl f i) l Lr¡ aretj-l¡a-cterial efficlerlcy.

i-) AJ.'bhor:Lgh t;her:e ís evi.tlou.ce frc¡¡n sbuclj-es 1n

t¡oth anilrtals a.nd ¡nnn th;r [: ¿rvr* i.bactc:r:ia.[ imml:.rrity

to chcil er¿r cc¡rre late-:s Ï¡tltl;cr wittr copnt;rnt:i.Ìrody

lcvel-s; 'bh,a.n lvith titers ofl systettjc: arrtil:¡or-t]'

(revie:vrcrl ìry llol--l-:Ì,'í:zer, 119ì59; IIJ-arcllrrarl et a1',

1g'7Lt¡ Oa.sh et âJ., 1.9?lt ) t;tre aríìollnt of specif"'i-c

-tgÄ an1;Ì-Ìiacìy i:r tl:.er.re: ùcJl¡1'(ranti'baclj-cs h¿:..ç r¡.e"Jer

been. dcte::lnirrr;il " Il+.:ceni;-l-i' t auií Y c:hol- erâ,e ¿_¡-n.t i.=

bodj-es of' the .t.g/L cl.ass llav¿--^ bee:r detloustr'ated

in corrvalescc-:rrt pettÍ.ents (l:J<,rthr:rr¡i a.¡rd IIoss'¡aì tro

L97O) . .A-cttv e or:'al j-t¡l¡uull t-'¿rtt:i-on lví th b:rct eri.al

ant ig etrs í¡r v;¡r':i-ous artlm¡l ls lras; el j-c i t ed eur -l-gA

antil>ocly respGIlsje, ir.l-thr":ugh rtl-th r'¿rriabl.e¡ r'e5u1ts.

l-n sorìro studies aritíbotly activi-ty in the IgÄ

c1a,so af'berr oral 1tt¡murrl-zilti"on rçí bh 1çil-.'l-ed or

livirig or.'ga"ni.slns herti bee¡l ¿1{iÍ3crj¡;Êel . }'{enae1 ¿md

Roruleir (1.ç'lS ) arrtl SteeJ ei et aJ-. ¡ (LgZt+) f ottncl
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that only prolonged oral fmmunizati-on t'ittr

hlgh doses of livi.ng V. ctrolerae Lnduced a¡r

IgA antibody response in ra.lrblts, S1¡n1lar ob-

servati.ons have been made i-n dogs (Heaate rL975).

Husband ar:d LasceJ-les (J-gZh) reportecl that re*

pea.ted loca1 lnfu,s{on of J.ívf-ng a¡rd kil-l-ed }3r"

gÞgg-tgg into ísolatecl intestj-nal loops i.n sheep

faÍ-1ecl to elici'b a slgnificant JCfA ilutítrody rre-

spoïìse. I'Iower¡er, or:al j.rtl¡iruniz¿r'bio¡r wi.th feirritj'n

i.n rnÌce (Cra-bbê ct a-f.. , Lg(rg ) arrd f or::itin or

eg¿{ album:ine :i.n shcerp (Ilurlbarrcl a-nct I.,ål15ce11es,

] 97f+) or vaccåna¿tic¡rr wittr. po-L'ioviru.s (Clgr"a et

a'l" r -196t1) usuerlJ-y r:*suJ-teet i.u a goorl IS;Â antí-

borìy r:esponscì" llt¡e-ise datp* rltr.gg$st' tliaÙ stimula'-

tlon of an ),gÂ. slesprJllsie may not onll' cÌr:Ilencf, or:

the route af intltlu.rr:i. zati.o:.i but citrr¡c¡ ql'I tl:'e nature

r¡f'thc an-tJ-8cn.

'I.he ava:i_1a-ì:Ì.-l.ity of prr^o1,ectj-\re ¿¡1¿r-:;!ts of, s¡rcci-"-

:fri.c arrt j-bactcr, j-,4._1 ¿ryrt j tiorly wj- l.l. ¿rIso clepen,d ¡J17. ¿f

g;oocì all¡irn,:rl,e.:ìtic. 11 e-qpollËe* Iiol";t-vtl:r, thelre i s r;$rr;e

cviclence Lh;.rü t1:.<i j.tillr(r"lnolûg;ica-L lllelnü:r'y of thc;

ß ecrotol'¡" intrnr-r¡:.t-, r,;ys'beln i s rela t;J"vc-Ly IJoor. In

se:verp-l- stuci.ies 1:.r:o1o:ngccl cr repoetLecl loc¿rI

va-ccip* Li-<¡rt rç j-tlt Í'activ¿rte c1 1:olJ-o*v.i'rus (Cl¿ara

and K,arzorle 79b9), rr¡ith I.r.-*4:9--l3l*-i: (I'reter: ¿¿¡rrl

Gangnrosa o Lg 6:l; ;1éîiìï'1trer.l ¿¡-rr c.ì G a-n,9r-r 1-y, L97 2) ct"'

rr¡itb heat*,trÍll.ecl I''ì" c:o.ì,t-, (Partc-r et a-1-oo L97l+)
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dld not elicLt a' secondary irtmune response.

li) Antl-bacterial eff ícíencY

ïrhlle ttre rol"e of secretory IgA in reslstance

to mucosal vlral lnfec*f.ons seems fafrJ.y wel'l

estat¡l-í,shecl ( tc* Ttre Socretory fmmunologlc

Systemn fg69) fts partf-ci-pat-Iorr i:r the antibac-

teri¡rl- defence r:emains oÏ:¡scure.

IgA an.tíbody dir.ected against S n typ]rimur:i.unl

(no.f i-e et aI. , L971-) \¡. cholerae (Steete e'b €tI n ,

7974; HeddJ.e ¿¡-r-rcl Rorv.1-ey, L9?4ì ¿urd E. co.l. i

(ltrrop {*ntl Ror.:l.eY p 7974 ) laclcecl si-gn3-f i-cant op-

sc¡nlc anrl colnpl.crrtctlt-rnccli at ccl lrac ber-'i.cícl¿¡-J ac-

tir'1ty, evert irl ther'pre$el1 ce of 1ysozymc

(Hea.lte e1; a.1," , L975).

O.fiher antiTr¿¡c'í<lrj-a-1" fr:nr.'.'uious crf l.p;rl harve beerl

sjl,rß{iestctl such as b¡rcte¡:i.olysis iT1 t}re pr:es;É11ìce

of' conrplerne¡rt-, ernr-ì 1.5'soz3'intr (Adi-rrol-Li et a1",

1966; IliJ-1 anlrJ I'or:ter o tgTh) , b¿rcterios t¡rsJ-E;

(Iìor-'tcr et al-. * 197l+) u" lrreve-r:tÍ'c'n aî a<lsortrrtian

(ntiff iarns r¡nd Cì'jì-"Lrc¡¡:rsi, 1972; I¡teJ:ar-a ¿'.nr-J- Ii're't,ern

f973). Ho'çr'o\rcrr the relatíve impo::tallce o1- 'l-;l:rese

mecl:.¡rnisr¡rs j.rr a.nüit¡¡rcterial tLoferrcÊ !.r!- vir,'o h¿rs

not ]ret bc'-on as.9cìs¡secl..

lìecor.i'bly, Steel.e et:r1. (tgZl'l.) r:opor:'Ùccl tLrat

speci.fíc IgA anti.ìrody pr:o te ctett irlfant r¡i-ce

al3eri.nst cholera. f t 1rait ec1ual15" eff ective ir:r
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respect wLth tÏre other

and fgM) when comPared

antfÌtody classes

on a wei.ght basi.s.

b) Serur¡ derived ant j-bodY

As mentionecl a'borre, in most intestina"l- secretiorls

IgG and Ieü are preseut and an'bíbocty activity in

ttrese olasses agarlrrst V. cholerae kras been ctre-

morrstrated in ra6Ì:ítg (I+ubara ancl Ii.reter, J"972i

Sl.:ee1e et âI. , 797\'; MenzeJ- antl Ror'¡1ey, tg'71+) ,

J.n clcrgs (i1r:ci<IJ-e anri lìowJ-ey, L975) ¿¿n¿ humalls

(Northrup ¿ind Hoss¿r1n o -197Û) " "¡\"i'ti:ough s(rrúe of

tþc antítrocl.ies ín'Ll:¡esE: cl¿lsseE; mÍ¿y l.>ê p::oeluced

J-ocrl'I-ly , 'bl.rercl alle tusrrl! <Ial;a irr the l1te r:¿rture

v;hj_ch. sug¿-çes-b tha'b s;eï:î,i:'ll arrt.Ll:*cly j.s tr¡¡.¡:ispor:'ted

i-nto the i.rrtes;ti¡re :in a- func*¡-;3-o:re'1l-y acti-r'c:

s t¿1;e, l.fa.¡ y ¿rrrl,l:c-¡r's cor.r.l"cl sJ'ir:'.{ t}lart; trrrot;e c:'çi.on

a.¿;ai11s l; chr,.L.eir¿-i ifi. r¡¡;.:rj-Õ¡-¡.ç ¡inj.¡llal ncicl.cl-s cc.:rtl-d

bc ac].rie\¡cd- l.:y ¡--,ae si i-rre j r1{,r¿¡-'"t(rÌl,G¡,l It atrd- i¡r'br¿t*

per'l tcr:.eil-'1. j,¡t-ri¡tt::lj,z;e-rlic¡tl- (r'41'ieu e:cl' by Ii'retc-i',

L973; lleel e)'¡ 1-9 65; *T eulrin i¿ntl RsÌ''Jr:r] 1 J'960;

G.ij-n¡ore c+t er1." r L966; Cìhosh., J-97a) " Others n

ho-øever,, for¡,ricl orll.y l-íttle prol-ectj'vc; effect <¡f

pa.5s j.vcly a.clrujxri,.¡tr:r"ecL ¿:.út;iseri¡ wi ttr hì-gtt i]ac*

ta¡rícJ-dal a*rì i-r¿1g-L¿'bin.atlon titl,ers (llorttse et irJ-",
et irl 

"
J,g6t+; FínLtr;:1ìr;tüiti u alr:t!i Iì'r'etet'r 196\) ' 'I'¡ese

rrarj"atrl.c rccults maSr ¡rartly b<:r expJ";ri ned tly thc

g-u&]1,ui.i;ati.v.c.ly prrecloinín¡¿nt alrrtiborjy cI.:rss in the
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antisera used. Chaicumpa (1-gZL' ) showed that

passlve immunizatlon of infant mice via the

i.p. or i.v. route rvítli" IgG antibody provldecl

gooct protectlon ¡,¡1ri1e I¿çIl anti'body was quite

poor in ttris resp ect " Ar¡,t' ís er¿r wf th h"igtr bac*

teri,cíctal ancl agglut j.nation t' j't er are 1í-kely to

contain nraj-nl.y Igl'f crrrtJbocly wh'j-ch may only be

transportecl ínto th.e intestj.rral- ltrmert to a- sm¿ll'1"

degree (Wer:rre t et aJ- " , I9'72) . Only very 1l'nii't od

qu.¿r.ntitative d¡rta ¡1re so tat av¿ritabl"e ol1 ttre

aurorrï¿ts of.' arltitrorÌy o:fl tl:e dj.f'fei.nent imrnunoSlo-

t¡t¡1.:lrr cJ-a.F-ìel()$ trl¿rresiJ¡L'rte:d frotrl the $ierì'¡ll1 into

tl.tc in'Les;'h:in¿-11 l.uincn (i{err'''net et a1-", 1972;

I{ed.rrl- c uril:'ti-1. j. c1; *d ol¡ €; c L*t'at í cns ) a 1 tl¿or'l g}r t;}¡'j- s

prob-[cnl .çeQrftt] to t¡r.: Ír11 inrpor{;¿ent Ûne tiì et'af.tri:'bc

tfue rorite c¡f op'bi,r'naL pi"6¡rþy-l ac't; j-r: J.n:t¡lu¡l-z;a* j'çn

at¿,;ai,rrs;'L enteric j-n'tl**t:i û'4î' '

1..\"2 Frh ti e cr:.Ll sit e,

1llb.e -l¿ui:åna prn¡::i':j a o.fl 'L;'h.<¿ :'l-t:¡:rnal- i'ntcstj-:r.:'c"''l- rnllÈol$¿à

is rich i:i eì vrrl,i ety c¡f :Lrutnttr¡,e cet.-Ls, such ars J"ylrrpl-:ü-'

cyt;ce;, ¡rlas:türr- c:cl 1-1,s, co¡-;ii'rr''plri l'r:s tïllil :nac't:opl::rgeir';

rçh.ich catl, be s ecn :i.rili.:lrc cÚre oll L'tte vi .1.J-i- ¿rnd tlì-

fi.l..tra,ti'r.¿4 t1.r* e¡lí'Lhc-'l-:i.;r1 e'l.l,s (Curr,rn r¿'cl Crearntelle

i g65; Ilr:a',rlÌ:erßi L969l¡ " tI*cler: lnf-1-ietntni;tc:ry conc'll-titttrs

tlLe :li-ri¡¡ber crf p'ha¿;cc;i-ti.c c cJ''l-s f+trnrl i'n the suber:J'-

tkrel .1..i:rJ. tisstr.(: j's ¿1r.eiri;.! y i}rc¡:cltl¡*11'" Sonte ¡+tr.¡cl:Lcs
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suggest that there may be a cell traffl-c of ptra*

gocytes through the epithelÍal. ce1l J-ayer' t'hus

the irrtestirral tract seems to be ttre prlncipal slte

of granulocyte eJ-i.ninaticn (fetr anct lì.yttimaa, 1966).

Tl:ese cell-s are occ¿rsiorral-1.y llouncl L¡etlr'een trsr¡ arl-

jacent epltkrel"i.al cells ¡rnd ¡ri.6'r:at{.n6 irLto t}re lu¡rleu

('fakcucl.i-, 1967) "

.lkrj_s nor:rua]- traf f ic of gra.nu-lo cy bes t,tlrouglt tllc e;:i--

tireli-¿¿-'l- la.yer ca.rr ex.perimen.Ia1 J.r. be J.rrcr(}¿lsed bJ'

frlte(-. j.f ic inuuu¡e rca'J t J-ú¡.rs ' l.]e ll.a"ulY anrS hrl-e-lserz

(]SZh) otrservccl j..¡t f:j*.sr seÌ!s;-í-ti":¿ad' ta hr:v'ine sc*

l:u!r.i ri-l,hu,uri nu ê\. tli,i¡;r.tati.Ort cÍ-' J-Lrr:ge i-?'rl:lìrhOrs Of tt¡'t:¡'i---

trc:phí -! c*s Í.n't,cl tl'l+ ir:.1;Or,i-È,: j-¿ri;-'!. I u¡liert a{'te¿: e);I-tcrfii'-tÏ)e

of the -littel;l'['-.i.:1,;i.]- lì.111{:(rst¡ì. tc¡ tl:tc lti¡¡¡¡rr:r'iziil6 a¡rt'Í-¿.;r:n'

ì)her¡;<,.r:.'1,.',-.i r-: <;<-.-l-^1,s j ll 1;;l * .i.i:lte¡l'i;:i,r:af J-illltttl coii}t¡):i:ttÍ I}¡';

t¡i¡.r_:'acL.:i i-.u, Iilür.r:¿ t)r,lri,;:i, oÌ:.r;c:::vcd j-u i.nt:es;l,i,.t¡.2:.7" i.Tú;.'t-tt:-l; j-c¡:¡.t;

r::i- 1:J¡. iir-.l}{dl:i,ii:i,1,-:;:ill'j (t'l.rl,.r:t;;:i;'ii , ] 967 ) ar;el Slii ¡';e:'.1'-'l-rr

(:trl..¿rrc:l.r-.i- r-:t. ð1, , ]it6,i i a-i i,l-3. 1.':-:¿';l: i1.lc ir.I¡ì¡ilror:r,; r'¡cJ:'i}

qr.r f.{; e gina-l^ l- . ftl r¡r:..i i,l r: s l::-l- :!-r:¡,f c (}'i. .Ì.Ón ..r f .iy Ülr{líj.l'l j. s t¡lt;

¡shiehaiç¡¡.¡rtlrcnc'i:l't.;'Lt:¡¡-r-''r-ìel':-t;ilrg,'c1-'h'celi:i1;i:*1'La'l-

ceLl,s :.¡u-r:tL ¿ìs c;JrçL c.ü'¿:r e J il.¡;i:1; ¿:nd c:J..r,lctrcr:t t;z'j-():'lii'*

srcopy r.1cçeï.revcal-¿;t.i t;1;e f)].'()f:ierflce crf'1-rll¿¡.¿;ocyti<:

cel-.1.t¡ ol1 i;he rnrtclc¡s;¡¡.1. s n¡.'fl¿-'.t:cl (I-t:i'u:r;:i.1* rrnd Ghosl-ru

lg66; .tr':res] ct:rI .n Llj6lt; G¿ilriir'rr"rrr;¿i d')-t' trl"' 19ijO)"

l.I.li,r,r:i,carj utí;.ci"ol;he.¡¡tr3 üìlpr':¿!.'r {:c¡ ìle ír:"vo-l'vecì ir¿ t'Ïrc'

ei:r1y lr;,.r:.'L<¿r::i.¿1,-L e.J- sr:-i-'¿r1l{:e .íl;¡:'(¡ll -t:!l(-r lsì.1ÜÚiì,fl c¡-fl 't;.he



36

attach¡nent sites. Srnith and Língsoocl (ryfJ*)

shorr¡eci that antibody cli.rectecl against the KBB

antigen of tr). coli- protects agai-nst the disease

arrrl 1t 1s suggesterl trlat anti.body mí6ht neut¡:alize

tlre at tachmont s j.t es (ttutt er anrl Jones u 1"973 i

Srni.th, I972), Prerrent.ion of adeorptJ-on of strepto'

cocei'bc¡ brrcc:a1 epi.theJ.laJ. cel.Ls by secretory lgA

arltib9cly- h.as be¿:r:. eLemo¡r-s1;rat ecl r:ecently by I{J-l-liam¡¡

ancl Gibbons (Lçf ZJ , Ii'ret er ( rree revj. cv¡ 7,9'73 ) artot-

11';zcd irr a series c'f Jl¿{r ers th.e anti}:ac'ter j.al ftlr:c*

ti oir of ar.t..|,i bocìf in cx¡.rerimerrt¡rJ- cl:'oIera ' Ide ob-

ser:r¡ecl usi-pg isolaì.;eti i.1c¿al ,l-oo¡-rs (Irr:'ct;ei:u Lg?2) o'"

s-l-.i-ccs of i1c:rl¡u (Ìr'r:'e1'r:r'o Jl)7Oi it-, ::atrb:i L:; 'l;h¿lt i:.iri; j.-

Ì:ocì'r cl ecrc¿¡:; e{ 1;hc: ¿:j.rJ"tr.rrp-L j.ç---yr a]^ l;}re v ítir.ios to t}-ic:

i,r'lt;es1,;j-l:¿i-l r.';rl-1. TJri-$ \!'íLs cl-ue tn b] ocl¡-:LnÊ-î of act-

s()r..Iltj.or-¡ ani.l t.c¡ ft11 a.n I i-l¡r:d3,'.--cl.r,:¡rctrflg':¡-¡.t a.rit:j-'bac'-

t<:.r"'i¿l.l ¡¡ir:clL;.ilLi:;¡¡l f¡ll t.ir e l¡ti.t-cr¡Í¡¡:i']- str¡l'L-¡rr-:c " 'lll:ii's an-

t:ibr-i¡i,r*.¡iictlj-¿r,tccì ¡-.;::it:i.ì-:,¡¡ctc.ri;tJ. t¡i (:t-'lÌË..¿t-i..s:t¡r rghj-Cl: a.ls:o

'rfÊ.tLì (1 ti¡¡rc¡ÌIut¡';,r't, ¡:lC t'¡'-i-'r:ir -i"¡;;;i år-l-ri.:)et;:'<;:ir-tJ-ir l.'c{iiÌ j.i:c-;d ii¡e';'L¡'-'

bcrl-i-zj.rtg c¡:í'l;Lrtll-:i-i:. 
,l- r:e-l--j Ë sr ll'iç¿r i ts cÍ'Í't-rc1; coul'c.l l:t:

il¿lri.1-¡iLeci liy j-o,Jc¡¿lct:Lr.r-'i;r¿ (j;'uiblL::a elnclt j'¡r'çt;err 1"9'll)'

The iïr¡.t-i.b¡*,cteria-l ¡r;ç:c.:Ìr¿i.Ìri.,.$riìf-j ort'i;ile: i-n;¡:tu:'tc) tÌlLtcc¡g¿l--1-

¡lu:r:.face 1i::,t:vcnt;ecl c.rzi1. ùJre .5r:oivtir cf-- tJtr:se vl,br:ios

rVh j ch \rtÉ)ï0 j.n cottt¿r-ct ¡+j.tl¡ L.tie n¡ticcrs;1 " (ix'or'¿th Of

the vibr:ior¡ :Ln t:.lre J-r;'hcirti. lri'..1 -l-u-utc:Iì r';i:t-.ç ntt affcctc:ti.

Rclrre:st;1)¡ Iìliçd.lofs;lcy ¿lilcl Irre'¡ç¡r: (s9''it') slro=''Jç:{l i;iri:1;"
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local antlbacterial immunlty i-n germ-free mlce

may act synergisticalJ-y wlttr bacterierl anta6onísm

Ín contr:oIling t}-e bacterÍal popul^ation in ttre

lume¡r" - The mechanísm of i.nt estl-na1 irnmunity

a.¡Jains t V. cholerae tras also been ínv'est tgatecl

using irn lnfant mouse ln vivo model (t'l¡iye and

Kobar:i o 19 70 ) . V ch<¡1e:rae orga.rrisrns ¿EJ-verr orallY

to 5 6 day old mj-ce wj-11- cl,:Lcit a tlj-a::rh.eal cli-

sease rçt_rich is supr+rfi-ciaJ..1y si.¡nilar: to that írr

hçmans" lltre l1:ffar¡,t tti-ce c¿tn bo prcltectcd 'by anLi-

bacteri¿:"1 antiborìy (Neoh ¿.i¡rct Iì.wJ-eYr L97'2). Pr.-

teet:Lc;¡r i s llari:.'!-l.el 1l-cd l}-]' i+' reclu''cti c¡n of thc

-Y-:*-.ghçiJ,,gl:15 popuJ-a'l; j'cn. -rçÍtlii':r tl:r: irr-t;e:;-{; jrtr¡ rtrlri ch

h.¿ls prr,ti;pt,od the srrlllr,13rst j.o¡r 'bhab r;pcci llic i-trrti'body'

úr¿ry l¡rc$-í¡rte tlle Iti-lJ,irig <¡1,'ti;e or"¿1arl 1¡;trt"; witl:j-;r ttre

lr-rnre¡r (Ctr.,.:i-cutrlp::- ir'cl Iì..r'¡.[c1' , 1-9'l 2) ' R*cr:*t-1y' S te e-l-tr

ct ¿tj.. (19'll+) clr.:r;ic.'.-.r^.--' b¡':'il'üc-.cl" l;il¿rt erl .1, itiitirl.rrro¡;.1-r-rbuli¡r

c1.¡¡.$s,;os (f:¿;n, -IgCì, -lgÌ.Í) a.nd Ï'(ab), a:'i L;.í"bo.Jy f r""ag*

ln<¡i¡'bs ¡rr'o-L e'ct i¡:l--¿'':'i;'t ll:i'ccr f r-rrnt cl'r¿¡J'e-)Ì:¿l ¡ '41 J- 1;l:t"s."c+e+

c1í¿, .':;e$ '¿'rið P ( c-h ) ., n r:;r e.: f'c¡u:¡i.tl tcl 1-r+ cqur.-LlJ-1"

t iv e o.ru ¿t lv e i¿çtrt. l-r¿rs; ,i- r, " lrih crr c r-rtnlr:rr i ttg 1.he

cienci<:i; cll thr¡ 1;l:l.cc ant:Lì:ocì5, cl-ÊIi'jiìc!ì crncl I¡(ab),

ín irl^r,'i.br."o ¡urlj-biac'ber"j.al- t+:sts s:ut:h a$ ph;.i"¿-;*ocyti.c

tests j-lt\."c¡lr'i.n¿i eitire,r tìlotlfte pc-rltonr+a"L mircr:opb-af-îes

(1,,tlri.trb-r. a¡;d- IlowJ-c:1', 1"959 ) ot' j't'r1;::'i¿vc¿otls cleaL'¿.ncr'r

(Jcrrkir: a'cl l?.t¡r"¡.1.t:y., -1961) o" a 1:i;c:'i;E:l."icj.ci;rl tcst

with cotÌîiìJ,cnierrt J-¡tÂ ¿ireh j"bnri-j.es an';l L)(er.t:) * nrlblr'"-iorì¡r'

pr:otere--

eff i.*
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fragments showed no or only very littl-e activity

coapared with IgG and TgM (Stee:-e et aI., L97l+¡

Hecld-le and Rorvi."y, J-g/5; Knop ancl RorvleY r L974) .

Thls; strongly suggesÛs that the classical anti-

bacterial mechanÍsuts pha.gocytosis orî contplel¡ttlnt^

mediated kilJ.ing are not invol-vecl in the anti-

bac.berial inrfirurríty irr- thj.s madcl. IIowever, the re"-

sr.rLts o[rtai.necl irr infant ¡ni.ce i-r:cticate t]rat t]rere

1s an ¿lrttlboctlr-¡¡eciÍatecl bircteri'c icl¿r1 mecha"nj' sm

oper"ating i]Ì the.Lnte,.-rtína.l- lut.¡ren. of the intestil}e.

In i:Ìris tl1eel is , l¡as eCl- oïI 'blr,t" arhGt'€r obs t:r1'r¿.lt;içr:s t

r{c gri ecl l,he lnfant rltoil'5,c l:rcdel- 'Lcs dj s*; ec I tl e

poss.ji-bl-e nt¿lclLalr'isnr. ctf arl'ti'l"rad)r--rtic+cli¡r'teel r'r¡r tibac-

ter:i-n1 íminç:-rity i,Ir tlic j.I'J,t cs t j.lrs " T]þe ou.t1. lnc-' of'

tht: e:;;>e;rili:*:-rtE¡ 1..'; b;rs crl on tlte c(¡31s j.11 cr';' t:i-c¡r th;*'È

aritì.Ìrci:ìyr illà:{ elrJ,lancÇ ür1fìJ}q:ciÍlj{ì a.T-lt'il¡¿¡ctr,:r:J..4.-1. lllf:-'

clt¿rli.i-ss¡¡rs a-[re;ar1y pr-'cserih ín th* In te rit' j-i::r]- luirtelL'.

ÌIcnce, tho unsllc,:r:j. i'i.c: antí bact c¡.'j.a-l t'i¡Û.cl-.¿tr j-$Ìns-r

lravt: t¡çc::t errrtilYz c:d 
;1

Tr r:'i vo in l;J.rt,+ aclu.Lt a¡:rd itrf'¿¡-irb

Í¡tGrj-G c an<l the efl.l'e c t" e-r f' antil;c rJy oIì' tlt tlÊ e h¿¡ s lt':) *il

investi.6atect lrr varÉ r:u s ;L.lLaY,.;liçl ¿r.rr.cJ, :trr*v i t,rc¡ rnor'1, sl s "
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CITAPTTR. 2

MATBRIALS Á.ND MI.]TI{ODS

2. L A.nf maJ-s

2,I .1 ltf ic q

lln outbrecl straln of Sr.riss whito ¡nice ttas used for

mos t experirnents , Inf ant mic e ( 6-oay o lct ) us ed

throughout thf s rtro.rlç were ll.tt,ers of mottrers fro¡n

this strain. G'orm-free F,/.I"ß/C mi.ce ai; ¿ìn age of B

weelçs rrex'e obtained fr¡:rn the tr¡ralter and }l'l'iza ÌIa-1l

Instittrte, Ifell:ourne, Victoria,

lj' a.f t e:: a¡:r:lval-. Co¡lventi"onal- IJLLB/t ¡r¡ice

taken f ront th e department; I s

arrd us ed i¡¡rru ecl i. at e -

of t.he

alrim¿i.l-sanìe age l{ere

hous e 
"

2.7."2 R¿rhbí'bs

Rabiril;s of va::ior.rs breecl:ings wcre usetl to produce

arll;1scr¿ì.

2" 2 Bact; t't':i.ã¿l- st:rat i.;:ls

2.2"1 \¡. c1r*1- oÌ'tle 569i) ( c1¡t,.; s i c¿r1 o 1-r-r-itbir- )

1ìh"e or:1ginn7 569ß u:as obtaireed fro¡n I'f r. I. Ilticl

of the Cholera Research Lr:-baratcuries, Da"cca-' It

'was maint¿rineti as cl t¡Eic.r:"it¡erl c¡lsewlrere (t+eole an"d

RorvJ-ey , L9'72) " I'he 569ì3 from one ampouJ-t¡ 'r'tas grör+"rl

in nutrien* ]:r'oth, stabbc<J inùo ¿ìgar- st¿r1¡s and

storecl at roof,l te;n¡;cr'atur-e. Or'¿1anJ-stlt,s r'!tere take:r

froln tl,r-sss st¿rhs r+lterr. req.uir:'ed by str"eal*ing: ort
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agar plates and a slngle colony was used .for ex-

perimeutal work.

2.2.2 V. cholerae O17 (nf To¡:n Oeiarça)

Texas, Medical

mainta-ined as

klndly supplí.ed bY Dr. Ìü.F. Ver-

of Ff icrol¡l<l1ogYr Uni.versity of

Ilraneh, Calveston, Texas. f t was

descrll¡ed f or 569F "

2,2" 3 Hvt¡ri.cl rrj.b::J. o 569R-I65

This strain w:rs obtaÍ.¡letl f'rom Dr" K. Bhar:trtaran.t

Centr:¿r1 Drr"rg'l:le"sear:ctr- -l,rrs1;Ì-tute, J-tlclirrûtrr', Incl,:i.:t"

frr bhj-s Ì:yì:r::Ltl ,rlb"''Ío tl'r<; O-gr:oup anti.ger,:.s of 5691t

have 1:cerr repJ..acerd by tl:e O-arl'[:ig;erier of ãr- l1ol)*

choJ-r:r:a vitrrio ritr;¡irt NOV-l-(;5 (Garclnr:r a-ncl Vc'n-

kat::ir.merti, L9:J5 ) btlh tle hi'Ì.rr:'i.tl re-{:,a.:i ne¿l cünrrr?(ll-r

fli,rge1.-1a-r ¿r¡ttiíJeï'rs ti,i+;h 569t" (]-tl':aclcilritr-r ar.rr! Si.n.ha,

1971.)" 'Iiie h,y'trrid t'Ë¿.Íi r:cs j.stan't, to tl:e l¡acterícl-da"1-

effcc-h t-'f 569Ê;¿ntl O*L65 i¡.¡l{;iscr:¡r in i;hc com¡-rlen¡e¡rt-

ruecl j-atcd Ìracter.!.ci-d¿¡-J- ¿ts.rii:r-i- (nov,1.o)' ç 196e ) .

2,2.4 vib¡'i-e¡ s t¡:aÍn trr 5 B SR ( lf .f

ThIs strain was

'¡rê)" r Departnlent

.)_

t'his norr-r¡1ütiLc-r Ogawa straj.rr l+i¡s ki-irdly stlppJ-:i..cti

by Ðr. lSha.ske¡.r¿r.n, .

E" coJ.t 0l-l-l- BV2"2"5

T'tri¡; st;rai.n (l-roul.ey, r-95'l'{ ) rcas obtaiuecl :frc¡ni the
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departmental

descr{bed for

collectlon and maintaíned as

V. cholerae 569E .

2.2. 6 S a.l.mone 11a tj'phimurfun C5

ltre bacteria vfere obtained from ttre stock of Jenkin

and Rowley GgeS). Ttrese organisrns al:e resÍstent to

the con¡pl.enlerrt antiborly-mediated bacterlcída1 re-

action ( Auz:ins , 19 68 ) and vÍrulent f or mic e '

2",2 " 7 Sa.l.nronetr. l-sr t Írphf ¡nuriu¡il l'[.2O6

'Ihis rough strai.rr ís 6c1ìsitive

meclia.terl b¿rctericÍdal- reetclbir¡n

ancl is; nor"l-virulen,t for rni co.

'bo

of

tkre cornpJ-ernent-

anti-CJ seruti;

î..2 " 8 S trc'utcr irrvcirr resf s;ta.n* tlitrtants

Str.-ep-bonlyci.n r.esj.staut s traj.Tì.s of' the above Lr¡¿c-

terj_a vreÍ-e scl-cctr:rl b}'rrral<ing a tÏr.ick 1ar'¡n o1 ttre

Str:ept*¡iyc j--:t S e¡¿sJ tiVtl or6;eulÌ .',:ttis t.'¡n rr-rrtric¡1, a{';al:'

plates r:o;rta.i.uing LùA ¡)f:/w1.L 
of agitr. Sin¿J]-e cr:...|-,¡rlj-es

v¡hicfu ffr.g"w o!'ûr ni.gJrt ìveI'e rellla'bed on f.resih s;t::'cp-

toruycl.il plates " hfltc;r: ftlr"1;bc;n j-ri¿ub¡;tiOn th,c co*

Loníets t{cre tes'bt¡d fc.¡: s-1,ide ag¿;lutina.tl.on agai'-n*t

rnollù-specif.Lc arel-iõera, The fo 11.or+i¡g strept,omyci,rl

resis¡tant mrrt¿rn'f;$ wcrü

OL] Sl.ì' D---gg!! l3v SR'

arecl þl?06 SR.

usecl: V 
"

cl:-a J- c! 1- ¿l- e .Ft6gLl s}l,

Sa-l.rnone1.l.a"'byphimuqiqry C5 SR
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2,2.9 Growth. c orrdí tJ-<¡ns and vÍablo counts

In most experlments 1og ptr.ase bacterl'a groÌ{¡r ln

nutrf ent broth for 3 he¡urs on a straker at 37o

Ì¡ere used. For viable counts the organl-sms lvere

pJ-ated out orr blood*base aßal:. Str:eptomycfn rvas

atlclect when Ïlecessary to a colloentration of lOO yrg/mJ-
I

of a6aï'. fntestina-l tissues cogtaínirrg t¡acterla I'JeJre

homogeni.zecì in s¿r1i.ne uslng ¿ur ultra Turra-x nj-xer'

(Jant<e and l(unkel, K.G. ). Hotnog:eníaatio¡: for 1 2

minutes dl,d. not.affect t.he bacteria significa:n'L1y.

Dilutions of the hotnogcn¿ttes for vtabl"e counts

v/cro n¡ade j.n sal.ir:,c:.

ñ" ) þ:i e cI i. ¿¡

2. 3. t. Ii¡.ni¿'¡; 1>¿:J.arl c'ec.l s-i¡lJ h ::c¡ltrti-r¡rr

1'I: i ¡;

e*1..

2"8

rïecìiurr \{¡isi 1:rcpi.;.r:'ed as cl+scri'bcd, lly 1{c-'l-1.t-"r' e'b

(lgrz:) r¡n.l ru'¡.r.5 i.ruf-r"c¡:c,l to the ttrt¡--r i':red 1:II r'iil,h

f, so<Jj-u¡n t¡ica-r1'rc-¡.*a-br¡ a:rr-l 5 '1, CÛe i.r:. ¡rj.r:.

2.3 .2 l"lecL.La. for t.lie CD ar:;¡.Li.otr. of' .tnt: c s; 1; i¡ ¡r. 1T't)

epi tJr<lJ ierJ- c; e1l.s

Trro mc+dl-a l'Je¡le u-sed fc-¡r tle prep¿{-r-'a't'ion of j.nte¡-;-'

tinal epithelj-a.1,'ce1l.s åts descrj-l¡ed by Re:i.ser and

Christianse11 ( fpZ.f ) . Mecl j.u¡n l. ( J-rrcutt;rt,ion riierlÍurn)

cont¡linc'cl r 96 rrrrrf lIllCl, I nri"'f 1{II.r[)O¡, r 5Ü r¡;]f r'iodir¡m

ci'|,:::i.te, li.1, ml'{ hla.rEll0¿*r l.:i mÞ{ Ii(iJ., 2"5 rug/ntl'

bovi-n-e s ei:-'L{nl al-ltt¡ii¡in elncl- 1.. 5 m¿1r/rul hyi:rloro:¿icì:rr¡e
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( tf Hyalasett , Flson.s Ltd. , Loughborough, Draglanct )

per m1. The medium vüas adJusted to ptl 7.2 and

aerated. with oxygen. Mediurn II (co11-ectlon modium)

corrtainedr L37 ruM Ì,IaCl , Li.5 mM KIfrPo4r B nrM NarIlFO4r

Z,Z nM I(Cl- and 5 mg,/m1. of bovi.ne serum alSurnln. 'Itre

solution wa.s acljustecl to pll 7,2 and €iassed with

oxygen/coz.

2 " 
lr O¡:al a.elrnÍn*.str:ation f Ï:ac ù eri.

Actr¡lt n¡íco ì.rej:e pretreated with O.l rnl of .n Za {" Na.-

bic¿Lrl¡c¡nate sol.u{;1on a fe+tv minul,es before adninistr:atlon

of theÌ>acteri.¿r to ueutrall.ae 6¡ast'r'ic ¡4Öid. the'b¡rctcrriar

Hel:e gi.ver: tJ.rrough a ::orind-típ1:clti. ,1-9 gâuge needle usuaJ-l-y

ín a t¡Õ-luulo of O"2 ml.

2"5 Irn';nuni- zat:i t;r.

2.5"1 V¿lcc i-na 1;:i. ol,r of ti:lìî"ci e Í'l ..J ¡1. a 11:î 't" \,r" ellclJera-e 56:9ll

For p;rrent c¡r'e.J-

rvrrelll]' rii-Ll¡ 2 x

r'f r':eJçs. For: o::¿rl,

.il¡is¡un i'r:¿rt irrn ur.L cc 1útìr: +

l-o8 -.l,i.vin¿; o:i:gerrri ntls

i.r¡rirt-rnizir'r;ii.¡n 2 x 1O?

ti-r¡rc':*.r ¡¡ r+e;c:k for 5

ca* c]:, 8r:oLlp

n:ic e

ar:cl

o t:h cr

in j ectecl otlce

i-.p. fc¡r 6

I i.ve 5691\

la (: eií s " O:re?¡elrß 6litren

r're elt af'f er

tl.rrc-.l e

ttre l-¡rst va(]cln¿¡.tic:r bl-ood santl-r.l-es ïccrrj

tcrs,'hed for

'bher¡, us ecì.

1.65

talren Jlrr:m .some niÍce of

anti.bt:dy ac'bÌ.vitY.'Îhe

fon expcr:itnents.

1? ere

V¡¡. r:*.i n¡r.t i-o¡r of mi.c a aRai.¡-rs t l{CV 569]i

Mice 1s."cï-'G i¡Ïli¿utríeecl- ¡:;r1.cn-hr*r:-r'i-1-!-y (¿.p") witti 2 x 10

l-j,".'.¡l Ïr¿rctcr:i¡: c¡Ilce a 1çec:ll .fo:t' l.G r'¡ÐÊr1{Íìe

2.5"2
I
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2,5,3 Va ccination of mic e a¡raf ns t Salrnonella

tyntrimurLurn C5

parenteral (r.p. ) and oral vacclnation w j-th thls

organísm foJ-Iov¡ecl the saus schedul-e as described

bef ore, us¡ in6: heat-kil1ed bacterl.a ( f OOo n 30 rnin. ) ,

eactr sl.ngle close contai.ning 2 x l-O7 organisms for

1,.p. fnjec'bion or 2 x 1O9 organisn'* for orarl-

vaccinat J- om.

2"6 rln'L L s er¿r

2.6.r Pre a.r:¿t tÌc¡:r stor t)

lf ice -î,üoi:e bl.ecl fr:o¡u the r¿¡tro*orbi'ba-1. pJ-exr-rs t

r:aÏ,¡bi-ts b)' 6o*r.t princf i"¡r*e ' 'llhe t¡lood ru:rs col'-1' eci;ed

j.n ste rile t¡o Lt;]'*¡; or. l;ubes, ]'ef .L far trEo lr$lr:.'.¡¡ ¿rt

r,*oûrn -h<':ni:<.¡;'¿Lture er¡-rd olrell *Ì'ght.t 4ct' îj:e b-lnacl-

C-'l-C¡t ÏJ5..fì sci.ra::il"l..{,ti frc¡;n thC Serlì¡i¡ hy Cent'rifu.s;ilti*¡ '

'I,li e s f-,rtrli.t \.Jtrsì ]rcat -irl;l cf; iv'¡,rt t::tl ¡rl; 56o f ar :10 t¡r j'n.

ancl ¡;torr.cl 'i.tt st'¡í¡.,1..1- pcr:tj.u¡is at -2OG'

a
" 2 I'ti¡i3r-r1 -5;- A11 -t i:jili-r.l:ì- "¿

Ttris ¡; er-.r-ilit 1./iì$ 1:rorltlc*d j.p ¡s:i.cc il;¡:'riun-i-zcrl pill:'cl?-

Ùer:a1]),r,.¡lttrJ^i.veor5ani.srus¿lscjegcr.å.[:lee].at)Ù\-tl

(2.5,t). f..t hacl a Lrcte¡'¡i¿rggli'itittnl!tLng titr-e c:f 1:8Q

ancl ¡ì r,il.¡¡' j.crc j.tl¿rl- t j-trc* of-' 1: l-O5 ' ''lhe IncÏ'*c'a¡rtoo'-

tllanol. scrr$ít:lrritT of 1;lri-s seruffi srl¿ì'gesttcl thiat

Ig;Ì"1 lt'as tJ.re ¡:rtltlom j-¡:an't' arrti'l--o<1y c-1-as''i '

6
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2.6.3 Mous e arr.ti- 569]3 -Tf
This sorum was obtalned fron¡ mice inrnunized

12 rveeks parenterally wlth lj.ve or6çanisms.

for

It h.ad

a ltaemagglutinating titre of 1:lQOO and a bacteri-

c1dal t1'bre of l- t 2>:LO6. Its haernag6J-utlnating ac-

tivlty was only partty recluc=d by lnercaptoethanol

$uggesjting tÌ¿at arrt,iborìy of the TgG class \{as pre-

don¿ína.nt in tkris s eruln.

2.6"4lta,blrit an-t1.- 16911 arr.cl nrrti.-OJ'/

Bottr sera were kírrcl-L;' prclvi<Jed t'ty lh'. 1{, C}raicutüpa-

of thig clc¡rarttnen-t. lLrcse sel:a lr/elîe prorìucecl in

r¡¿-btt:L-{,;s; rvít,h l-j-ve 56911 or O17 apd al:so¡:bcrl several.

tiirre s rsit} tÌ:.c h.et e.ro.'l.ogau.ç vj.l-¡l'ioEi (Neoh , L9'7f ) "

l'f o:r.c¡.*rrpûcif i.city l,1la.<t cler'lúns t'r¿ted b)' the abs e:rctr

of h.at::na-g¡,1;J-u'L:i.ntt i;rg act i vi l,y agai-ns t Siì$Ü s crl'-

sÍ L:l¡;ccl- r-¡ j-th ülre hsteroJ.oilous I-PS and vibi:j.¡cici;:,1.

tit¡:c ag:-rins t thc ht¡1;c,rrc¡"!-o¡;,:rr:i, r';LLrr:i-o (Ctrnicuinp:-r,

f9'74) . ïÌ,re Ïrari:ätr6gJ.rlL5-r-rr',t:Í-n.3 t it'rc ofl t1¡e ant j -

569n serur-rì \'ras 1;,LOOO ¡r¡.lcl a.f t,]re aLt:i-*O1 I s(ìr'l.-trrl

l:512.

2.6,5 Lìa.l:¡11:it itnt j-*Êì¿rl.¡aoric'J I a- tylrhi-rnr.r-r j.r-trn Clj

'l'leis ¿¡nt).:¡eÌ:ulr ro'a$ p::ocltrcccl i¡-v i.li*t"averiotrs in-

j ec'Lion of l:o.i.l.ed or-'gani.stus. Thc a¿;¡;lu'binatÍon

t;i.trc tes.¡-LeC against i:o:i-1c':cl CJ wa-s I ; -t28Û.
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2.6.6 V. choJ-el:ae \ 6SR sÐecifi.c irn¡nuno sl obu1ins

'fheso were kindly suppJ-i.ed by E" Steel-e of th'i-s

clepartment,, Rabt¡l-t secretory IgÀ was purffíed fro¡n

col ostrum (S teel e et a,L, , 1-9'74 ) arrd ha'<l a haem-

aggtutiner-b j"ng actf vÍty of 1¡ 6 ancl a l¡actericidal

activity of I: mB pl:otein" IgG conta:lning antl-2 per

9B acV" eho-l-clrLì-e 56 tí.víty v,rzrs purified fr<¡m $teru¡rrl

of rab1:its inmun1zecl r.¿l-th -l-l-ve orgair j-sms (St ee te et

al.. o Lg'1|4) " Th1s ptiepar¿ttJ.on Ìracl a llacj¡¡ralggl-ubinatÍng

1;'.|.tre of J-:5OO ancl a. vitrriocidal tj-tre of
t,

:l-e6.2 x .1-0" pe.tr r11g.

2 . 6 . 7 ll::,Ur.t*i:+å,1-1¡1- ;¡*: c1 ;in t; :L '"I{ a.:n 1, .i. b cr c1 1'

.¿.nti*scrt¡'t¡:'úi c; ¿ti-, 1;.ii.,'61-f-1r (*rybi -O) \'Jí-Ls pr6:Jl:l.recl fro¡t

tlre TgG (i¿:f¡crj-bcd a.[.rg'¡'c; (2.(t,6) 1:]' acìs¡¡lptj.ort onto

lr<r j 1ed ¡;,l-r-i't.arit-1,t.ic,1r3'rl ,.t (O .25 ii)-f i-->:crl 569i, or Ût-'

rri¡;1rt, . d.f..'!:,c.r J sit..J'.".i,"ttr: lii¿Í.;lìCrs tlle ¿rr']Src,':'l-rOçl a¿'r.i" j"b'(id-!r

!.:Ë1-s ef.rr.t':;cì :f:r:ot:l tJ:ri.,' J:.:rc'L't:r:i'a r" j t'!i O.2 r¡r 6l.Jtci;:r1fti: -t'

(f:fl i¿.2) ¡:.rt¡i ne¡-i[,-]'¿ri.'.i-z:'c:tl . ,'\:itj--fi1-ir¡;t'l'1"a' ;'in't':i'irorì-v

( ilir t j-""i1 ) \i í;r"..-t cl bt ¿i j tr ¡.rcÌ by' ¿r1:s ¡,'::'b-i n'{i i;he J-gtì. :['iv e

ti-r;lc:s ¡v' j-t,li bqr.i. l ¡:cì ¡i,l-u'û:¿r¡::'r-'l-rJcll3rçlr"'-f. 
-i'::;'t:d 56:Xl'

á"1 P l" o t: r. i-.r:r es 1;.i l:¡:r t -i-ons

Pro.l;cin (:::t-.iti. lrl¿r t.i,on¡; of pur.'i.:l'icci i.rttlttt"itrÒ61-obrr-Li-ils Ì';r*l'e do-

1s11¡¡j.1ir,rlI usj-.ng ¡rub.l j-shc.J c¡l'biu.+t j.a11 croe.f l'j-c.i.ents (n*Aie

e'L a.ì-" u J9'7.1-) ut ?8O mp c)ìÌ €l s.ipoc:t:ropkro'ütli¡;c'Lårr'

of' ¡:n. i, i..- O
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2,8 Detenn lna ti.orr of antí -somatÍc antibodY

Specífic anti-somatíc

tltatlve preclp j-tatlon

569F LPS.

antibodies were determl.necl by quan-

(ueoh and Rowley, L97O) wlth

2,9 Preparation of LPS from V. ctro]-erae 5698. Ð. co.li

0l-11" BV an<l S¿rlmone 1l-a t./rrlr.l^¡nurlum C 5

LPS from these strains
'l{est1>}ra.1, Lricieri.tz a.nct

wasi PrePa::ed bJ' the methocl of

Ilis tr; r (tg5z) 
"

2 " LO LIaern¿¡¡¡,'1J.rrtÍnat Lon

2 . -1-O " l- F a.s s;i.v't: J-1.¿r cnraflff I i--r ti.na-t i cn (

sRBO r{ere co¿rted r¡:ï--c}r al-l+a.-l-:i.-treaÙr"'d LPS of: t}ie

test or{{{1¡ j-.sills (Cr..r¡,-rpto:r c;i; al-, r 195S). 'the Éì€}'1-

si_t;izec ¡-er.l cell-..s r,,c3î(ì a.clrJ.ed t,o tr¡c,:Ílcllcl di-J-tIt,;ior:s;

<¡f the elp-i;ú,br-l¿y ïl¡eili¿l-atir:n í{¡.d :Llcrrhate:tÌ at 37"

f.'or I+5 rrr j.r'lrrtcl,i . '.lh.r-; h¡rt1 iirai,íÊjJ-ut j-:¿-ra- b-l :rg crzcipoin'L

l¡.rirs I' GÊ¿cì ¿rf 1.er .ãt f't.lrttri.er' 3 ltr:tlrs ¿tt rOOEI -i;elitp era-

ture. 'I\hc cletails c¡f thi.s tc¡:;t Ìr¿lvc been elescr':Lbec!

elser'¡hi-:re (Ârrzi.rrs, 196f3 ; Neoh, 7-9'ir ) "

2. 10. 2 Merr-'apt oethanc¡,1- (P-tt lì'! ¡s¡i1¡c-i;j.cn cÌ r*-sé

rlo o)1c v<llulne o,f serLrrn or a¡rtibocly preparat j-cn. au

ec1gar.l volurne oJl A,2 rlr 2-ì'lÐ irr PRS pI'I /. k wasi atlcl<-rd

ancl J-ncut¡atecl a'b i7a for t hour. l'h j s nixt;u1'e 1{;ìs

tJ¡e:r tr-rst;e:cl jn a pas.ï j ve hrlc:tüa,351 ut j-na'i;iorr tes-i; "

r¿s)
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2. 11" Bact erial asElutinat ion

Serl-al dllutl-ons of antibody were made fn PBS pI{ 7 '8'

An equal volume (o.5 mf ) containlng 5 x 1O9 wastred bac-

teria (uotteo. for 2 hours or l1vj.ng) wae added to each

tube, .¡.ubes were incubated a,t 37o for gO mlnutes and

macï'ocospic agg-LutÍna.tíon enclpofnts were read after L6

lrours ¡rt 4o .

2.L2 Bact er:i.c i.ela1 Ír-s s ¿Ly

¡h1s tecSniqr.re lr.as t¡een descrÍbecl (Ro*rleyn 1968). Serial

rli,lutions of an'bibocly were n¡Íxed rvÍttr eq-u.al volurEes of

guÍ-nea píg íìeI'um, di]ut,ecl 1:1o ancl c<rrr.L:ri.ni'ng ]- x 1o5

¡s¡-¡shecl t¡¿¡Cte.r:ia Per ¡rt1" l,ftc:r i¡rcub;¿tiorr fOr !C rii:Lnutcs;

art 37o v.iab-t-e cournts îcere cl6:ter'minecl ol1 c:ach d:i-l-ut'1on"

1L.he b¡rctc:¡:icirla-l errclpoii::.t r,¡as; clefi:ted af; the h.:ighest

rlii-ution o l tl:re air-t,j-ficï:.rrn ¡1.i-rring 50 "þ lcÍ.-11i'r:-g of tJ'ir:

crei¿ili sliis. cont¡ol-s r+ith 5\rir.r-t:,i'l ¡:i6 sGjl:L1lÍi 1'Jcre i'r.:¡:1t¡tl ed

i.r¡ s¿1ç:h ¿rssaJr.

2.13 gg c1:i-oar:: ti.,ve l aJ:ç,r l-.1 i ¡: r'r a f t¡a.<:Ùert¡¡-'r+:i,tl: Iì
.t)

V. ctlol.cr-¿l¿l -t¡69n or o1;llcrr h¿rctcri-a lt'eI'e l-a'be¡11ed r+ítir p32

as descri.ì:ed by .renli:'rn arrd 1ìora'ley (f q6:')" To 1O n¡l- of ¿r

loe. ¡rha..r+e uutr.i. l+nt b::oth culture of tlrc¡ or'-g'i-tnislits o'ns

"t)
nrC'ti o':f TlJa ¿l$ phospì:ate r¿;:s ¿rclcled and tho b¿rcterria Srown

for a fu'l,her 3 hou-r.s; orl ¿ì s¡al*el' at 3'7o, Thc+ bacte¡''i¿r

viere r.¡i¡.s;hcd four tirjes al}cl lres'çr*. pend cd j-n 2. O ml of nu-

tri.cnt þ¡crtìr. l'he ¡-ru¡r¡f¡Ûr of vi¡¿b1e organ'i"îm's/ml v;iLs
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estimated by platin6 out varlous dilutions 6f the radj-o-

actfve 1abe11ed cul-ture cln agar plates. Tl're radi.oactivity

Irras ntea.sured on O.J- ml samples on filtel: paper and count-

ed 1n an en.d-w:Lndow*ß Chlcago-courtter" The specifìl-c ac-

tivlty of the bacteri.a =

c trn,'b s mi-n x 1OOC

viaÌ:-l-e org¿lr1 isms

!i¡íi.s lrr thc-: rar¡ge of O"B 1. 8.

2 " 1.4 I¡rl';:,ut; n1(ius e l;rotec'bíorr test

T1rí.s t es i. is lr¡rs ed oi1 the fÍncl:i-¡¿çs of U,j i,)re et aJ. . ( f 9'iO )

¿rnd has bet+r¡. frtrth err dcvel-opc-:<ì b)' Neokr erurl lìor*.Le,1' (f çZA)

¿+r:cl Clrai cLtiïlirer a:rrcl lìct0,.1. r*i' OgZZ j " 1\. J-og phas e curl't¡'¡::el o f'

569]] ccntai-:rilg 2 x J.O'/ livirrg or:galisuls l.n a vol-Lrme r--¡f

O,1 nl1 rïrire ¿:;Ì.r'erl c;r:a.1. 11' to 5 6 daY o.J.d ¡ti-ccr tlri*or-rg1r- e-ì

rcl¡.rrri.-ti-pped 22 cî¿ì-u¡_ì{: 1-ìc,.,dl.e. fi;.c: .i:locri-l-u!iI 1{as irrcu,lltr.l;c':cJ-

at 37o f or 2(l ulj-¡iu-';os rsj.'Lh e'Ltho:-' ltÖat-':i-nlio-i;ivat(::(i rriJjlljll"-l-

{Ècruri ot:' ¿rrltisc'r-lr1t" Abnr¡t 1B hclrr:û ¡rfto.-r ot:¿.i1 c}ra'!-l.e:nr:c:ì

cJ j-a.r¡:'hr:e.'r cì,evc1.cpe c1 a¡:iì ht.r1:tqérrrlì. 24 arid ll [] hr:urs ¿¡-f 't<:z' ;i.ri*

f e,ct j.611 7A lOO 'ii of ihe ¡nj. Qrì 1'rex.-c clr.:¡,r.rì" -An{;:i-bot-}y g;'i-vc'n

t6¡-3etÌ.ier ru i 1;i-r the ino,-:ltl.uli¡ o]' ínj +ct ecì i " \' ' or i. p , p:i:i-oL:'

to or:,¡rl- ch3. l--ler-r6iù pr:oLectccl t.Lrc utj,ce.'L']ri: clj-l-u1,:i-on ol)

¡¡l t j- s eruru ùhat ¡-rr:o Lect e;el 5A dp of' ttle j-rrf i;i:t nti cc (f n56f )

from ¿oath (o,t I+B trours) r\ras; c¿:-1culat¡:ci by t;he methr¡cl a.f

Ite ed ¿rncl l,fu errch ( f g: A ) .
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2,L5 Preparation of epi.th.eli.a1 cel.ls

Intestl-nal- epitheJ-íal cell.s r¡erÕ prefiírred by a modifíca-'-

tion of tl.e method of Reiser and Cl¡rl.sbiansen (J-gZt).

Adul.t mi,ce were lcill-ed arrcl the entire sm¿rll intest'lne was

removecl , bisected, p1:rced in j-ce-colcl salfne o and the lu-

mens fluslled rr'1th íco-cold sarl-ine. Dach i-ntestinal 5eg-

merrt was liga.ted at ono cncl ancl inocula.t;rcl with otle ml of

prerãlerrìrìeel medium f (Z.t"Z), 'Ihe other eud was IÌ.¡gatecl ancl

th.e segnient ptaced ilrto ¡¿rr tr}"lcìll.nifiy+]r' fIask contain:ln¿ç pre-

rir€rr:rnccl llan.kr rr medi.trm (2,3,t) plus one percent f'oet¿r1 calf

seruni. An oJiy¿îen..-carìrcn tti"oxi.ile lnil:1,utr'(ì Ì'Iõ).{i bub'rrJ-ecl

throi-rgh 'l,l-re tilcrfi.u¡n to obtajrr a- pT{ o-f 7.O 7 "5" 'Ilhe J-i-

ga'1,e6 seg-ircc¡'fis rfûre i.nc¡rL;¿ttertÌ '¿¡-L :l50 in a sh.¿rkcJ: l\'¿ltcll

batlr. fcr 2O nii.nu'Lcs u thcr¡ ¡:1,:lcccl o:if j.ce ;¡:rcl thtl J-lrrneiis

flusillcc!- rujth. íct¡-.co1rl s:rlin.c,, t;o r€linov+ cleb'r:'j-s il¡¡d IÌiLtcu.q"

I.{ ç:rl .i r:.rr¡ f f- (2, S " Z) 1..J;:ì,s. :iuoq:til- ¡lt crtl tt't.t'<t c¡r'.t:i¡- r.i ûgillûn1,: *'hic}'t

\:rê.!t ¡1r:rr-ù-¡._ri pa.t:tcrl oÐ j..oê ¿iTl{:l -i;ìrr.: ct:¡i,i:cïht'.ç cl:i.s;c¡¡r:d¿¡d " Tl,le

k'il fih r+ j.tlr ti{ir{.1 i.t.¿¡jI J--i- rr'l¡i ï'r:iIlo¿.:r'; od tv'ic(i r¡Ì'Jl:€} a-l.rrl tI c-': r(':'-

ctlvr,rJ...ciii- a1tÍ 1,ir<,. 1, j-al^ cí;-L-l.s '1:'-Lar.:e.:rJ ûtr :i-cc¡. iI'Jre+ cc-l. ls lrrL'j.Ì:"lJ

gcr¿t.l 1. prcsi;rj(:ìrl t.Lrou¡;l: i:ì- ¡;t;:j-.-r:.J-el¡s st:t.;i-:1 lrrj-r<:'¡-,slJ1 e

liri.r-s].rr,rd i-rl 15 iril- mc:tì:i.nril .l-.1- :ti 1;t.¡atr i ¿L.1 j.¡t:ir';;L¡lr lîesirs.pc:rtrÌt:tì

i¡r 5"O lri.l- Ìl¿r.:tr.l;te; nrtr':j-i.rt¡tt ccrniir.lrri-ngç ol1{4 T:rcr:cen-Í; f"<¡cÈal-

calf sJerliì.ì¡ n l-'rc¡:ari:i, { y t¡ni b st/ntJ-) ancl i.¡r.rr:il-Ír-¡. (: r¡ni.,ts,/itii )

ancl ¿i¡l o:{}¡{Ici't*ciìri)o:¡-r clioxi.clc uiixttrl"r.:l>ui¡hl.ed tlrr-'ouglt..

Cel.l agg;regates Ì{ero rc,u:ovccl'l:}'1".¿.iyer:Llt{ì'Lhe, lìL1spc}:.si.cu

or¿(.:ï. ,\. O rn-1- foe; b¿t.[. ÇaJ-f ¡iet-'llffi oll icc f c:: ]"O trij.nt¡tes nricl

r,.enovirrg¡ thei e;u¡.Irer:t'i;¡i,¿i¡r't ccr.rte¡i:r1.:",,1i {.:1lt¡ si-n¡:;}-e <-:c.L-1-
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suspênsíon. Total celI counts Ìùel:e d,ete¡:mined on a

haemocytometer and cel"l vlabil-lty was asses€¡ed wlttr

O,2 lL Trypan Blue to ensuro that at l.east 70 ft of ttre

cells were viable.

2. 16 I{istolonrr and i-mmune-flr:orec;cence

I'rozerl s ectlons or smears

f'or one ¡nJ.nute, clrj"ed atrcl

'þrere fíxed in

flooded with

rc f" nrettrar¿oJ.

a 1 : 2O ctilut ion

of rabÏ:ft antÍsel:rtln to \¡, chol erae 5 69fr (haerna¿¡g.lut ir:at i on

ti_tre 1: 51"2 ) f or' 30 rninutes .Ln a ¡no j"s'b atrnosptrore. 'Ihey

.h¡ere was;herl tr+lce for five r¡rj-nute..: r+ith PllS (ptl 7.1) and

redr:ajnecl" Tho p::eparatiçn.'; \.,¡or.e th-en cc¡verecl lvíth

fl¡rç¡re..;cein*J-atrc, l"l-ect gica'É;;rnt.!-.-rabbi.t g1 otrrrl-iri fr-rr f0

min.ute s. T.lre f lt¡c¡resc:cin-con" jugo-'lrect a:.rtiser'Ltni l<i.nCl1y

provicìecl þy'Pr¡f. N.C, Nair:1r,, l'.fonash tinj.ver:r:.1 {;yr l'fe1'bottrnet

Âustra-1 ia, Ìracì éì pï'oteirt C:oït()ent¡:ai;ion of -ì,20 ¡r¿';furl a¡:irl :r

f J-rro:ic"r¡,:c(¿Í.:r to trrrot;l-'*-r, r"¡rtio c¡f 3.8 : 1. t-¡" f:iar:;1:l-es If tlr:*

1{a¡!hÐfl. i:t.':l-ce a€¡¿i.n as aJ.}li\'Ê anei I¿rr--)t:.llterl Ín buiff'ered iJJY*

ce-r-oJ (pII ?," (t) * T']re f'l.uçr'ç..iìc$n1; b¡r-cL:{rriå rccrc eli-élÌn:ill-erl.

trs i.31g ¡:rlr O]-¡.ta¡rt:s Ì'1 6{c.l. l¡i-,Ì'f f'-1t.lo-r:er:it.:e¡Lce ¡lt:i'iìrû$cçpe lt.Li:tr

a 2 n:nr tIVl- exci.ter f.i1t;r:r'i-rl-¡¡l a l,f¡.'atltc:¡. ?1.-l l¡arr:Ler fil.-

t,er'. 1'he speci-ficity af i:irc f'luo:-"csceín l.abeJ \'¡íÌ"s de*'

motlstr:¿rtc;tl in irrtcst, ll:¿lJ-,'.¡ ectíons r'¡i thc¡uû

which cl:Ld not sÏ,¡or'¡ fluc¡rer;tlerlcc.

\¡. chc¡.1,era c
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2"L7 Statistl-cal nettrods

The clilutlol of antiserum that t¡i.11- protect 50 f'of the

lnfant nrlce (pn 50) from dc:ath ("t a tirne wl-rep more than

gA Ír of t¡e con'brol, rnice had dlecl) r,ruo.* cal-cu1¿¡t<;cl by

the ¡netl:rod of lleecl and Mur'rltclt (fl:A). 'nre Lr-test of Mann

and l{httr¡ey (hteber, 1973) rva"s usecl to tlcrtcr:'inj-¡re the siß-

rrif'te¿trrcìe of clj-f:l':eren,e'.Ês belbì¡een tr+cl groups '
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CI{APTE}ì 3

INLIM]-NA'TTON OF V. CI{OLE[ì.AT) 6 B FIÌOM TITA GÂSI'RO -IN'TDSTINÀI,

'TRACT Oli' A]]ULT }.{ICIN

3,L Introductlon

rn gerr.eral, aduJ-t alllmals are not or l1ttle susceptilcle

to mucosal infections ofl ttre ínteçtine such. ¿às cholera.

consicler:aÌ:l-e alteratÍorrs of the norrltal ptrysiology of the

intes;tlne procluced" by .starvatlon, pretr:on-t¡nent r'¡tth

natrium-bica:]bon.ate and morp}.i.n or alt er:at j.onl+ olÌ the

nornial f.l.ara hacl to bc accepted :ln mociels wlric}. ma<ie

Lls e c,f acluI b an j ina.1s ( B,.orrorrs e'1, al. . r 1-gU7; I+::et e-r, L95l+

and 1g5(t) " Si.r*i.-1*r:.ly, j-,rol-¿rte¿ itrtes¡tí''ä1 loops (ne and

Cha-ttcrjc,re, 1"953) r.ririch Ì¡¿t\re tree¡l e}itenfì:Lve.1-¡r trs€rcf t;cr

atì g esis viitrrl-ence of V. cholû1:"t!.e rrl: .S:_..g¡r_1-l s -L :-.'airr¡;

(I-l'uc};er- c-t a-L " , Lg6? ) ot" ¡.rcten.cy nf ïacl: j-rrzrt; j-on ¿r'ii'-i å111'-

tir:e ra. (Jer:1ti-ris and. Ir..lø1t-iy, 1960; p¡ete::', 1'9{t4; Ki;'r;;r'i'

¿¡.nd ]lrrr-;-c,.!.s, , 1-966¿ ìi.arr,:: ¡rn r-1. li'.rr:r'çt'JS-r ¡ 1969; Iri'rrk<-:-1,,'-;tcirl",

1-97O) nrerr+ 1, 1-i-lreI.y aff cc h tl.r() r:a.l"r¡r'ri-l- l¡la$lleci-f' j c rcrs i'ritíil1cc

of *he a.nttnals ì:y aJ-te¡j-pg 11ûrÌfi;i.-L plai's-i.o1-o¿1:Í-c;rJ' 1)r"crerìÉìftes

irr th.c,¡ i-nt es ti-¡re .

rl\hc rerslst¿¡-rrce of un'1,¡:g¡r¡.t€:d i:.dr:lt ¡rl-ice'ba chc¡J.er:a i-s

parirlJ-er.l-lcci b}' a ri*pícì r(:ino'¡ aI of' tTre org¿¡-irí"i¡rts f'r(}rli the

gastrc*iri.best:lper1 tr"¿rct (Cnr,ieunrpa a¡<l Iìor+-1-e¡ro L9'72) " O'n

tlre ccl]ltra::1'o j.rrfartt' ntice ílrc rìtlslceptilil c i:o chol-errr

(u¡;"i.y* e,¿ êl-., Lg6B) a.ncl ttrc v'.i-br.j.Qs nu1'1.:.ipty j-n ùhci:r'
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intestlnaL tracts (Ctratcurnpä ancl RowI'eY, i-972) '

Sfmilarly, infant rabblts (nrtta and llabbu, f955)

chal-J-engetl orally with 1.ivíl1g organfsnre deve.lop fatal

choler.a and lncreased numbers of vlbrl"os c¿rn tre founcl

fn tlreJ-r intesti.ne (Feel.ey, L965), Tt J"s most 1íkely

tinat lnsrrfficJ.ent devetoped unspecif,lc factors parbici-

patlng in tJre raPid ren10t'a,1 ofV ctroJ. erae fronl ttre in-

testÍnal tr:ac-b of adult mlce I¡1Íì.)r palt-1-y be r:'estr)on'sj-l¡l-e

for tlrc lncreascd susceptibtllty of i¡fanù mi-ce to ¿:t

choler:a ínf ectl orr. It 1vo11Lcl , ttrerofore, þe i.t¡'terestín'g

to aner. l.5rze thes e f actor:s j-n adtllt; as wel'1 as i¡r' inf¿u'rt

mj-cc. In thJ.s chi,rJiter thc j.nf luenc;e of ull'specíf ic f¿rc:tors

on tl.re r:ate of r:erti'oval- a-n<Ì l<illr'ng of I¿--f^J:gL^Sr5gg front

the ¿1;e.rstr:o-ir:,testÌ:r.a-.1 tr:¿¡.ct ctf ¿¿ctrtr.l- t i*i.ce l¡.as bte:e-ü

s t.ur.l i-ed- 
"

3 . 2 ï{ a t e ¡' ,i, a .1 ¡; i-ì-rÌrj n:, q=, i1:. c.cl s

3- 2.1 Ì.lar:t t.:..'j t.l sl t; t'¿¡. j.:t:;

v. cirr:¡-tcr:ae 5691J (;:."2"t)

jÌi c5 (tt"i:."A)

S ¿r. 1-¡u r.¡rt c -l- 1-lr tvnl::l t-rr"rr i.i-ri¿r Þi 3C 6 (Z " Z . ? )

.L_gsL.L ol1r Ev (2.2.5)

All. st::ai.ns Ì¡eïte usecl Íìs strr'."p'l,otttycin r:cle;is l,a:¡ït:

(sn) rnuta:'rts; (2" z" 8) 
"
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3.2,2 Treatment s and subs'b ¡¡n c e.9 us eel t o

influence l.nt es tinal- cJ-ea.rance

A) Star:vatÍon.

dust for

cleaned

wat er: ad

z4

to romove

l-:ibitum.

Mice

or 48

ritere kept wÍttrout food and saw-

hours. The cages were frequentJ-y

the clr:oppings . Ttre mi ce rec eivecl

B) Lanarotcrüy. Mice were arlaesthet j.sed. rvíi;l etl.er

a.nd a laparotonty was performecl . The incísiorr t'¿rs

qulckly cJ-osed rr¡ith a suture and the mlce chal-*

J.engecl o::al.ly v¿ith V-"--9þl--gH 56911 30 rninutes

a.ftc+r tl,le J-alrarot'ctnly. ,After 3 hours thE¡ nri'ce

vIe-ï.'e ltil..l-crd ancl their j-rrtest:i.neis prcicessed arì

cles cribecl al.rove (z , z. .9) ¿rrrrJ in (l . z " Z) ' Contr'ol'

e:rf i er irn e-rlt si

nû eflfect ún

shclved thal, alr,ae$tlr-esia- a].orre h¿rr-1

1:a.ct;eria frcr¿

'hlr*: irl-iÍJ i{:y of rrrlc e tct remove

ihei-r i-ntesti-r¡es.

c) ]1 1 t,,*cJ:i ¡lai" ¡-1.1:cr¡t O " 5 tnl af t"r.l..or-icl ¡"ers t;al'lilrr f'rc-'rrt

tl.re ¡.erür"o*or.i¡ita.1. vclis.o¡-1 S p.l-e>;.trs of' ear>h. ì'l1OLl,S(ì.

Âfltei: JO uri"rii,itr.rs tllt;*;e trt.Lce were or:;+1I¡' cl:raJ--

J- cnged r.ri-th Y. cila,l. cl"ff(-j ¿rnrl thc v j.¡r1:l c or¡';an-l sni:;

\.Jer."c deterlninerl j-rr 1;hei.r sma.l'-i- i"ntesti:res '

D) Li, ol. s ¿¡- r-: ¿lì ¿rr:i d e . ,5 am¡r -l es ìd c,*: e

V. choleï'ilc 5691r and E, co1i, 0111

pre¡:i;.r'ecl frorn

Bv (2.9) ,

Zsinc.t:n r:,¡t, (S i-5;,r,n- Chcl¡ni'c¿¡'1 Co ) 1ìIasi r^¡ashêd sevc)r¡;r"1'

bcJ.1i.lr'g C.9 7á ttaCt ¿rncì riLrrsPellded tib

i-n O . 9 :í1,, I'l aC -L "

t i,rt <+s i"n

10 mÉi¿/lnl-

E)
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Colloidal carborr for i.nJection conslsted of

Pellkan drawlng: ink dll.utoel with O.9 f NaCf

and g:eJ-atl.ne to a concentratlon of 1OO mg/mL'

10 ng rvas injected into mlce either i.v. or i'p'

G) Atrop:Lne sulPlrate

lmmediatelY and 90

'Ihe dose given rvas

rnorlo}ryclrate was lnjected s. c.

mÍnutes af ter oral chal'l cÍréf e.

. l+ n€/mous e,/tn.¡ ec tion.

Pros t ig;mi.n J,a Rc¡che) vra$ glven orally 30 arrrl

t.o starvclcl ¡níce.

a v<)l.tt¡re of

(

pO rninrrtcs

Eaclr Ìilous e

af t e:: oral clr.all ellge

received O"O2*5 mg Ín

O.3 nll per dose.

I) lÄLZLr,ll-Ut phos¡:!:ate (ìioch*l,j ¿çht Lal'rs )

ora:1tr)' 30 ar¡.d 9rJ

to starverì mi ce "

mi.rrrrtes aflter o::zr1

Ilac:h rnüuE, {t reìcei-vecL

was 69lvc,:n

cha-J-l srJL#e

5 nB'p"cloe;e"

r) [i í::,,.: e:î.r t c suL-1:bate . Gnc ofdo.s e

2U or

)O m€ r{iis

Ì'rou::s h llf'ar-e

Þti1.lt:¡- anrJ

{îi\.()rr oralJ-Y 1''a adult nlice

ch¡¿.'tr^J-{:ìÍ1,{;o rsj.th t.irc tes L o-r'gc::r-Lsnte

Bchrrtr+ff r 1.9ó3).

3.í¿"3 JþpgÐ,ii, r:.¡r.t rr1. I) rG c r¡ clil.t:'c:

,+B

(

¡lclu-tt tr¡i"c(i' ÌEer"e

of ¿Ì lcg-pJi.rse

mouth thr:crr.lgl't ¿t

exper.'i,utent s th e

krJ: car:br¡rr a't o . ./tt

B
6iveiel-ZxlO 1 iving orgar:.i-ssltts

s tr:eptotrycirt*r'cs j.st¿rnt cultrrre by

rot¡rlcl.-tippercl ne¡ecl-l e (z.l+). frr Ir¡os'b

rnice rrtel'e 1r:r'etrea.tod rr'ith sorli tlnl-

1"ÍìràoLts ti-utr,ir¡ af'bt:r claIJ-eng,'e the
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mic6 were ktll-od ancl stomactrs, snlall intestines

and. J-arge lntestines w@re talcen out separately'

Faeces were col].ectecl ínto a bottle of salJ'ne

durl.ng the exper:iment. Â11 ttre sarnples ldere homo-

genlzed in an Ultra-Turrax hotttogen-Lzer and O.1- ml

of suítat¡le dilutir-rns of the Ìrgmogenates urere p1-atect

out for víable counl,tne( 2.2.9 ).Itt experi.ments where

p32-l*rrel1ed bacteria (2.r3) were usecÏ o.1 ¡nJ- of

thc* undilutecl homogena"tê l¡'¿rs oounted for radfo-

acti.v:Lty as descri¡eC above (Z.1-S). 'fb-e total nuiîr-.

be:, of J.i-ving organisms a¡¿ the total countø/rrrltl"

reeoverecl r+ere calcrrlated and e:cpressed a.s er per'*

celltage of th.e cLtaltellËû doe e. sotne rcsults \r'cre

ßÍr,e¡l ¿rs the sçrecifi,r-: a.ctivi-ty of'the r-"ecove;red

or:garrisrns (see Z.L3) 
"

3. 3 ILe*qgU

3.3 . 1 Jf i- s; {: r'i'bu L i o:-t o f V e lr c l. o r'â t:' \ 6{i ß :1. :rr tll c R¡,i S tf tJ --

f nt e ç;t i*¡t 7- t f rrf: t O f rr;--' T'¡,t ¿r. l, lir "ï- C e

Jn mj.cc rshl-cfr h.acl ri.ot Ï.¡*e-n, ¡rr:etr-'ea'ted v¡l" t:lr scel jli¡tt-

bi.c¡rrbarraJ.e 99 f" of th c c¡ra1 i¡rocuJ-urn r{¡1.Íi }qj".tl cd

in the s'tE:macþ ¡"rj.thi-¡r L5 rnini,r'tes" P.r:e1;re¿rtuttl:rl'b rvÍ'Ul-

ZO #, sod.LLr¡::--l¡icarbo..-l¿rte ír'cr,'easq.¡d the nuntber o.f'

1i..¡àng; or:åIí¿ni-sr¡;s r.eirchi-ng ti:re srual..l i.ntesti:re to

a-lro*t l.O 30 /" of the ch¡illellge dc¡.s t+, 'l'a¡le l ' 1

s1'ror','s the fate of P
4.))'* --l.atrc11 ed \r' e1:.o:1" (:r"¿:Le orglrrti r;rns

in.blra g¡s'l,ro*intesl;{n¿r-l- 1, l'¿¡-r::ts of'n<¡t'¡l-,¿¿f. n¡ir.:q: ovâ\r
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a period of 5 Ïrours, The labelled lnoculunt passed

very quickly through the stomacl. and after 10 mLn'

?O ll cot¡lcl be found ln the s¡nalI l-ntestíne' 'Ihe

total nurnber of l1-víng organfsms in the gastro-

intesti.nal tract remained constant rluring the first

60 ml-nutes a_nd f el-1 ùtrereafter to a ver')r low level..

t'Ìre mechanícal mclvEr¡nêrrt of i;hC radj.ozrctí.vÍty ¿r-nd

11-ving org¿r:J-sms lnto t}.e J-arge j"ntest ine rvh iclr was

o'lrservc¡tl bertrqeen 60 and 90 tninr¡ùes cc¡uJ-d not account

for tlre <lr:¿:¡¡natlc fal-1 in r¡,un¡bers of -Living organisms

in the snlal.l {:,rtestíne. Or/*:r:' this perierd ofl ti.rue t}re
.)a

P')* reco\rcry íir t;ire "sm¡rl1 lriÙe¡;'l,j-¡re rças allnost

lr¿r1vetl (frcnr 7l't to lto /") but the ntrn:bers of 1i'\¡:LÏrg

crr.gagj.s,os feIl. nrore t¡a,n a t;housandf*lcl (ZO # ti¡

o. 01 f") .

Änotli.er r+ai' gf' exii-1ies:i i.n¿¡ tlL j s j-¡¡ 1;o rro{; e tl¡at tlie

$pfj() j-flj <; i.rr.:t j-vt.by ¿f tlre r"j..¿¡.tr,le bac'bel.r'ia {n tÌ¡.t:

s;n¡¿:¿ [.tr j¡.:tcstá.ne luc¡:c¿¡¡;ed f'rr¡r,¡ 3 te¡ 4-Of¡O Lrc-:'l;r+et¡tl-

60 ¿rn,il gO n.¡inu.Lcts. 'JlI-¡c nrcst -1-i-ltel-y cxi:J.a,]1etJ-o-rr for:

t1re ¿ìri:upi; (ircrCrre¿i{l; {.r Of -1 :i-r¡ j.n{:; Orga:'-ii sti;S a.¡rrl f;ire irr'-

cre¿ì.çe tif lìIlecj-f:i-c ac'bivir'i;y:Lr, tlee sti¡':'ì11 j-¡1tr:¡¿ti:r<:

be'trscorr 6A anel. go rninutos i.s tlr¿rt ult1rolrgi'r cc11-

tinuou.s lci. 1-1,ir.-rg ccclr.¿t:s clur:Lrt6'bl:e f.i.r'st 60 ¡níntrÈes

ttlis is rn¿skcrì hy tþr:¡se or.¡;¿:.nj.srill+ r!'hich. ¿tre less

fi.xecl to ttre intesti.na.l. ¡.¿a.l,l anrl r"npídJ"1'mot'rid't;o

tl¡sÌ i. l-eurn j.rr a 1"i-v5-ng st;¿t'bc. T.'Ïri.s j-s clc-rt'Ér:1r¡;t::¿rl;rrcl

i.rr T.,a_b_'l"c 3n2-r¿lre,rl.c thc c1 isl;rj-t¡tttjorr r¡f livi.n-g
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Ta.b1e 3"7: Distri"outi-on of 3tn-t*oe-Ì-ied \r, ckro]- erae i-n the gastro-intestinal

iract of norrnaL mi-ce a', I'a:'ious times a.fter oral cha.11enge. Nugrbers

represent percent recovery from inoculum. Ðactr point represents an

aves^age of ZC JC rnice, rl.vera.ge dose given orallyz L-2 10" organisms.

Time in
ninutes

1C

3c

É.1,

9c

18C

300

Stoma.ch

l- j-v. org " 
'¡r

o .25

o"ol
o. oo1

o"oo1

o.a?

32p
Snal-l intestí¡ee

't'
-Ì-iv" cftg. rr-P

Large intestine
??liv. org. )"P

I{ho]-e G.I. Tractx
32p l-iv. org, 32p

Faeces
l-iv. org.

o. ooo].

o. ooo1

o. ooo]-

o. oo01

O. OO¿+

o. 01

3o

22

r-)

it

a-
I¿

18

1R

/v

7o

.l lt

l+O

3a

r7

10

1

1

1

1

4

4t

18

18

3O

6

2

100

95

100

9a

95

9O

o " ooo2

o.5

6

2.4

L,5

1

o

a3

38

5o

3o

c, 0oo9

o, cool- 1.5

* Liv. org. =

A T\.IO .L¡

^ 
D1

Li.ving organisms

Gastro-int es t inal-åf *'
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Table 3,2t Dlstrlbution of 1Íving V. clrolerâe and P

l-n va.rious parts of tl.e smal1 i.ntestínc.
lìecovcry i,n percent of lnoculunl . Averilge

o
dosc¡ l- x l-O" orgarri.otns/mottse.

Percr:n1;

1iv. or.éí. 32v

af-bcr 30 niins

o" ol-

32

r:ecovery of
1ir'. or{.i.

af t er: 90

3zp

nri ns

S'b orn¿lcLr

Sma.1l". intes L.i.:le Ir¿rrt I

¡rt,lr:t 2.

r: ¡a i:t 3

¡:art J{

L:'r''¡;e intcst-incr

o" o2

o. -l-

D'

1(,

r5

20

r.9

/

L2

o"oCI2

O " OC'1.

0"oo1

o"oo1

o. û0:l

6

J-2

,-,

r-8

11
t

10

'J8

6

o.5
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organisms arr^d. P3?- 1s shown Í.n four separate parts

of the smal"1 intestíne" AJ-tb.orrgh the rlist.ribution

of p32 is about oqual in eactr quarber of the srnal-l

intestíne the Il-vir:g organisms are al-l found in the

parts representing the j-leum" Betwee¡r 30 ancl 90

ninutes t} ese l-íving organ:i-sms \{ere ¡novecl lnto the

1ar6e íntes t-Lne ancl ki-11i.;ng of tho bact er-'J-a' re¡na j'n-

Irg in the sm¿rl1 intestíne Ì:ecalite obv j-ous. There.

a.ppea:r-eci to be a similar an'Libacterial effcct in

tlre J-arge inter.¡'Li.ne betrøcen 6O anrl l-{3O ¡ninr.ites

(Terble 3. r).

pír-s.e ra"pi.ci1-Y

t}.e nuurlre;: of

t;esti¡le a.JÌtò::'l-0 nlj"nul;ers ¿1 1ar:gc pr-ojJort:i.cn rcas lçi1 l-*

ílre s¡u;rl-l- i-¡rt erstitie,ecl tl.rrrinp; th c.i.l' pa$ rìår-lÌe ttr::ot.tgh

f 'b seeffsj cl.ear th¿lt V " chol,e l-'¡rc (rt:€iar}]- srns

thr:or.16ir tl"r.e rdous e

1-i-vin¿; or¡ç:rnisms

sìual-1.. lrrtesti¡re bu"t o'f

r:car:hirig t-,he srnal-1, j-n*

3 "3. z Jtli.:_,i!_.."q{*S

Â)

:i {'-Cer-c¡it -tr r:c:¡-1.í'rttìtrrL ¡; {ill'{:}r¡r c L e¿i.'í'il-ti,c o

sf' J. : -.. -qjirî J,.gr.íi,.:- -f::x,å . -!.h-L * Ê, a s i, :: t -'i,vt t e ¡;'t. .i.rr¡rJ. t; ¡--;e c t

vtj 1, ¡.- c¡ rl j, rl r,r . 1'l.r i s ])ítT.=¿r.r:ì:ì/ïlp.r t,11 ,í)iri j i;r.iù t;ic d.l-ug iul: j-T; j"-i:s

pe-r.Í-r:;'i;a,J.¡¡-iS a.rrr-l ,eicçI'etj.O:r j.n the ga.sl:t'-t^.:i-tr,tt:rr:t-j¡:¿¡.1,

tr¿rbt;.'l"Ilren iljcet*cl Ír-1'ç i¡:.i.cr* t-:efor:e c;]14,11.r:rl¡.;c

rçi-th ]|-.1..-Sllt.-lfU-gS, ¿{;¡1-'p.!-nr: r"r+dur:¿d thc, niectrani.t:¿'¿J.

:r'err¡Õr¡¿r.l- of.' the ¡t132 -.laltol-le;cl orgilni st:ts :iîrolir t;]tr:

stoir¡acl; ¿r:.rcl sn¿r1.1 j-ntest j-ne (t''i$"3,1) . 'l'he firrd*

J.ng tirat ll" 6r'c..rter per:certtieg:a of orß¡1l1 ,i-s!Ìls s1ì.i:*

r¡:i-vr:d. irr t.Lr¡ storilacl¡ r'Ja-r:i p;.'csunt;'tb.l-y tiut¡ t;o th-e

iutril:.lt j.t-''rr of gas bri-c nc j-tl .secrct.tcn. tr5' 'bhe at::'o*
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p1ne. During the períod of tlro experiment tlrere

was no reduction Ín the number of lÍvi.ng or6ianisms

in the snraJ.l intestine (!-ig. 3.2I ,

I¿aÞârotomy, Laparotorny trad att inhibltory effect

on peristal,sÍs (pig . 3.7,) r,tt.ich was rr.ot so ¡narlcecl

as i.n ttre atropine treated míc.a. This was indi-

catecl b]' the delay ín stomaclt enrptylng but i't' may

be nc¡ted th.nt the organj-sms remainfrrg in tl¡e sto-

rnach Ìrter"e lncstly tci1.led. No an.tÍhacte¡:1a-l effect

Ìrasr obs erv ed l.n th e sma11 irt-[:estine of th.es e

rnice (nis. 3,2) .

c) Sta::rr¡rti-çÐ,'l'he auti-hacterial effec'b i.n st¿'rrt'et1

rnice rv¿rs s1¿¡r.rífÍ carrtly reriucecl (frig " 3 "? ar'¡cl 3.3) "

llut st¿,r¡:va1,j-o¡r h¡rc1 rro ct¡v'ir¡¡-:s eJlflect ojll- tlre po-

ri.staltic nìrri¡{:irTiertl, oî ttre or'¿;arrisms j-n tlr'e i.¡l-

test1ne. lll¡-is is il¡t-iic¿¡.'9eid b-v ¿r silui..-l-i¡-r d-is1-.l"i,".
4a

bu Li-orr of P-'^-f.i¡t:re.l--1 ed o::gii:ii.srtrs j-n- v¡:.ri.c¡us p*.r^'f -s

of 1;ire gas ûr:o-intee 'ti.n¡¿1 tr:¿rc'L at cliff ererrt t j.l¡tcg

ar$ l.n norraal ¡nice (ä: g. i.l-) " A signi.f ic¡rr:,t rlu¡ir*

ber of' organi,sntll survivecl. tn thc stc¡trt¡rclt irlcli-

ca*j.ng that the gsrstric acicl secretiorr:Ln sta.çt'eel

anímal-s 'r^taÉí reduced. ?'i-¡.o a.1:ì..lil,y to e1 j-¡ni.reate

l¡..*çIg_LgJgg rapidl5' f¡:om tlee, sut¿¡l-l intestirtei cor¡ld

be res'l;or:ecl in s¡ t;:r rvecl arr j-r¡rl'rl.s by gi vi.ng' flocci J()

¡nÍrru1;es a,ftt¡:r o¡:aJ.. ch¿¡.111)l'¿Ëc+ oi'-uy c¡l:¿r1 applic¿t-ii.o¡r

of ¡:::r:s'bf-gln.L:r: or irJ.*i1.¿¡-i¡riire ('JìauJ.e 3" 3)" Gllruc"¡e
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Iìjtr¡;" J. 1 : D:i-s t¡'J-bttt;.i.or.¡ of Sitl'''--Lal:e;l-.t.ecÌ V "*.f:i:-q:.-l9¿3g 569Jj

i¡r. 1;¡cr ¡gti-str:c-. j,'t e¡t;1.i-tt.aJ- -br:-ac1; of ri¡r {,re¿'r t'ed l. I e

s Çar\.,.., ["-.] ç a.tro1,.i.r'r<' tro¡r1;c+c]. [:tìi:i tnlce ¿rï].cl

ttt?*'!
in n¡:i ce ï'"'h(]rc iì. J-a1rar:tlton¡;'' ha-cì l':ec¡n pr:::'f'u::¡¡¡ed È.tJ .
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Fi"g" 3' 2z lìecover-'5' c¡f' J-iv-i'ng \r cJ,rcr-l,eÌîÐ-e lt69n f.'r'om tlre

gas'bro-intcs:tirial. tr¿rct of ¡¡¡f i;-rei¿r becJ

fl.;;-:È
starv..'C [*.*l , a'tr:'opine 'trc¡it'(;<¡d l":]¿ ¡rr:i co

a.rrd í.n t¡rlc:e \i'hci:'c a -l-et.p;t::citoiil)r h¿':'cl l:.¡e:en

)t

p er" f c:i.'rn ed
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STOMAC H

SMALL INTESTII'lE

LAËCiI lt'.!'l¡:51'i¡¡t::
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ÌrÌ.ü " 3.3 z l'he r:ocov'cry cif v .L¿lirl- c:

of' t1-¡,e nsscJc::i.at,t:cl 32P

1-i. cllo-l g¡¡¡1f:i ¡rtrol

labe-l llrout tlte sn¡¿r-1 I

f e e clÌ-ngi-:ntes'i;.i.lrc of nllcc ari i.:rterv¿r.J-s ¡-¿fte¡'
.Ì.)

tlrc'"'L' -'7¿rbcJ-T-e<t ol'garniíìllts.
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Tabl.e l),3¡ lì<tstoration of' thc¡ k:lJ.-1-i-ng

sn¡e.J-l intcsil;i.rrc of' starved
BOr¿rl1noculutn: Jx 10 or-'¿1anisms.

¿¡ bl- 1.:í" 1;y i-n tlr-e

ulce 
"

Ile<; ç;1¡s1,i' of' I1r¡:in{ï ui.¿i;anj_srns;
i"rr -i;h- ¿,; n ¡¡r¡; .-l .l- i.rrt e s; t i rl o i.i:r
1-rc:rc<rrtt c¡f thc j.lroc;uf.rlll
af'ucr' 3 lrc,fil''fi

o " oo-1

20

'lr'e a- i; ¡n c:rrt

N r::-¡."- s l; at:r,t c:il

Íi f ir.,r.'v ot'l ,
¡r r'ì- dr i.-' 'ú ç)

Íì tcl i:'\:'e rl.g t* r¡ Í'i.tr"t-;l-l c,r-L' t¡;'c:¡r. f.t-,1 err i;

(-t . .'ì r"¡ l.l. tt {' ¡' ;,i.1. ! r-l r.: er -ï'i.r, .-i. J,.¡r

o l!: ¿11. c:l ¡a I -1. r,l rr ¡;c, r5

l:.ì 
.L a-r r. *el $ .1. Ü 0 i,i¡¡ ¡¡-l ¡.r. c o I-; <: -i ' \' "

I () lr¡:i. rl " T;i-'i"i-rri¡, c.r"lrj- c.ì-,::r-i -i 6..¡r.¡,r;

!,i i,iir.r.; e r.l , pc:.1 ì-lr"i.i.; f,l j',,'!:ìr. :jO ¡;:-i--r, 
"

¡¡ ll i, r:.r'' (, ¡'¡L.i- c:J:-':.i.i..j-;.r.':i;ù

I-:, i.p.i.'ç'¡,}qJ , i'rì r; l.¡¡¡r:i,:i {:r i)tt¿ì..l -i-ìi l:O i,r]ìí.ì- -c;tJ

t:;'-i :¡,. it..í-' i. ;..1' ç.r;:.'¿.:..i- cl-L¿:.-i L.:it¡1i':

a " ili:

0 .2:.

o.0i
Sf.,,.y."0-'<i,. i.ìJ'ùj:.i;).,;-J:.:-t',',, c;.:."r.1.-ì;* ,t'Ù !rÌi'1.1 iì¡l
l;;i-r.t" '-'.'i-; '.t¡' ùì''I'-1 ..:ir¡: iJ l:'il;;r',
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lnJected 1,v. had no effect.

D) Dff ect of s'Lreptomycin. Streptornycin given oralJ-y

lnhibited the k1lJ.1ne of ttre org¿ìnisms in the

smal"l an<l J-arge lntestine (raure 3.4). Sj-nce most

of ttre organlsms reached the large intestíne 1n 3

hours perlstalsis seemed u'ot to be effectecl.

E) Other i-nb-ibi.to¡:s of i-ntes;tínal cleara¡¡.ce",4.1-1

substa.rtces arrd tr:e¿¡,tments l"isted ln Table 3.5

J"nhl-bi.tect to

u ch* J- c:rl¿L e

varior.ls d.egrees the el. l"ruinatJ orr of

fr:o¡n the sma.l-J- iilt es'b j.ne durin.g b.[re 3

l¡.ctrrs of 'Lhe r,::<¡.rctllitn<l¡r1,. Gener:aL1-ly tli.cse srtÌr"-

st¿rnce..-; þie r€ n.lü.1.'"r1 ef'f ecti, ve 1ìr1Ìe-"ït ¡3'iven i. ¡r. th¿tyr

i. " v. ()r.'al- atltni.rr.i-ri t;r:at-i.or¿ rvas not e.iff ccti.r"e 
"
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Tab]-e 3. l+: lìecovery of V. ctrr:l-er:¿re

gastro-intes tí:r.al tr'¿rc t

treated mice in Percent

569]È SII lÌrom the

o f rs treptoniYc in-

of challenge dose.

Tirne a:0ter
s 'b r ep t omy c i.r.t,

dos e'r

2.\ ltor:rsx

/l tJ -[ror,ry:s 
x

C it r-i -1 I ûrì ¿l'ri rl c ;.: çr : -l- x -L O

x = c:r{)ll [ìl'o=.:rp -1 2 u¡ ice

Llvi.ng or:ganísms recovered
after 3 hours in

small- j,ntestine lar-'ge intestj'n<-¡

6r¡ 4o

l¡o 2û

I
o .rÈì'¿t.ì.r. -i :.: ¡ì1.'i

J-2:1

J.

)é,

-t-

-t-
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3,4 Di s cuss i.on

Âdult m.ice rem<¡ved 1j-ving V. choler&.e orga.nisms rapÍd1Y

from tTreir gast.ro-intestinal, t::act over a perlod of 5

hours. As the results shor'* very f ew J.iving or6anisms couLcl

be found ín the,small intestínes 3 hours after oral chal--

J-enge. The stomach with lts gastric acLd provided an effi-

ci.ent þa¡:rier against bact,eria. t'his was dentc¡nstrated by

the g.r.ezrt number of vítrrlos e]}terini'!.t'he small íntestine

alive once th.e g;astri.e acj-ç-l hacl treen neytr¿¿l.Lzed or its

secretJ-o11 inhí5ii;r¡cl 51, at¡opi.n (¡'ig . 3.2) ot' sta::r'at;:Lon

(f i.e " 3 "Z) " f]he llac'bor"s j:'¡v'al-rrert j-rr the eli.¡ttj..:ll¿r'Lion of'

J-i\¡j.nÉì fJ.rÉìalì'i$Ij.].",¡ frOrn f;ho ent¿r-1-1 intestin{} are:

1. l"lt:ctt-¿rl:l j-c¡;.1 reìffovãr-1 b)' PPr:i s t'a'l's i 'ç

Z. Iti1.-ì-iir¡3 of 'Lhe cr"¡1ittr.!.s;rirs ilr tllr* s¡¡taJ-.1, i¡rbestjncr.

A fur.ther sul-rs'r.,¡rn{,j¿rl r:úìrJ.rlctioi¡ of 1Ì,r'írl¿:; vj,ì:rios o(:ctrt'r'r:cl

in th.e J ilrgc í.i:¡.tc¡¡ tine,

'I'1re ¡tûr.pid p¿r,eFi¿iüe of 1h e l,)l)2 ^;.orr,ti. l e:'l- or'¡;a;li-,,tnr'-r t):r*u¿'tr

the sllt¡tl-I j-ntclr:;tine r,is-s ¿ìÌì irr¿-1 j-c¿';¡¡l' of the \rj8:út:!r oJ'-

perisi,¡rl-n j.s. 'lhe,, i,nipclt:t¿¡r¡ce of p*¡:J-'q La.l-sís¡ 'r'fii.s shar"r-t by

tlec f¿rc.t tlli¡t i¡hiLli.tiar: c.f ¡ror:i.,ç'¡alsj.s b1' ¿t1-.rcpiue

cç,rnp.'l-e'&r,r.l.T pï'even'tecì ttre c-l-ilt¡ j.r:.¿ra;iclrr of tJrc Cl16a.rr:i flills '

'Ihc¡ *;¡r¡a1,1. irrtestj-ne w¿ls ¡rcrt ahle; tc-¡ 11 eldLlr)e ttte ltt'liilbcr of

livir:¿; crganì"stirr.i signífi.c;rgt;l1r ollc'-r pc¡is'i;a-l tj-c moveu¡erlt

s1;opptlcl." l-\+o c>rp1.arra'bj.clu¡; Élppea.I'po$s:i}¡1e. Pr:ctr'en.üicr¡t. c¡-f

per-,íst¡:..1-s j.:-; crt'rtt.!cl :i:¡rlr j.tr:i-t cl j-¡:ccll 1y tlre¡ nicch¡¡.rai-s'trt b;y v*trj ch

tJrç or¿4;r1Ì.sr¡:l .r/ir$f,e iij,i.letrl" ÄJ-t;crririh;i.v"u1-;"', tlrc iii. 1. 1-irt¿;

sysf;r:ni oper:-¿ri.tt€i.i.l onJ.jr orl l;J-¡rtslcl r.ìÏ-fliìn,j s¡iiþi v¡-hic.l.r 1:'J{}Ir€r cJ.Osel
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to t¡.e i¡rtr¡stlrr¿rl- waJ-1 ancl ttro preponderar:'t remainder of

the organisms v/ore rernovecl by peristalsis. Once mechanical

removal t{a$ trrreventecl by, f or exa tttpJ.e o attropine al{,Lrorrg}r

localJ-zecl killing coul.d contj.nue, j.'t would no longer l¡e

measurable sítrce the smal-1 per:centago of organisme close

to the intestlnal r,tal-l and susiceptibl.e to the kiJ-lj-ng ac-

tio¡ rvor¡J-cl be over.r¿helured by tlr.e contintled presence of the

6çreat nra.jorify of the or6¿ini.sms, Thj-s s¡'rrergic+tíc a-ct1.on

of' per::is¡tal. tic L'et¡rova1 an.d kj-J-J..ir.-¡ç trr t;he slnal-1 irrtestirle

:i.s :l'ur'tl.re¡: demolr.r¡tr'atc¡d tn tùj"Ë. 3,1ç. Au j-ncrease of ¡r¡-r<:cifi-c

ac'l,j-r,j.t)¡ c¡f't;hc vibrios j-n t;lic st¡a.-l. l-,Lnies;tine cc'r-r.L11 on11'

be cì.c-. L¿tc: i; errì ¡i ft cr t1r-e brrJ l.; of '13;.ç or:gitLr:i"r;nte; hacl llcl():iì, Fr'o*

pel.l r,:d J.¡; l;o 'Llre -l-ai:gel 'iir-{;cl ,çtí.r-rc"

Oi;l,rer 1:¡:.(,:¿-L.t r:¡{.jlit;Íj -L:i1.;e: .Li'.1:a.r:'Cl'Loltt,l , Cï't;r:iir-; j."¡O bl eOdi.n¿,'; (}.f

i.:rje,i<,'l.i¿_.'.,;. cf t.o;;ic $trl)Êìt¿-lilcr'is l-'.1 lit-t L,PS f ¿r1J- of rtll j-cl:r dtt-

J-;-iyclt','l,l:c :t.a.Þ j.4

¿Ìas í; r j- c:

i-i.-rri,i. r.: rì î. r:r

eJ.:i.rni.tl;,1 'bi o:r. c.i' ir " cl.io.l_ê.i..:ia c:-r.'¿1irtt -i. l;tt: :Ì íl.l'clit

ttrc siiii¿rl-l-. í¡'rì;e¡.¡-fi,¡eç ac-Lecl l)arl.'l.:l]¡ throi.r¡.;h:LnTl ,i'l-r.i.'r;i.cir ofl

pc-r:.j-s'i;¡:l i.i.L¡;, 'J.-ii:i s cc.¡i.r-tr.i "uc, decji;-s.;ctc'l fl"t¡ill 'l,1re s-[r-rr'¡t.¡-- .1].ìt:'sa¿Tcr

't t>

oi t.l;.¿l ¡t tr-^_i_lttre¡.Li cci or"6,í!11.:i,s;¡n..; 'f}1 1'r,iri¿;h t;ì.re s;l:¡;r11 :itt'Lcr;t j-rie

(;fi,.; " 3,1) r,,rcì ir'ai; ¿:l-l,so rlcri¡¡o'.lst:i:¿rt';erJ J:J' Lt:c: f¿rc.i; tli¿lt tilol-;l¡

ofl tì:re îubr,,it¿ttl(:*¡,; \,¡cllc t;'lore ef.f ic j-t-rnt ll'he:¡t ¿f iven j..l?" thail

Lv"

l.'1. j-,.: :lp1: c.rrcsti-it¡3, tc.r n(¡ l<l tirat $t:í,ìr""Atisr.r-, .L-i-Jtc ats:<tçt iner n

it'l.c:r-'e*5 c(ì i;rtrtl r;tiiilbcr.'s cll.' crr'¿4ari-L r.;nts l:i r.-lllv -Î-rt j.¡¡$ t1¡'e co r':rÌ j"L j-<)ns

jn tI¡e s1',t>l¡lrrcl;..'1.'i:il; 1ì'íl¡; oì-'rvi.¿rus-l-3'cÌtro tr¡ inh'ibi.ti.rrn. c['

¿rr:i J- r-;ec:('ct;.Lo:r.i.'.Uhc.' r:cs;tt.i-ts; 1.t j Lli

t,i;;.tt .i nir i h'i- b,Lc¡tr oi-' pc,'i.-i-r;'1.;¿il s i"s

fi '¿, l-r .i:'t¡ r: { [

i f,i ¡ro t i),j"r

a n i.i¡l ¿:;, l, ¡-.

a cl. r* q i i ;',. '!--. c:



ÈrÔ
/L)

trig, 3"1+t Elj.nrl.n¡iti-c¡¡r. of ]1'-*"å1-1'jll,:i9- 569iJ í''i:orn the

sruall. j-ntesti¡'rc of ¿Lliu'l- t liii-cQ: Íiyr'rerrgÌ sittl

'l¡e 'bt:"cr:n ki.11i.L-rg; anct ¡¡¡cclr¡llrJ'ca-J- rletloval o

rtpcc.i :i'i,c: lrc: i:J-rt'iì:-Y

lt) ':"
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ê)cplarxa.tj-on for the delay of e1.i.m:Lnatfon of V . cho-1- er¡l.e

fronr th.e small intestine. The distri"butlon of radioactlv-cr

organi.stns through tlte gastro-intes'Línal- tract of s ta.rved

anintals was sÍ.milar to that fourrri ín nor:mal animals

(f ig. 3.1) . Nevertheless, those orga,nísnts 1e¡cated ín the

s¡ma11 intestíne rrtero not kj-l-1ed appreclably.

The indJ-gerrous flora of conventional a.nÍm¿1l s is knortrn to

h.ave a consÍcLerable inf-Luerrce on theJ.r $lrsceptÍ-bility to

enter:1c in.tect j.ons (Vitl.-ter and Rohnh,off , l-9$) , The nLl-

t::íticr¡ral state o.Ê ¿rnimals s:Ln¡j-J-a.r:ly af f ec bs theír sr,lri-

cepti.'bi-J"j-'by ¿rnd i'b has br:en cl-aj.r¡iecl th¿*t effects o.f j-:lr*

nr)-ec1.u..rte cl:iet ilrc! drrr:'Lcl ¿rl-bcr:a.tj,olr.s jn the nttmlLcl:s ar:ct

typcs of tlle Í.nc-li.¿;er]ou* j.ute,':t:i u;--,.J. fl-c¡r:'¡.¡ (tli'r'nos ¡i:rt'J

Sch¿.re11,Lr¡r o 196;:), f t seelil,'j rr^.1-i.!.;c-'1.:¿ t¡¿r-i, the inhill l'bo:r'y

cffc,:c'b gf ¿rcute: rit¡r.rv¿l't,jon :flcr¡;:rì :i,,ri or,1J: í'1xpsl-*iutq:r:ltli cor:.1-rl

bC eX¡.,-L a-j-:rreC,' j.n tCr,'l¡s ol. ¿I.ì. 1;r:r-'eri lli:'-cr,'¡-¡f'.LOr"a. T'1lr'l ¡-"rt¡;, j n

argrrniarlb ir-¿5:ri-ris-;t t',lr:Ls j.s blre r-irf iÌ.c.{ rrc.c::'t;o:r-ar1;i on c.tf T:o::ir¡¿r1

l_rr:hai' j.or.rl. r*jij r;Ìr cc11l.el þc a-ç:l¡ j- e ,."ccl bi, ¿;'.Ltri.,rr¡ :['clr¡d at t7]r::

t:Llnc or eve:il 'ltl nri.ï1uiì(,is a-ll{,e¡': cliaJ-[-cn¿.';c: (Iìan1c J.i-1.)"

S inri-l ;rr.ly , 1tí¡; f anl j-Ð. ¿'t:rlcl Irl:or:i'1, j,griri ir gíve¡ 30 ¿rlrel 9O

l:l:í-nr.rLes ¿rft<*r'o¡:;r-[. c]raJ...1.ertgc rirplci-L;r Tev{}rl.:ecl the effecl:

of st¿¡.i:r.¡¡iti.ou sLrgg(.il:tir.¡3't;ir¿rt tir-r:y olrerat-'Í;<trì- hJ'rc;s{;o¡:¿i,ti-on

of'nc¡r.m¿rl- se-.c¡:'c-'tö¡:y' fu:lc'fi:lor; in 1;Jre irrtcs;i;iue. lliris is

strl:1rcr:t;t:cì l¡], Íì'i;eni-ng arìcl Grorr$miln (1.-qey) lrh.; clç:¡¡torts'tr^;--'¿i*<i

tira-ü s(:rcrctor:y l;rool:)tirif-is irl tl.r-e sula"t.l j.ntef:ìtj-ll€r 1'1 cíe, cl .i -'

rlj-.gj,r,;llrlcl drr.r-i,r:¡1 s t¿lr-rt¡¡-tic)Ìr arrrl thc¡"1;. ft:otl o:: h:i g'í.;;.titl.r:ie l'¡r-,uJ t.i

j.ns'e elni;1i'¡ ¡r'bitl¡rrlatr,: r-.;ccri;i,::r:t: " "Àr; s¡{'¡t-t;c11 r:rár-f'l-i-el"co tlrfl;'t: ir:
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a measurablo antibacterl"al process occtrrrlng in tb.e srna1l

l.ntestine atld ít now see¡ns liÌ<ely that intest.Ln¿rl. seeretions

provide a necess¿ì.ry fa,ctor in thi.s prLìcosì.e¡

On tl.e other hancl the indi.¿Jenous f'l.or¿l is of importance to

prevent ttre colonizatigu of the J-ntestirral- tract by the

challenge. or.ga.n1sms.,Streptgmyci¡ destroyed the anti-

bacterial effect on V, choler¿te ln the intestlne.

/f ferv other gram-negative orÉiâni.s¡rts Ì{e3:e rcnloved rnectrarri.c-

alJ-y as ra.picllY as V. cho l- etia"e . In tle case of S, t;1'Ph.l.-

.llyll"Jlll c5 çhj-cb i.ç vinr,l-ernt fol rni-ce tl-rer(: ltâs evid,enc:e

from'bhc itrc:re¿,¡.se of sillêci.fic activi.ty r','Jri.cLr occurred a1,

?t l-reiLrr:s (fa.nl c: 3.6) of ¿¡. b¿rc'hc:ric.i.clal efl'ect j.:r. tire snla-l'J-

Íi:ltc:.".;t jne l-¡u'b tll j s.¡ '(1r¿:.ìsj cJ-t:;r-r1.\, riç¡t itfi ltl¿lr.liûcl at:j r'¿í-Lh

\f . cllr¡1.cli'íì.Ê, 'Ihis ts j-n aÉj-rcr,¡¡;¡eÌ't.'L lvit,Jr Þle¡'.ne.1.J.. ¿rnd

Srrl¡t¡¡:i¿,rl:i {l'¡t'S) rc}.1o :;l't,c'¡rr'<*tl''blLr¿¡'{, å*--I¿t.:*iur'rr:i-!i.;-'l r'r¿is l:e*

lloi.ec ¡ii¿i.L¡1.1' rilt,t:.[¡¡rJ,i r::ll1y ]rub t.]ri¿'b -b]:c¡:'ú)'\rlas aI*;c ¿r l'¿e¡rJ*

b¿.1<; 1;c¡:ic j,di'l -1. re¿rc1;ion :i.rt'Lh c: j.r¡.t<-l¡''ti:tc 
"
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CIIAPTIÌR 4

EI,]:MINA'IION OI¡ V. CI{O].,DR.AE 569ß FROM T]IE GASTRO-:[NTÐS'I']NÂL

TRACT OF INIIÄNT I*IICIJ: ENHANC:I-NG EF¡'IICT OF ANTTIIODY

4. t- IntrortuctLon

In the adult nrouse bacterial pathogens such as v cho l. era e

are removed fr:om the smal1 íntestlne by perj-staLsis and a

ki.lling mechanism. In this kil-ling the nor"mal flora and

proi:abJ.y bacterj-cirlal secretions of l;he nlucosa p.l a.y '<)

ro.le (chapter 3 ) " îhe adr:1t rrour:ie i.s not a suf t¿rt-¡1e rnoclel

r+i-th which to sturly 'L;he rol e of arrl,i.l;ocly in the erl- j-¡nj-lrat j-c¡n

o f entclric organi.srnrs frotn the s¡!1¿r1. 1 j.¡lt ostlrre , forbrr'o

r()¿ì.sor.l.s:

1) The norrna.l aclul-t rirûu.se h¿rr¡ llier¡-¡.st:rablc; airtounts of

rr¿rtural- ¿,.nt.i.bctli"es a-ß i+-ins t \r ckro-1. eìr¿r û a.nd tLrcs c

n::i-ght par't.icipatc in t1-¡.tl efìf'j-cj-c'n.'b t'(:¡rtoval of' -Lhe

organi-snrr-r flom bhc j-irtestir¡.c.

2) 'lll.re e1 irní:ir¡:.t i on o f V " ch ri-'l- et'at: i:y

ìri1.J-ing rrccursj so retpictJ y in

wou.ld 1.¡c difficr¡1t to neaEiure

eff'ect of an'bilrody"

p c.r:i. s t; aJ,.ç j. :i anci

nri-ce that it

atldi t í onal

a.dtr 1'b

ar1y

'.lhe infa¡rt lrroLi5ie is .srrricepti.bl e to cl.lo1er¡r. brrl; car'l^ be pÌ:o-

tected b1' ¡rrrt:i.þody. This is ÍrcÇornpari:l.cd b)'a cleorea$o 1rl

tlr.c :¿tu.¡lìrci' of I'i.'.'ing rrr¿;i,:-nis;ns rcrJor.'era.b-'l-c the ga"st-ro*

i¡:e'b crs ti.n;rl tr¡r ct (Cti:i Ì-cr.rtu¡:it anrl ltoiYley o i9'/2) "
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In this chapter using tl¡e same experimental approaoh as

describeci ln chapter 3 we have arlalyzed the elimlnatj-on

of V. cltolerae 569i:r.^ fr'<¡m tlre 6;ast¡:o-Íntestl.nal tract of

infant mice and comlrared ttre results with ttroso obtai.necl

after 6íving opsonizecl bacterla.

k. 2 M¿¿t erials and meth.oels

4.2"t Bacterial strai.nr V chol. erae 569B SR (2, z. t an,cl

2,2,8)

4"2.2 Ant j-serurr: 1ìabbit anti- 569Ji} (z.6.tt )

l+.2"3

(z.:-t)
5,O rul

cllol e:r:a l-l

Opsotriz¿lt ior: :

aÕ
of a Pr''-1.¿r.bcll.cci

569]ß containir:g*

cul- f;u:: <l

¿ìtrrpr-'ox.

of r¡;¡l:l-¡it

¡¡t STct for'

Ì?er-"e tr.eat;c:cl

ofV
(i

2 x -lO" o::gs/m1 were rrrj-r:ecl. rr¡í ttr. O " -l- ml

arltí- 569)1, rlcÌ11urr (4 " z" Z) err:tì i,ncu.l¡at;cti

1-5 tn:i..rru l,e+s.'lhe ric)li-opeo¡r:Lz*lJ'l.t¿rc-i;c¡:ia

s ilni J-ar:'l-y r'li-tlr, norn'l¡r1 r:at¡'t-;:Lt s;eru¡n,

|t. 
" 2.. 1+ Llxrreri-tncn t;4.1'prûc erclure

Tr+<r groLrps of 6-da1' old uiice were glvere oraJ-ly

o. r rnr c¡f' an opso11ize.:11 or" rlo¡.-'oÌrso¡.izcd J2o-lo.L-re11ecl

culttrre of' V chcl-erac) 5691:' co¡rta.i.i-ringi ,t"B x lOB

livlrr¡; o::"¿;i,rn.i.srnt¡ íj¡.t1d 2"1- x 106 c.p'n1. Ät v¿lrious

tintes the reaf ber thc miee I\ieJle lcí-lJ-ed, s-l;otnacles,

srnal-I j.ntes't:irres ¿ri'rcì lar'¿1c intec'b j.rrc.is .renlr¡vl¡d É;eirÊr-

r:.etteJ.¡r and t,hc¿s.o a{i r,se¡11 a.5 t}re rcrrairr:i,rr,g cíìt:'çaftr.r es



tronogerr ized

of each h¡ere

count s . Dactr

ruo* j sD of

B4

s eparat el-Y

plated out

1n s al ine (2, z,g) , Á.J-lquots

for viable and radioactive

point in the figures represents tle

7 9 ¡nice, Tl.e signifi"cance of the

sults n¡as determlned as describsd (2,t7),

l+.3 Resul-ts

Fl.g. 4. f shorr,s the movemellt of the rr¿clioactíve label from

the s1;cln¡actr ínto the large intestine over: "à't;ime of 6 h'

'Ihe stouractr rr,as elnptiercl quå te t'a'pi-dI-y a1{:hou¡;}r ¿rbout L5 f"

of t¡e opso¡,ízed b¿lc'ber.L¿¿ mor¡ed r"c;1at:[veJ-¡' s-lovJ"1' j'nto t']re

s;tnall' i'ütes'L [:tlc-: com¡:alle<1 r'vítlr -Lì:re nc:¡r*oI-]Ílr;lti-zr':rJ c¡rfìani-sms "

'flre t:,e¿rsotr fcic {:l-li.s is nct clc¿;¿l-' bu-i;' í'b r'¡i. l I tr¿¡-\''c f] cJili(;ì i;n-

pJ-:Lc;rticrrs cli:]. tl:e íntc;:¡ri'r^,¡t; ati.r-¡rr of' t;]'.¡e e-l j-tr¡j'r¿r1-'i*}1 of

vílrr'.i.os fr:ot-rr t,h<¡ snrall,'i,¡t'bt:st:l¡¡'e.

ll¿lc t, cl'i¡¿ tre¿rtE:t:l r¡ j-t1; ;'¡¡'¡,1; j.lrcltl.)' piìs;g ccl rriLÌ-r.'$ ralridl'y thI.ortglr'

'Lhe srnei.l j-rrtce;t.i.nt: inf.c t:ha 1-ar'¡;e: jnLei;tine (fi:g" l+'-t)'

l-¡e rJ.j.ffererrctt l-:etrvcc::n the trqcl 6ìr'oupl: êLrc: sÌ-g-nifi"cartt a:Ê{.'er"

pO m1n 1u botir sural-1 (tr < O. 02) ar,.r.1 1ä''g;e 1ntes{,irr.c (p <

lhe ¿rtuotrrlùs of r:¿rdiotr¡,rcrr f ouncL j.n bo blr g.roLlps ¿tft'er l-t'lO

¿¿nct J6O nri-nrrtos 'r.r¿lu 1o1-: si-¡:;ni llj-*a.ryt.i--tr di.ff'c,rr'or:t aJ"1;Lroiigli.

o11 c vould car.pect: lcss'")27,-1¿:.br:l.l-ecl v-i. lt¿':i.oc¡ in thc¡ autil:ocly

fT¡o*ps " Tir:Ls, ¡r:rr'c)verr ¡ïli).)r J':r',r t'1u<: to t¡e 1-5 1L opso*iz+cl

l,,r;rcl-:e.r':i.a j-n l,he t¡t;on¡a.cll tnos'i; oJ. \r'J:l-:LCl-r 1','Ûrs rr+1ea-se¡d í¡r"{:o

tir<; ¡;rnaIl. i.¡'Lel¡ì;i1r.: L¡€:Ìtvilt;rr çÛ i'r.i.irl 310 ti;j'L:'iit':;; '

f€-
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In the largo l-ntestine sf gnif icantly less (f < O' 02 )

radiolabel- was present in ttre co¡rtrol after 36C- rntn by

comparison r+ith the antibocly group' It is most prohable

that the mÍcei chal-len6çed with non-opsonj-zed V. ch.ol erae

already hacl dlarrhoea and consequently excreted t}Ie radto-

active labeL more raPidlY.

1'Ìre recoverY of J-iving v chol.erae 569I] after va.rious

tínres in diff erent parts of the ga,s'tr:o-intes tfnal tract

ane shown irr Fi-g' Lç.2. Þfoç¡t of the organísurs founcl in tho

stomacl-r afte:: p0 rnjn were cle¿¡cl j-n bottr groups. Only a small

proporbj-o' (-f-O 20'/") "f Lhr: to1;atI ì. 
^c,1;erj"¿rJ- 

pop*-l'atio*

r{¿ì$ kj. l-1ecl j-n 'h1-re ¡¡t;cnlac.:Jt' 'J"hís j-s jn.cji ca-tÊd' hy t;he fipr?cÌ'fj'c

actir.ity of the vib¡rj-os whicli :r:'{-:¿r,ch,t:dl. t}¡.c su¡¡¡."'l L. i-r-rt-es1.'inc

a'ftelr 3a oÏ. 9o nlj.rr (tri.g" lr.^ 3) rv}r:i"f;h. 1r'as not si.¡lirj.ficeirtt].}.

clif'fercnt frQm tlle itrit'ia.-l' j-l-rcicul'r-tir¡' 'I-n t;tre snal"l' j'irte's;ti:'rr-:

ttre aI]-tÌ-ìirtr:l¡''-tre a htld víLrÜic¡ß l'Jsr(? 1'¡'¡1¡i3'rì(l tnore rapíclJ'y -bl:¿ìn

tlr*: norr*tr:o¿¡-f; çicl v:i.l¡r"j-o.ç (f.,i-¿ç. l¿ "Zì " Sigrrl f ii:atrt cl:Lff t-'.¡:el:1c€rl¡

1:ettrrre-'en th.e t'rt'o tîroups l'Jeïr(:.t fcruncl a-fti:r: 9O trlin (;'=Cl' O:¿)

ar:cì 360 ¡ni-n (P q o " oq2 ) "

ii..l:c nirmber of ol:f.t¡rllisms flotrird iÏ} ttre -l arge inteisti-ne

rc¿rcþerd ia tï!axj-tttrrrn aL'i;er 9O ulj-¡. j.¡ the olrsclni-:*eicl ¡'rn'cì .l-tiO

¡n j-rr irl .Lhc cOn,ü¡:o I {îroLtp. '.t'lrc nul¡lJ¡et'.'¡ d r,'r:¡:e¿,is ed n¡u-ch mf)I'e

rapÌ-ciJ-1' j-n th.e o¡.ts;Ûni-.zecì fl.ro up th¿ìn itr t}.o 1'].o11*cps(]n:L n<zrj "

Áf i;c.r. 36() nri.lr appt:'oli" O.OB Tå o{' i}:e-* of}fí{}1"¡ i.zer}' ¿rnd \ '3 l' <¡íl

thr.: 11on*"clli¡;q111 j,rir,rcl b¿¡cte¡j.a- l.loiÎ(: fr:, lrntl to t:': si;i'it vì¡:bl-t:
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(p < o.ooz). Fle. 4,1 the specífic acti.vities areIn
'32shown of the P*1ab¡e1fed vibríos rocovered from tle

small and J-arge ínt es t j-ne aft er: vari.ous t imes . In the

srnall Íntestj-ne the specific act'lvit;y of the non-cpsonized

bacterl-a after 30 ancl 90 n¡Ín r.¡as si¡nlJ-ar to the lnoculum.

Between 90 and L8O nrin killing of the or'ganisms ,occurred

as lnclicated by arl ir-rcrease of specíf i.c ac bívi.ty. No further

lrrcrease'vr'¿ìs forrnd after 180 min. l'tre sl.tuati.on r+ith op-

sr-¡nized bactería was dj.ff.'ercnt, l['he speeific ¿rq:ti*zity 1n-

crea*ed fr"orn 1. O at lO rnjn to ¿rLrout l.OO a1, 18O rni.ri. .¿t

furt;lic,:r'btrt l.ess cl¡:¿lrn¿r1;i,c; i.l1r:r.'e¿.rr-+r-:, \das f'orrntl be¡tr.rer:rt 18O

a.rrrl 360 ¡r¡j-n" Th.e Éìp(:r{)ifj-c: a.ctj-v:i Lies of 1:¡t't¡!y tirrrul.}s ä.r(ì

onJ-y r,ii.¡¡n:i-f 1,c;an'LJ.y dj f'f ej'6ìr.¡t; a.t, 90 nirr (f'< C, Otl) ar:l<l

36A ririri (tt := O,OOI-). T'her:r: rr,ír,t; rl(-r .s::í¿;njf i.clrr.l,t; dj.í'f'c,.r:ri'.nce

ab 1.BO u:j.u" Jn {,he J-;-r.::g'c+ j-ritr¡¡'it; jr-Ìr-, (lii-el" l¡ 
" 
l+) thc j-rL'j.t ja.l.

EíFeclf'.i c ac'L.i.t'itj.t,¡; i.n 1¡utlr ß;ìrarrlr; -r'./(.:.i-{-i i:1.p[ii:'o:-q. " 'r,J:ì(] s¿.rrì:{ì

ant"l r:rr1y sJ, í¿.ilr-ä ly il'tr::t.'e-:a¡ì cti " O.i;.,1 ¡' i.È s J i ¿r,h'b ir..r-(r1.'eiìt-ì e ç.l

tirc s:ipe(.:j. l-'j-c ¿¡-ctj"r':i,í)'(c,a" 5) of t.J-rrl r.tc,¡r--c¡-rÍ;o:íri-ze,'r) ì.re¿c--

tcr';i-¿ r+a¡; f <lr¡rrcl irl '¿ llc:rrj-(i(Ì o íl 1)iO min" I rt t.1rc oì)r,io.1ri.i¡r-:11

[.fi:or].F, ]l-owc'vGr.n ä" clr¡:¡r¡r1,:Lr: j"trú:i."r]i.rsìe of tlec $i-iccÍf".Lc acti.-

vi'l)" of tlle b¿:ctcri¡r rva.ç fau.r-rtÎ 1:etr,;ccn 9() ¿rr¡.<.1 l)60 rni-lr"



Õ.12-)

l'':l¿;. lt.lt: Ctrartg;o of {ipc-rc.ifi-c ¿lcti-rrj t;y

569YJ tIÕn--opson:1. zc":cl €-**""3 o:r op s on:i. =".1 ç**-*p

ir¡ tl¡('r J-a16;e j-rrtesti-lr-c of i-nfa-i:t; titíc:e o

of Vr choLera,t:
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4 ,4 Di.s cus s iorr

si¡nilar to the fÍndlngs in aclu-l'b ruice mechanical removal-

by perlstalsís and k11L1ng appear to be the basj-c rnechal1isr¡ls

also in ínfant mice bY which V. cholerrre is el-íminated from

the tntostj.ne. Atltibody seems to trave an effect on bottr

these necharrisms" It ís evj-de¿t from trig. 4.1 that in the

preserrce of antj.bocly tþe vibrios pafisecl dort¡tr the sma"lJ' in-

testirre a.rrd. accumulated irr ttre large Íntestj-¡re fr-rster: tl.a'n'

in its ¡rT)sr:rrcrÈ. T1Lus, perisitei]-sis becornes a. lllol:e efficie¡t

c1e¿rr:j.rr{:, niec;l:¿ln,J-,b¡r in the p¡esence of arlLibody" llhj-s cotr''l-cL

be due to flr(,\¡6rl:]tiûI:r of ac'llroreDce of th e \r " chc¡ )-c¡:í).tl to

ttre¡ inf;e.stl.::r¡rl r¿a-i-1. (.li'r:ete' u Ig(t9 ¡ altcl sec chapter 6)

rvlr:i c}r r,¿ou1.c1 t e-:ntl 'to f¡rc;1J- j-tlal q tJ,¡c 1:r.:nl$\¡aJ- I'r1' tjrc;

p er'Ís t:r1{: j c s troa.tr-1.

Colrcul,renl;1.1. .ç..,i tlr the nÛre r:ap j-ci rc}ií]t>ì¡í].'J. clf 1r¡¿c'ter j"a]- strÏ¡..

s;t¿¡-l'rç:e tltet'e 1{?.Í:j í'I r.'a¡::Lcì }';j--l-1-i"i-r5 of' tl¡clst-' Qll8'¿11-rislitti 'l ef 1:

l¡ clr il tr.1 í' t]:re Ei:¡¡i:. l- -1. int es t; J irr-: í?. !1 'i-r:r-1'i c ¿'i'l' r"r t1 i;y a tlri'in¡l'[' i- c

chr,r:rr¿1c i--¡i tlr.ei.r specifl:lr: arct:Lr''i-t]'' (l'i¿¡s ' lt"3 a¡':i l+" 4)"

,l.hl r.+ aa.1-l:r.i*-tiy ci:iri¡;t:i,:rrg p.i:'Ocef-is j^¡; t:.1,e.,r-r-r:l-y ell}:!.aTlced :[':Lr -t;Jlc

pltr-rs(:,!rlce oJ-' irnti.L;ccl¡," -¿.\rç tslt(¡,.r'11 j-n I-i'iC:. l+.l] th* ai:soni:re cl

nr:ganisr¡ri j-r,ci ¡:'ease l-r.r spùci.f:':Lc ¿rc,:ti vi Lir ¿¡i:'tclr :)O ntin.

coupa.l:ed loritir t.Ìr<¡ !C) rnir:., titlE: a.t' wl¡.j.t'-it ¿ì sítit:ll-i¡':r" in*

crGas c-r r,.¡ír.¡j sÌr:){;:ït lu j-tll tl'r-+ corr-L::o"J- o.r¿1;i-tr,irints ' Tl}¡etse t:LtnE:s

eï.e t;J.:-ose a.-L. rvhicl:. tlle T¡r.rlk <¡Í' tl'r¿.: cirl¡';r¿irisitit; h;is 1ef1: tl;<l

s¡:;r1-l- j.n.best;i¡rc: in '1.[rr: tr¡¡o c¿lses (Fi-¡';" l+" 1) ¡ í'tfld,o ttir:rtr-í-'i;-t'c:,

tlle k'L'i...ti.n.¿1 tti:sc-.:rrreil tr,¿ls of' 'Li.¡e rci;tt;*in.ì.n15 mi-:ric-t'i 1';y ' f i; 1'":;"{Ei

1r:t.t..rl.i:r,f:l {} tl'i¡.'r :i t 1r/¿!s Lh j ¡; s¡rt¡:.i-1.,-L ill:'oJic¡.rt j,r¡::r o [' o t:ê-,i11). ì"rtllrs
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whictrl{ere }relcl b¿lclc 1¡r the smal1 i,rrtostine by associa-

tl-on ruith tþ.e eplthelium an,cl th¿rt on1,1' when the t¡ul-k of

the or:ganisms hacl been relnovecl mechanica.-l ly \"Jere any

change s in specíf ic actlvity reali-zalnLe. 'Ilrls oLrservation

ls similar to that made in aclult rníce (su* tr'j-g. 3.4).

Since ant-ibotl-)' had. an effect on r:e¡noval rates it becomes

difficult to cietermine t¡treth.er: ¿1tÍbody tr.{cl any direct

eff c+ct on the ep|theJ.ial- cell-assc¡cJ'atecl lcf I1i-ng. Two

possíbi.l_ít j.es exist " trither ant: j-l¡ody har.s; a df rect se11*

siti-zJ-ng; actio¡, on. bix.c her:ía, ther'eby t'enrlC;rí:r,g tlle¡n rnÐll€ì

srlsce¡:t; i,Lr-1 r: t6 Íiolne epitirelÌ.tr1. crill metaholic procltzcb, or

a¡i.bí-hocl5zn l-¡y .lor,ieri rrg 1,tre ba.cterj,;¡l- .trci¿.rrl as"tiiclq:j-¿rl,r.¡ci .¡'J-i,'hh,

1;]l rl r::¡r.i'i;licli¿¡-1 SuI'f'¿{rie, ¿rl1.ot¡s t}io Ir j"1-l.irr.¡; pÏ'(.)ce,llri tr'l

oco11t: eflliçie1t.l.1r oï1 tLrc r:e clr.rc:¿':rl ¡rul¡tbet" ctf' a,ttacl: ccl t-rac-'

tc:t:j.t;-¡ ar¡ d tha,t t,Ïr1.s Ilt'oc(ì$$ J-tsc-lf j.ti n.ot i;l1-'J-r.ir-:ricc¡rJ tr5'

arii,.-í-.¡..r¿cl-y " Per]1i.i1.rg t1:re,r 6ïr1¡;' pi r'-cr: cl ji ervj-rlcl:"l.ce wÌ.ricir sr-i.¡.--l>rl:.'i,s;

Ofic Or gtl¡cr çÍ' t.trese Ëoss¡ j trri. l-i i;-i-cs :i,ri f,lr¿,' s-l.o¡-re of tlic

fìpec.i.1'íc ac:t j.vj-t5" .L:il¡.cis. Í,t l-ri.6;. \ .3 'rçlrj uh ¿tr.'t} (;ll*r $ar¡1 e

r.¡i-Lit oÌ: rtitl¿or-:,'i; i1pbi.l:ocìy, It"'¿tI)1'f;1rir.rg, tLl:i.s j-lidj-r:¿l-1;etl

t1ra,¡; thu l¡;il-1i:lí.i- pr:'ûc¿1sf:; j-s 1;1're s2ärl1 * r"i bir o¡: r¡itllourt

an{,ibocl}. ¿1,:rc1 thcrel fal'c.rurs t}lo $r,:cr.¡:';il ¿rltcrsratl.ve.:.

l¡ru1'* coritpJ,ex j-n the -1"ar,'g* intcstj-r':.e

bo inf'l-¡"rr:ltc-:cd b¡r tnçr'c¿rs;t'd fiu:i-ri

Thc s i-tuir'tic'r¿ ir¡ even

s:Lltcç; j;1¡ i: ¡:egu--l--i;fj n-tí:rJ¡

s ec:['c)'i;icl: rr']ri clt o a-ìQ1111$

V. r,,ir¡;-'l rì'-(';:r.il in ¿:. 1:¡r;e;rc<)

irr 1>ab-v tnÍce ¿;ftcr clral-Ltl-{r.,gc rqj-i;l:r

of ¿*rri:ï.bÕri.i'" ?]rÍs i.s j.:rtì.:Lca'i;r':tl irlr

c¡.í' 3i?'1:' i.n tir.¡-r ;-¡-c¡.r:in¡t-L t¡i cri (r:i-¿;" /+. J-) oa:¡.'t i-.t-ì.tr:t'o¡ì ,.i t':ti ox c:r: +:t .i. t:¡'1
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most 111<e1y to diarrlroea. Thls could c}.ange the normal

environnrent in the large intestine (cotnposltÍon of tl e

nornral flora) and also lts normal physJ-ological functl"on

(increásed anourrt of flui.cl¡ Do normal peLtet formatJ'cin) '

These altered corrdÍtlorrs ma-)r ltave a coÍlsiclerable Ínf'l uer:ce

on tl:e killing ofV chal- era.e ín t;he large intestine. Some

support for this is 6gi-ven by tl.e results of ChaicurflpÉi ancl

Rr:ra1ey (tgZ\) r+ho shower:l tllat subst¿rrtces such alì cholÛra-

toxírr, l.ysolcciÙÌrin a:rcl f¡::ostzr.¡;1a.n.rJin.s i-nkríbited- to sorne

cl e6r:'c e th-te ki- J-1 1:i't g of V . cfro1. e;r:ae írr infant ¡¡i-ce. fìhed-

lofstrcy ¿¡rrd lì':re'Ùcr (Wflf) usin,9 ¡¡er:tu-frr:e rnice f'ounC a' rtore

r er¡"r .L c1 t: -l-:i.¡:: ina- t j. o.l¡. r:f V" cirol-cJ:i'¡ (: i.¡r 1;he 1t:.r:ge i.¡rter tirre c¡f'

j-nrn¡t¡r"l:i.zcti ani.t"¡i,,J s¡ Þ¡j-r.'ri tl-rÉì]' '!'Jt---:rtÌ colrf iLm:i¡l¡rtecl r+i-tJr alr

autoc-ì_r{,Qrri,t¡_r f'l-aïa. t'l:re:r¡ polr.LttJ ar-L(' a s;ylr<;rgÍ.,srtr bei:t';r:cn.

l_ac;r-1, i. l:iirir-rriÍ--by ¿rïrc7 thc rrrr¡:ri.r1.:L¡i.i;s'Li:¡r;¡1 fl c'ra" Orr¡ tJirta

sgirpol.i; tlii s t:r:i:il;íls.'i;i,.:rr-i iìc¡:: 'i;Jic l rlr'¡;e irite:stine':. ÏÌo'.+(:)'\',f:ri! r

tlr¡¡ rilrj¡,ílil 5rr-r¿1.=ll in1.:¿:stiTre j-ri rr-lir.it (I.1t,.1-r;r::n a:icÌ Ì'Ia'{:er, I 97O )

anrl' i'rrf':irit å'''i-ilå¡ (:ii:ir:'i 6;¡l lr::''n liui:r-'Lr i'¡lìd coe l;E:LJ'o 
' 

1"p(:!) 
'\ 

i's

r.cl_a-t j l-c-l;r J.'r-t..:rir ¡:r-i" i1 p.ú)¡.1:lir-l- l-l-s;,.-:'a- " lìlfir: lcj.-i l-:krg; rt'lri-ch Gû-'

ç11¡¡r.til. j.:r J;ìre j-",1f ¿lrrl: r¡t.i r:.c- GY{::ri. r¡ j {-,.},r<,luL í1r}{":[1-jûdY t.:c¡tl .l 
'-3

ttr¡rrr:f-'ui.c bc i.tr.rìepe rtdc:i rt of ¿1. tttllrila l- f lnr¿'i. r t uo¡rl-tt

tlrcref ore b<: i-:¡l 1;<lrt+sti rr¡1' bo ¿1c:(lt¡¡rliåJ^i.i l'e ì1ìo1'e d¿r-'ü:.¡ (rn t-l: Í'*;

1r j ]' j.:irtg uieÚ11 ¡Ìxj j.sil] wjrj c]l' e.},1-ì{.ì,1]crr.L.t. 1,' oj)eríJ.,,j{,.i5 (]fl, tirc tltrcc¡l;"."tJ.

surf¿rc;e o{'thcr r¡¡n¿r-t. l- i,lltr,:s-i;i¡¡c cif ac}u1t alrcj:Lrrfa:l'b ¡ni<:e

ancì tr-r d,t:te.r:y,ríne the elìf,;cL of airì:i1-rociy ()l'L it.
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sl,flïl 1., .rt!T11.ìt;'i'-INlÌ oli' I'f-l-clï!

5. r. Ln t:.rr¡d l,l (; i;i ot.t

In clr;.r_1:t;e.r- 3 ¿È1ì11 l! t¡c-r o1¡scrv.c':çi i;l¡:-r'r-, 1;hn¡ì'3 ]1"-...=l.l.i-i¡],.Î?,1!,ìlì

tttiti, t;o a- l-<:ssr.:.¡. e:;1;citt u cl 1.;ll{:'r" {-iÌ'¡.ì;i1-,1:l<-'¡¡i-'.-1;-i-:'c1 l)¿'ì-c:1;cr:j-¿t

.rr,h:j rrll ::r-:¡n¡:-i¡¡ccl. ,ilr tllr,: sliritl--1 j--rl'i;t'.¡;';i':i-rle i:í'i'cl' t'hc' iili; jo:t i-'t;¡'

o.l' 1,¡rrc: í;*f.,.i.ii li¿.¡,--l- 
'Lrcca;t. 1.,{ìrrìtrjvc:r:i -i ¡.'i.¡.r t,}tc c{:)cti!:l l:r5r ir';:i.,":i-s1;i¡-L'"

si s.l u '{t'{'.j."{-) <-l(tit<"l al¡tl- 'l;'ll¡j-l' i'.!ti: l'r'rì'ijÌ¿rj-l :f''l <t:i''l¡ ¿ir'lli i)r';Ír:r:i 1¡-i c

1;l:c Ìì.:ìic{):r,lr -ì -i;r:t,t.Lf pir',:'t.i c.ì -¡,r;' it': ii :i.¡': i;!"t-i I'i J-'-ì -l i j:ri¡'; "

-l-:,r -iLi L:r r-:i--i::ì¡1.*::' E-ì Ìl:i .l.-i .i-li'¡''; ;lr':r':iri.ì 'ii'l iiÌ': ('¡ì\r''''-i;-i tl¡"' (ìi] f"i::r-'

fr¡r.;.t.:t;:r:i.i :;l¡:i'l-'.,,1i: ,-rf 'ì--J.-'i,: l,;;ll'i.l -1. -i ìri 'Ì:ir'! .i ii¡r rrÍ' ¿:iìlil i' ¡:l i cr-'

r, i, j--l !t<,, ,.ir,,:-.,,,,,,ì i)..t* ¿-ijiçl ;ì.:;-i.j -r'tilrrl l:il-:-r,i.i -l- ì:'---,:-i, ''-l i'¿'."..i::!-j r: ìiiì i.

-l-<,.¡-;:,>r,, il-iill i;;,:i ii,¡:.:¡--,j 1.ri,cl--r i',.1 'i-::.:: i.rl':'l i, '

I.r ' r' .i, ilj , i,.::,.: ii r.;: :;l . ,ì . I "

Üt:,t:'t.rt,,,ri--i i-t.':i' !. í::i'...1. .tl'.i:t,ir ¡1rìrr Ì l' Í. 1';.'i.:-''r ':.j:;ì i':.': i'r i:Lt

J-¡., f';'.,:.1 i. I;'.';'-i- r'',;; i;t: ri.'i ai, :.'i-i {.: i:'

{,i .:,.: i,l .' ,i'.t-"t;:¿ ii-iilì {r¡t,jl':,:..1.'i,.:-i.:.r. j ;;,'..1','",/'..: ; :i'i:

i: ï:t.,,.t -,, r:,:- ì i'+

V ,, t..: i I t'.ì ¿:' i' :.i....)
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" ¡: r'; ¡:, i t': i.i. 1- i\
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HÇ]iJ*rlPJ :,1,-(¿å^

s. b l':ri rnr,r:ri-rrur C

E:_*SS"lj" ol-l.l IJ\¡

5 "2.3 i:Lli--g:ç-.f::,

14t:r: r-; c¡ anti

Il¿t],: i.: :i 1; ¿rrl {;:;.

Jt.ir.lrì r-i t ¿rrtt.i-

Iiabl-¡i t; ¿rrl 1. i..

(2. a.3)

{r't,"2"f,"¡

çz"z"s)

V " c;l:,'¡ -l (Ìrl:l'í:ì el J{:} }1.t (t.6"n j

(2.6.1].)

(e.6":;)

(t " C,. ú)

5 t5 9 Li ¿r ..r r-l Oì -¡. 'F

¡*1 i',11.'-l i' ¡ I ,"i '-' ". {})

56':)it -. sr .i. g.ir

5"ì-"t:' -lì.1,:r:.'.t".i "::.: r i,iÌ.,l ir,,,.¡.'.ilrr rr.'.

Î'j .i- <.:t-. lyr.l).'{:! -Liii:,1;¡'qr li:'¡r.i:,<':<l i¡l-'¡,:.i l;:i-' (: (i'r;':;- lf ¿.i.Ì'(.iì1:i -i-.ri ?'riìùi

'ùlr^r,r r.il¡;1.,.i -1 i¡.1 i i,:l i. j-;.-,¡r -ì :i ¡ri: i. i:'-1 ir^{. {.tÌ¡L¡:i'i, ri cÎl :-r|r{i -1-i.i

lr<.:. "-r, '1"-i.tî L:i-ir;,1:,11 .r13, -i.ì,ìrr', 1:.r í,"i"1;.i ';ll, i.ì, 1:,;.:, '' í.:i',;l':'í'i-, r

.). ,:r

t (';. .iL,:i,,;. ..i-,tl.: ijril:; ì(.i:, í-i, i l,iJ ('.i ')'i" -i '': i;'';,

. ¡., -...\ ' '"
l.l,.:i..:.¡.i:' (:',-'.,,r' i.:. i 'i' .:. r i: .;1l; ¿ ¡ i -' i('

;:.

t),,--r,'i i:.,! ll iìL'i.'ii":,," r,,'í:'!r-: i::jr.1r:'ir'-l i''i-i-..: r i:'t::ii

tt'<1 ì., :,',,) 11..,',.--'1 L .:ì " 'f ii.:, -!.tt\: 'i ijìi t,; ì ;.!i;- i- i:;: {ili. j.:;.1 I t' i.l,': 1,, l--t ''

a-;111

rli;;,i.i.:r:,,;-'

{- -i l'; :'l i; ':

-i:' .ì a)

r:;.r'.; : i;'ç

j.:l {-! :; i: t] i.

t.:;::'l 1.!::¡ ¡; i-,::-i;,i:'-::ri a; í:r-rìr:r:'i'i-,,ì ':,'-l i.-i ¡ i:

': ,: ',.i,r-. ::.1 :-r:,r.i .i r:.:.: . -j:..'f i.,:--:' I ii ::ii:'-r.iì'!:r-1.:

{.-i'r ¡,,r .1. t.r .;.r j .' 'i-' . r :.1
'i.¡,,I1 -,t., i;:..'. i; 

"

ii i;: i .i :..: ¡-, - .1. i.

ì;y i i, ' l.:.i r..r r.:'.. t .'.:,: ; ì" i

.....,: -! ..^--,t-:':- .,.:. ri \ii-::.ti,:tri1 i :.::r.r'i;l'-:ìr':r-

j"'.i:,,i'tir!:::: l.:"-!,{-il'r{.:.: \' ;.i:¡,':,.' ;,t''.:.:. :,'.'

;rriì:i i.i.ì. I -i. l;-t.1. i:; .L1-i :;:,1. <-;:i-' 5-ii),'.

{, .:

-l.jlrl," ,i i¡iiì-¡ i-';',

ll<',ttir;,-',q:¡¡1 j ;1. i;'..1 i ::

i-,-ll.i., : ; ' l

i. l'rl: !..'a;f ,ir,-4. ,.:-: i:r-:r.,-, r;'-i' :i ;r'í..'.:;', i.,.: 
'. 
lij, :':ij..':ì

ij . i,.¡ r,-:1, .i i' ir;i,1l -i"1.).{., i l:,:¡, t: } " ¡"1 å I 1¡::';1,'i

l:,:.:::,:, ;.,,..1;11 j.¡-. r,.;..,¡'i:. lr-Ltt i..-.. t^.,,: i'; -i'i:.' ::.';:-iì.ì ¡i

i;c i ì i..il :']:'i.i'¡-l ¡i'i:1 ::,-,1',1r'¡{ ¡;.



100

Tlre results in Tables 5.1 - 5'6 were calculated on

the a.ssumption that the % of radíoactivj-by found i-n

erny sarnple indicated tlre initial 'þ of víal¡Ie or-

gan.ismsinttratsampJ.earr<lt}ratarrycllarr¿¡efoundin

theviart¡Ienumt:ers'wa'qduetok'i-l'lirrgortogrowtle

oft}reattaclredorgani"g!?l9.Sinceitj-surrlílcel-y

thab afl-y sig;rj_ficant amouil.t of 32p will, leave t;he

bacteriawitlrot.rti;lrerrrganismhc.ingkil].ctl'tlrj.s

as sr:ntpt:L on i. 's pr--o'!:::lb1-]' val i'cl ( Sp: Lnnagel- ¡',¡rcl

Wil"scrn., .L965) "

5.2"5 S t r,+ r--r t, oi3'y c -i.:'¡

I+ß l:c¡urs b*fare thc e:x;:c:r:i¡;ents¡ e¿¡-ch ¡fie-'llse rgllfi fJi l'c";n

50 lrlg of st:'ept'rlrtytì:i-rÌ- c:^ii1-'1 y'

5 "2.6 J:lx t.r,-:rc l: i r-rrr c I .l,l-l t

(;t.3"a) " .l:í'tc¡r

ltilr:-ì tri,¿-tt:+ f'cll:l. c;d

\:tr.rt 1,1:C ior.l

T'i;.rl ro¿i;ì-:.c,d r-r".;e11 tr., rr-i,,1 {l\¡fiJa t.l:l: 3?-t'1¿rItr+l f jxccl i'o ¿ttì

ir.t-b¿t;1.;j-tia.l -'l-oop al-t;c+:-' ¿¡ st,¿r;.rii;'r..::-il c:''pcrirr:rlri t 't:ríj-'dj

t¡al:i<;r'1.[..'|-'j- t;}iù ÚI1 f} Lr¡lÌd.;i]1. L¡s j-..;c-J.a:.1..e -..;.:i tiit:i:i.cr]- cëì,...-Ls

f:¡:9:r 1.,Ï:e.:¡ i11t,jr.¡; b:i,:rl¡..i. ¡;ì-(ìf.)í.¡sa.r- (F,l',':,.i,"llt" ir1?r1 üj:iriLil::'i'ili)¡-+(Ìt*?r

1..()'l .í-) *lr,:! (i,::;.i.Ì'i I-ìt;ti j.;:l 2 "'-l-\. ''l'1lr: -l r"Ü 5" 'ul;;i c1 ¡l"ri

lree¡¡ ct[t aËr11¡l ru-ii:ì 1-ì-:o i'i;r'i¡;!lJ'-)¡ t"e-l;]lc''iJ- x:t1\l:] i-nr-:uì'r¿:' iz':"i

fc¡ r' "-)O ln,i r.r a t

h ylrl ç l:c.¡n.i tå¡-r s t'r

of intcE+t-il¡-:t>

f ,5o in 2 - 0 ii¡l- c¡f l'rlr;iiui:i I Ç(ì'{i/tri:i n'i.r'l¡';

(2, i. 2) i!;itl .ili:r;',ri-.!:i.1; :1J'<":j ûrr'

rq:J,qlaí;c.: e--p-i t-hel. j;-:-.1. ecl-'l, l';. T b

:i-lrr:r:r-i:* i;i e¡rt t'lre p:i.{;r-;c-r

i-r¿to 2"Û nil of nl:'eeliirrt l. l-

í:ì 1v]-".i. :1'.1 tt-ri :;.: f'o -r' ? rni n h;:

1i'îis' ti.rcn 1ì{.r,,i,:rg't'::ilij-zctçl i:r
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another 2.O ml of medium II' The released epi-

thel,ial celIs were centrifuged at 5OO rev/rnil

for J min, tested for wiabj-lity wlth t'rypan bl-ue

and stairred with I'lr igh.t-Gi-emsa' Ali<1uots of the

incubatiorr mecl-i-um, tlouiogena'tes I wû's1Ì f luids an<J'

superÐ.atants lrelle a-ssayed' for the radio tr¿rcer'

o f 321t,- l*t ecl \¡ ol er 6 D

r-I t hed ìJ the ínt s hi.naJ. 1

Table "¡ "7. skrorn's t}lc at¡rount of ¡:adloactive latrel

ancl *he nrur¡bcr of -l.i r.ing orga.rrÍ-snrs recovercd frot¡i

the verr:icus vash fl"ui-tl'";, aÐcl ths homcgcrrized tisstre

¿r f te ¡ 1O rni.n. lncrrt.¡et-i r:n t'¡f' 3" P-1 abr¡l l. erJ

V " cho _1" r.:riì e 569]:l jn en int¿rcl; irrtcsl''.;jr':¿¿l J-ocip'

f'fost of '|.;J:le racl i.t¡:rct,:i vit)' rlricJ the Iiv:i n¿J v'i'T-r;rit'rs-;

rüeï'Ê l:,(,)cov€,;î,¿d j r¡ ti¡+ I'j-r:r¡'i. e-ni-'1 s(.:co¡lt1 ¡v¿rsh f''Lr"j d

r+-it;}icctrlplr.¡{,g*rl.i.iil.r-i.1.ity"-j]J;..1'1,]ij-::t..1'g¿a-s]lll-l-r¡iqlCi)1-ì-

t¿eiirr:rl- 1rçr-r'Ï l.ittl e lt''¿¡.tl j'r-¡í'i':-:'t;-í v-lt'-i¡ c;:il.e'l .trJ-'5r 4O l{' ot

this 1{as stiI.l irl livii:rg; or'3ori:.i-$K¡Ei. ./i-'l-r*trt '} '¡L of

tl.re ..*¿;-o t.racer v,Ì¡as :;'i; j. l tr í,-s $oc.i;'l L.t:cì 't+:i- l;Jr t'l¡-ç'r

t-issue after tLrc f':L¡1:a]- I\,alì1¡ c1l¡fi¡-li1.r('triri '{-t: J r',l 9l itr

5.3 Iìesnlts

5.3.r

the fj_na-L wrrr;Ìr.irlg; f',1'r-rj-cl, i r:d.Lcrr.ù;in¿1 Lh¡.i'i; tir:i s

activity 1r'a-s fj::'rn1-v ì¡t:iuriL tc¡ thc 1;-i-hsu-c-:" l'JO¡:e

i n¿is ::en¡orre>cl l.ítti c f'urtlic:r r¿¡,itj.o tI'i-ì-ccìr-'" 1['l'rc'

c.rf J-ivirr¡; t):ìlßill-ii l;i:rl; jÌr;r::lcl irr tJ.ìe l¡;'¡¡¡hecl piec:e:r

testjne anrol¿*tccL l,c¡ O.C)? ,/, of' tlr* j-r'aciTi.u.l!ì.

i:ãr cì i. Ð -

1,.' ¡t, p lt *

rir: ¡¡ll-r t l'

of' i. n-
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Accordingly, onlY 2

bacteria were still

the finally attached

(ratre 5.1 ) .

5/'of
viable

Different results were obtai-ned in a similar ex-

periment usi-ng 32P- label1ed S. tv'nhimurium c5"

MoSt of the bacteria Ì¡ere recovered in ttre first

and second wasl. and the organisms recovered in the

washed and ?romogenized piece of intestine showed

onry a 50 2á arop in wj-atrílity (tatre 5-1)"

In Table 5.2 the recoverry of radi-o tracer, J-ivi.ng

organi.sms and tkre ctran¡4e of viabj-lity after: various

times of incubation of V. cholerar: 569F in a loop

is shown. The amount of label fixed to the washed

loop reachecl its maximun¡ after 5 rnin arrd r-cn¡ained

constant for 6O mj-n. T¡e ¡umtrerrs of attachecl living

organisms showed. a. steady decreer,se for the first 1O

min but íncreasect after 30 min" t'he v'iabi]íty shor,¡ed

a cleclt:¿rso after 1 min arrcl wâs l-owest bet'lr'eer: 5 and'

lO min but rose again by 60 rnin. 1'his increase by

60 min is probably the result of an overall Srowtb

of the total bactorial population in ùhe 1oop. Sinco

the wiability of the firrnly attachod vibrios $/as

lowest 10 min after injection this time point Ì'/as

chosen for all subsoquent experiments.
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Tabre 5.1: Killin6 of 32p-1abe11ed organisms absorbed to
the intestinal r*all aîter 10 minutesl incubatíon

in an in vivo mouse intestinal loop'

Organism Sample
% of inltíal dose re-
covered as
32p living organísms

$ viability of
recovered
bacteria

V. cholerae
569s sn

S. typhi-
rnurium C5

Mean t SD of B

Injected into

1. 'Wasl f].uid

2. Wastr fluid

3. hrash fluid

Vashed
intes tine

7

o.o7t o.03

58

37

1.

30++5

.2.6 I

t1.4 t

6S

33

o

100

100

4o

100

9o

9o

54

20

1B

I
+t3

T 1 o.g

2.7 t 1.4

1e
L.5 : o.3

1.O

l-. tlasl.

2. llastr

3. Wash

f]-ui.d

fl-uid

fluid

83

14

1.,6

f2.5 tr 1.4

lo
610

B8

10J6
7ttT

0.6 t
+-)
f: o.g o.3

J.:25
126
132

25
lúashe<1
int.estine o.8

micc

loop: I
5

2

x

x

7

4

living organisms
.rt

c.p.m. of )oP
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'32p-1abet1ed V. choleraeTable 5.2t Killing of

attached to

times after

Time dose recovered as

l-iving organisms
fi víabílitY of

attached bacteria

10

4.2 t 1.5

2.6 1 o.8

the intestínal

ínjection into

569F

at variorrs

loop

wall

the

(min)
% "î inj.tial
jzp

r.2 I o.5

¡2"7 ;

2.7 t L.z

2.5 t3o

1
a o. r-7 o. o7

5 o.5 o. 1r+ o.10

10 o. o7 o. 03

o.8 o.o8 t o.o3

6o 2.3 t o.9 O.27 t O.1l-

a eactr time Point 3 6 mice

+

+

+

+/-o

4 tr.3

L2 t4

Injected: approx. 7.8 x

c.p.m. of 32P.
1o8 living vibrjos and 1.6 x 106



5.3.2 tt

ro5

ki11 ofvt ole

in the i nte s tinal looo without b1ood supply

An intestinal- loop was made as usual and the blood

vessels supplying ttris loop !{ere coagulatod' Afte::

10 min the 32p_1abe11ed vibrj.os wero injected into

ttre loop and incrrbated for 10 mín' The loop was

then cut out, wastred and homogenized as described'

Ttre result of sucb arl experiment is shor+n in

Tabl-e 5.3. .A'lttrough tl.e amount of radioactiwe J-abel

hras about Ìral-f ttrat recovered from'the intact loopt

the numbers of living vibrios found in the loop

r¿ithout blood supply r+as twentyfi-ve times hi6her"

Accordingl-y, the surwival of tho organi-sms attactred

to these loops was higtr. 'I'his indicates that a rarp'-id

killing occurs of those V. cttol.erae attached tc¡ the

intact intesiinat mucosa, and that this kilJ-ì-ng

requires an intact blood' suppl'y for its full ex-

pres sion.

5.3.3 Effe ct of prior s trep tomvcin treatment on

the kill ine process

Inhibition of the normal flora wittr streptomyci'n

has been shor.rn to allow colonization of the in-

testine by pathogenic organisms such as S. tvphi -

murium (t-l:-fter ancl Bohntroff , LgØ) or V. chol,erae

569B (nreter', fg56). The normal flora may act orl'

invadingbaciberiabySecretirrgbactericidalsr,rb-
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Table 5.3¿ Killing of V. cl.olerae
mouse intestinal mucosa

exPosure

5698 associated r+ith
after 10 minutes I

/' uiabiJ.itY
of attached
bac teria

No . viable
initíally
(x 106) b

orgs.
attached

No. of living
orgs . recovered
(x 106)

Normal
Conven-
tional

Conven-
tional
no l¡lood
supply

Nornral
S. P. F.

StreptomYcin-
treated
S. P. F.

9

7.9 t r.g

L5 2+-a-,

52+

o.3 t o.o15

7 t 3"o 83

o.4 : o.25 5

o.53 t o"l-6 7

0.16 3 0.o7 2.6

Signi-
ficance

N.S"

N. S.

S

,j

6.6 I r.2

E.ALR/ c
Conven-
tional

5.6 t 2.8

B^LB/ c 5.6 I 2'.5
Germ-free

" M""r, ! sD from 5

b Calculated. from
Inject.:4 - 6 x

3-6x

o.3o : o.o8 5.3

- 6 mice in each grouP

oþ radJoactivity associated' wittr ttre washed tissue

1o8 live organisnrs
106 c.p.m.
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atances su;h as organic acids (MeyneJ-l , 79Ø)'

In order to find out if ttte normal fLora played a

part in the k111in6 ofV ctrc¡1erae 569F in our

model-, SPF mice were pretreated with 50 mg of

streptomycin 48 tr before the experiment. .¡L11 mice

had an extended cccum fílled with feces mlxed wlttr

gas and fluid (Savage and l)ubos, 1968)' Th'e results

in Table 5.3 demonstrate that the killíng mechanisrn

s ti11 operates af ter streptotnyc j-n treatlnen-b '

5 .3 ,l+ Ki11 ins of ttnrco sa-associ.ated vibrlos

i-n serm-free mice

Since streptomycln did lot abolísh the killing

mechanísul on the attachecl vibrios one rnight ex-

pect thls killi-ng mechanism to operate ln eierrn-

free mice. As strown in 1'able 5,3 the attached

vibrios were clearly kil1ed in gern-free animals.

Effec t of oassive ¿lntibo rlv or i.rnnlutni za1.'i-ott on ttre5.3.5
32ki llins of P-labe1-.1ed bac t eria attachecl to the

ínt es t in.a1 wa 11

opsonízatlonofthebacterlaorimtnuniza-tionof

the mice did not íncrease the killing of tl e

organisms tested (1'aUte 5.4). Dve' órganisms suc1-

AS S. typhimurium o r V. cholerae O17 ¡vhich normally

stror+ed only a slight decrease in ttrelr viabillties

(fauf e 5.I and 5.6) were not aff ectecl by antibody
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Table 5.42 Effect of antlserum or imrnunlzation on the killing of
S.

in a. loop.

5698, QL7 and

imprium C5 attactred. to, ttre intestina1 wal-l after 10 minutesr incubation

y'o vi-abíJ.ity of
Test orþanism

non-oPsonlzed opsorrized

V. cholerae

attactred organisms
Mice

oraJ-ly
immunized
parenteralJ-y

v. ctrolerae 5698
(rnaua)

V. cholerae O17
(osawa)

S. typhirnurium C5

4o

o.6

10

L

3"3 :+2.5 :

20

L2

10
c

v ctrole ae

n. d.

25 L2

r1um

n. d.

t L5 a

o.7 a

b

h.o t r.o d

+

+

33

t1
)L

J

J + f
3o 32

a

b

c

d

e

f

G
b

n

with 20 Ìraemagglutinating units rabbit anti

n2o!lill!tl

!t 10 teriaL agglutination units rabbit

serum haemagglutination titre t/ZO

rr fr ,, l/ 256

t¡ bacterial agg]-utination titre L/4

|l rr r? ?, L/ 2000

.d. = ftot done

EN

5698

o17

anti S
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or active immunization. It shouLd be noted that

antlbody had also no slgnlficant quantitative

eff ect on ttre fixatlon of ttre organi-sms to the

mucosa in ttrl-s model.

5.3,6 Kil'line of muco sa-a ttached V. ctrolerae 5695

in infant mice

Âs shown 1n ctrapter 3 tl-e k111ing rate of

v. choler.ae in the small intestine of infant mice

appeared to be lncreasecl in tl"re preseu.ce of anti-

body. therefore, the effect of antibody on ttre

kilJ-ing of V. chc¡lerae attached to ttre lntestinal

wal1 of infant lnice was tested, since the intestine

in these rnice is very soft no attentpt vras made to

produce loops. Ttre 32p-1abe11ed organì-sms (voJ-ume

30 ul ) were ínj ected direct l.f into ttre small in-

testine, Most of th.e srnall intestine was taken out

lo mln later, cut open ancl washed as clescribecl . I'he

results are given in 1'able 5,5. Only a sf ight de-

crease of viabílity of non-opsorrized orgarrlsms 1.¡as

found án¿ this ¡,ras not ctranged by opsonization with

whole antl-serum or purified yA antibodies'

5.3.7 Sensl tivÍtv of different sram-negat i'v e organi sms

towards the killine mechanism

On Table 5,6 some other V. cholerae straíns and

ottrer gram-negative organisms are listed rvhictr had
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lable 5.52 Killing of V. cholerae

ttre intestinal wall of

6-day old infant mice

body on it

Vi.brios opsonized vith

NRS

Rabbít anti 569B úA "

5698 associated with

the small intestine of

and the effect of anti-

fi vLaTrillty of wibrios re-
covered from the washed looP

5o (6 )*7
+

b

83 3 zL (4)

(t*)Mouse anti 5698 serum l-oo t 32

x Number of mice

a 2 haemag6lutinating units addod to ínoculum

b It2U^n llll



Table 5.62 Kil-ling of

with mouse

minutes exPosure

111-

different bacteri.a associated

intestinal mucosa after 10

Organism

No . viable
ini tially
(x 106) b

orgs.
at tactred

No. live
organisrns
recovered
(x 106)

o. 3l* t o.lh

/ Survi-val

4.oB.V. ctrolerae
569F

V. cholerae
o17

S. thyphimurium
c5

a

b

stha

T9"2:

3.6 I 1.8

2.8 L.4 t 3.L l+B

NVc 5698-L65 4.o t o.8 o.zo J 0.16

E.coli OIII BV

5.o

66

5.o t z.o z,B t 2,L 56

2.4 t L,7

Mean t sD of 6 8 mice

Calculated from S radJ-oactivitY
associated wittr the t¡astred tissue
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been tested in this loop model. In additlon to

v. clrolerae 569B the hybrid vibrio 5698-165 whictr

does not strare somatic antigens with J69n was si-

milarly sensitive towards the kil1ing. On ttre

other hand, V. chol'erae OI7 appeared to be quite

resistant. Both E. coli O111 BV and S . tvph-i.murlum

C5 we.r'e quite resistant to the kill-ing and the

amount of racllo label bound to the mucosa htas si-

mllal: for both organisrns and comparable to

V. chol.erae 5698.

5 .3.8 LocaT.iza ti-on of the k1lled vibrios attactred

to ttre lv'a.shed ínt estinal loop

The radio tracer attached to the washed tissue was

origÍna1ly located in aPProx. 2 4 x ro7 v. cholerae

organí.srns of which only J x 1o5 Ìrtet'e still viable

at 10 min. In order: to obtain some data ort the

natur.e of ttl.e killi.ng mechanism an attempt'v¡as rnade

to locate the dead organisms. one approactl rvas to

section ttre wastrecl loop after the usual type of ex-

perirnent and to dotect organisms under the U' V'

ml-croscope using fluorescein-labelled antibody'

Although one would expect approx. 1OOO víbrios per

section only an occasional víbrio could be seen'

rt seemed, therefore, possible that tl.e atta.ctred

32p l.abel was no longer 1n antigenically intact

bacteria but r,ras in the form of fragments or evelr
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TabLe 5.72 iocation of the radio label in the intestinal loop

P-IabeIIed V. cholerae 569832

3. ? x to4 c.p. m.

centrÍfuged
80000 x g

2.1/2]Ûr:s"

6
(2.2 x 70 c. p. m. ) injected into loop and incubated for 10 min

4
loop incubated for 30 rnin in Medium I (7 x 10 c.p. m. = LA|%o'i

loop transferred Ínto Medium II

c
I
r

(;

centrifuged
0

I

50 xg

Vibratlon

SN

1.0 x to4 c.p. m.
1J,íTol :

1 xlog .

$.5.%'

SN

Homogenised loop
a

2.3 x10" c.p.m. (370)

Eþithelial Cells

2.4xLo4 c.p.m. (g6%l

I

cen*rrifuged .

500x9
I

g.r x 104 c.p.m.
gs%o\

1.1 x 10
3

33.0 x 10 Cop.Ð..

c. p. m.

DEP,

41.4 x 10 c.p. m. (20?

washed 500.x g .

D Þ

^1.1 x 10-
(16%)

SN = superoataut
DEP = sediment

g7o\
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1L4

no
free )tP. lle, therefore, tried to determl-ne the

location of the label. A nethod was adopted rvtrictr

Ìras been used to isolate epi-ttrelial cells from th'e

fntestl-nal mucosa. Ttre result of such att oxperlment

ls shown in lablo 5.7 . After lncubation of the

wastred J-oop for lO min in a medium contalning

tryaloronidase about 60 f" of t1-e l-abe1- was found 1n

the incubation rnedium and 35 $ was ässoclated v¡1th

the epl.thellal ceIls after they had been vj-t¡rated

off ttre mucosa. Atrout BO É of ttre epithelial ce1ls

\,{ere alive as testecl by t}re trypan trlue exclusion

test and 95 1ß of the cel-ls could be identified as

epittrellalce]-]-s.Therestwereelth.erleukocytes'

lymphocytes or non.-.identifierl ce11s. Furttrerr Idash-

ing of tl.e eplthelial cel-ls removed another 75 ft

of the latrel leaving 20 % of the total trabel firmly

ce11.-bound.

Di-s cus s íon

our results suggest that a bactericidal mechanism exists

on ttre mucosal surface of the sma1l intestine which is

able to control bacterial growttr to some extent. 'fhis

suggestj-on rests on the assumption that the greater pro-

portion of radloactivlty attactred to the .intestinal wal1

bycomparísonwittrthenumbersofvlalrleorganismsls

not due to preferential absorptlon of free 32p or of

dead organisms in the inoculum. several datar Ìrowevert
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indfcate that these alternatlve explanatíons are not

I-lkely:

1) Usíng other organ J.sms suctr as V. cholera.e OL| or

S. typhimuríum C! the lncrease of specific activity

is considerablY less than with V. clrol erae 5698

although the amount of free 32p or already dead

organi.sns is approxilnately the same'

Z) Rs.sults obtained in loops without blood supply de-

monstrate directly that ttre radioactívlty firmly

bound to the mucosa represents intact organísms

whích in this case are not kl.ll-ed.

3) In ttre infant mouser using oP sonized V. chol erae 5698,

the percentage viabiJ.ity found in the firrnly fixed

or8ani.snrs was not differelt from tþat in the inoculum.
o.,

Tlrls coulcl not happen 1f free )'f' or deacl oz'ganísms in

the inoculuttt rnrere preferentía11y absorbed to ttre mu-

co sa.

It appears also unlikel.y tlra.t the kil]-ing occu¡red in the

lumen fol1owecl by absorption of dead organlsms or frap¡-

ments on to ttre mucosâ¡ ¡\s shorvn 1n Tat¡le 5.1'" no measurable

k1llíng occurred of those organi.sms free in the lumen. The

dead organisms found on ttre mucosal surface and indicated

by the radío tracer represent a very smal1 part of the

wlrole population (l f.). 'ftrese organlsms would not sígni-

flcantly increaso the amount of dead bacteria already

present in the inoculum, and for reasons given above it

1s not likely that ttrese are preferentially absorbed to

the mucosa.
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a.lthough tl.e fixed vibrios are initlally kill-ed very

rapLdly the kilIlng does not continue wlttr ttre same rate

as Lndicated by ttre fncrease of vlablllty after lo ru1n.

This |s parallelled by an overall growth of th.e whole bac-

terial populatlon present in the 1oop. Ttrls inabil-ity of

the killing mecÌra.nism to control growttr of the whole bac-

terial population can partly be explained by the unphysio-

logfcal nature of the loop model. Under physíologica1 con-

ditions, tl-e majoríty of ttre organisms would be flusl-ed into

the large lntestine, ttre remaining ones would be spread over

a much ryider surface area and ttrus the ínfecting orgarrisms

could be removed quite effectlvely. On,ttre other trand, ttrls

resul.t points out tb.at this mucosal kil-ling mechanism has

lts linitatj.ons ancl can be ot*"torne once too many organisms

are attached on to ttre mucosa at olle spot'

Some conclusions about tl. e nature of thís killing mechanism

nay be clrawn from the resul-ts obtairred. Most of the raclio-

activity lltas recoverecl from the mecliun containlng trya]pro-

rrídase in which the tissue wa.s íncubated. Anottrer part

could be removed fr6m the isolatecl epitheliurn cells by

washing. since most of ttre eplthelj"al cells 1r'ere lntact

after ttrey had been released from the mucosa by vibration

this ¡vould indicate that lysis of most of the organisms

occurred on the epithelial ceIl surface or in ttre trlucolls

layer. ^A.fter enzymatic dlgestion of the mucous layer: the

1abel1ed bacterial fragments were released j.nto the in-



LL7

cubation medl-um. Only 20 f" of ttre label ïras flrmly flxed

on to or inslde the epithelial celJ.s.

The killed. organisms could not be located microscopícal-

ly with fluorescent antlbotly, probably because ttre bac-

teria rvere lysed t<¡ such an extent that tþe fragments

were no longer antigenically .intact. This is supported

by the fact that 90 % of the radio tracer is of small

moleeular sLze as shoun by centrifugation. À similar loss

of small molecular size compounds after lysis by antibocly

arrd complement has been strown by Spitznagel (ryeA a and b)

using smoo t¡ 32p-1abe11ed enteroÏ:acteraceae. Follorvi.¡g

further conclusion about the n.ature of the killing me-

chanism can be 4".ìt fro¡n the results obtained:

f ) An lntact blood supply is requi.red for maxj.mum effi-

ciency. 1.his could mean that ttre epithel-IaI cel.ls

must be metabolising for ttre nechanism to be efficient

(see also GENDR.{L DISCUSSTON ).

2) The normal^ flora seems not to Ìrave an effect on this

killing mechanism as shown in streptomycin-treated

and. ger*-i".e nrice.

3) This k111i¡6 mechanislE seetns to be much less developed

in infant tníce. 
'

t+) Antibody given passively or active immunization has no

effect on the killing of the attached organisms'

5) Different gram-negative organisms are variably sensítive

towarcls this killing. T}ris agrees with ttre resul-ts we
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obtained in intact adult mlce

S. tvphínruriunr C !

less killed than

Table 3.7).

and E. coli

V. cho.1 euae

32p-t^ae1ted.

BV were rnuch

see 3.3.3 and

rvher e

0111

56sß (
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CHAPTER 6

rlloDY ON TI{E ADS ORPTION OF V. CHOLFJI'AE 5698DFFECT OF ÁNT

COSAL ST]RFACD: A PROTEC'IT.VD MEC IIANISM TN INFAI{'f

If ïcE

ON lHE MU

Introd.uction

Int}reinfantmoì¡seantllrodyclearlyenh.ancedt}reme-

chanical relnoval of V. choT.erae 569 B from ttre small

intestine (t+.¿), most J'íkely due to preventíon of ad-

sorptionoftheor6¡anismstotlreintestinalwall.

Furttrer evidence that antlbody may prevent tl-e ad-

sorptíon of patho€iens to epithelial cells is given uy

the results of Freter Ggeg) and l^Ii-lliams and

Gibbons (]-g7z).

In this ctrapter.we have i.nvestlgated several antibody

preparationsfortlreira}rj-li.tiestoreducea<lsorptionof

v. ctrol-erae 5698 to isol.ated íntestí'aI epittref ial ce11s

and corre1ated. t}.ese to a6glutination and protective

activities in infant mice'

6, 2 Materlal.s and methods

6,2,L Bacterial s trains

cholerae (2. z.t)
(2, z. z)

(rrr) ( 2.2.4)

(z'z'3')

V . ctrol erae

6.L

v 569B

oL7

v58 SRV . ctro l. erae

Ncv 569Ð L65
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Some of these strains rdere used as

resistant nutants (2,2. B),

6.z,2 Á.nti sera and ourífi ed antiboclíes

streptomYcin

(2, 6. z)

IeA and serum IgG with arati--569F

antibody, Preparation seo 2'6'7

Mouse antí-5698 I

Rabbit secretorY

activity (2.6.6)

Anti-O and anti-H

6.2.3 ¡\nt I bodv assays

Haernagglutination assaY

Ilactericidal assay

l'ube agglutination

(z.ro.r)
(2, tz)
(2.:.r)

ratíon of i-s ol,at ed int es tinal ep Íthe1íal ce1l.-s6.2,4 Prep

Described in 2,L5

6 .2.5 Adh erence of vibrios to epith el ia 1 celJ.s and

macro scoI)l-c assluti-nation

Toonenlofeittreranantibodydilutionorsalj-neor

nor¡nal 'seruln control l- 2 x 10B v. chol-erae 5698

$¡ere added and ttre suspension incubated for 15 min

at 37o , To O.1 m]' of this bacterial suspenslon

I x 106 intestinal epithelial cells -rÍere added. and

ttre mixture incubated for 60 min at 37o on a sttaker'

Each santple was centr:ifuged at low speed and the

pel1et resuspended in O.2 m1 of Hankrs medium'
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Smears of each sample llere prepared, fixed ín LO %

methanol- and treated with fluorescein-labell-ed

anti-serum as descrlbed in 2.L6. Ttre fluorescent

bacterla ïtere examined rvith a' fluorescence micro-

scope (2,t6). The effect of antibody on acltrer:ence

ofV cholerae to epíthetial. celLs was evaluated

by determínlng the percent epithellaJ- ceJ-ls with

adherent bacteria. All values utere adjusted to a

control value of LOO %".

6.2.6 Mi.crosco p ic aasl-utination

Microscopic a6glutination was measured 9n' san:ples

prepared tn: sarne htay except ttrat epi'theJ-1al cells

wereabsentfromtlresuspension.Aggltrtj.nationwas

scored on a scale from zeto to four according to

tlresj-zeofagglutinatesformed./\ssesslnentsof

bacterial adsorption and niicroscopic agglutínatlon

were determinecl usi-ng a doubl'e trlind method'

6,2.7 Infant tnouse rrro tection test

This test has been described in 2']-4' For con-

veníence and maxlmunr seïrsitívlty, the protection

tests 1n this ctrapter involved oral- administration

of V . cho l- et:a e togeth.er wíth ttre anfibody dilution'

Significant protectíon, howevert can be obtained if

the antibody is given orally or systemical-ly (i"t'

or í.p. ) several hours before ctrallenge

(ctratcumþa , L974) .
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In most protection tests ttre oral inoculum uras

assayed simultaneously for mícroscoplc agg¡lu-

tlnation and bacterial adherence to epith'elJ-al cells'

6,3 Results

6.3.L c rr'e lat i n between ads t ion l-utination and

p rot ect ion

Ttre data in Table 6,I shorv some correlatl-on between

ttre abillty of whole antiseru¡n or secretor:y IgA to

roduce bacterÌal adsorption to epithellal cells and

tt¡.ej-r ability to protect infant mice fro¡n cholera'

Furtherrtore, the decrease 1n aclsorptlon of Y-:.--gþg-;

fetag to epittrelial ce1ls appears to be inversely

related to ttre amount of ag;glutination presertt'

6.3.2 Effects of anti--O nd ant i- -H antj-body

.A.ltlrough ttre rJegree of agglutinati'on, red.uction in

bacterial adsorption to cellsr and protectiorr seem

to parallel one another ttrere may not be arry causal

relationship between agglutination and protectíorr;

the agglutination may simply indicate ttre presence

of antibody which acts 1n somo ottrer rnanner in viYg'

If agglutination of organisms exerts a protectíve

function.anti-flagelJ-aantibodiesshouldprotectirr-

fant mice from cholera. In order to test this possib-

'iJ-ity antl-O and antl-FI antibodies l{ere purified

from the ISG (anti-O, H) and each anti'body pre-
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Table 6,L. Effects of mouse anti-serum and rabblt
secretory ïgA to V, cholerae 5698 on

a6glutination, protection and a'dsorptÍon
-of bacteria to eplthelial cells.

. Percent
Sample tested Dll"ut lon survivalJ(

Ml cros copic
agglut inatl.on**

Per:cent cel l-s
with adsorbed
bac teria

a) Mouse anti-
569F_

NÞfS

b) Rabbl-t
s ecretory
reA

NRS

13

1:

l-:

1:

100

4oo

1000

1.OO

1: 4o

1: 4oo

I : kooo

1: l+o

100

18

o

o

B9

L+5

4f

10

3.3

2.4

2.O

o

1

O.

o.3

54

69

86

j-oo

59

76

100

r_o0

o

)

I

6

* Determined at 65 (") and

7with 2 x 10 V. cholerae

tÉr

N}fS Norma1 I'Iouse Serum

NRS Nor¡nal Rabblt Serunt

o.o

52 trours (u) after ctrallenge

569F

Scored on a scale from O to 4 according to the size of

the agglutinates
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6.3.3

paration was tested in the same three assays. Tl.e

characteristics of these antlbodies are i.rrdicated

in Tatrle 6.2. The anti-O retained the IIAr vibrío-

cldal and O-agglutinating activity found in the

original IeG (anti-O, H). Ttre anti-H retained only

H-a'gglutinating actfvity; it had no measurable

activity in alry of the assays involving bacterial

somatíc antigens. All three preparations protectecl

infant mlce fro¡n cholera.

'Ihe relationship between protectivq, actlvity'

a6glutination and adsorptlon to epith.e1lal cel.1s

is shown in Table 6,3. Dacl. of the antibo<ty pre-

parations h¿rd good protective activity (gO to fOO %

survival) only at, concentrations that caused obvious

a66lutination and a reduction in bacterial adsorp-

tíon to epíthe1ia1 celJ-s of at least hO to 50 %. Iir

order. to accurately i.nterpret ttre above results it

was important to ensure that the anti-flage]-la antj--

body was pure with no antibody direoted against

somatic antl5ens.

Abs orpt ion of antl-H wi th a trntrrld vibrio

The anti-ÌI was absorbed with a hybrld vibrio

(569n-t65 SR) whlch sl-ares f1age11ar antigens with

V. ch.olerae 5698 b:ut does not possess any of the

soma.tic antígens of 569ß (see Table 6,5 and' 2.2.3\'

The data ín Table 6.1+ strow that progressive ab-
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Tablø 6,22 Biological activitles*
' Preparations containing

of rabblt
antl-O t

ctro]. erae

rgG
H

5698.anti-O or anti-H to v.

ÄntlbodY
pre-
paration

Haem-
agglutiir-
atíon

Bact eríc ida]- Aee1r¡t lnrrt lon'Éx*
Boí1ed LIve

Protecti ve
activ'l-tY
(pp 50 )

Anti-O,H 5OO

Antí-O 48o

Anti-H (o.lt

:f*

*-r*

6.2 x 10

3,3 x l-o

<8

54 930

33 33

(r. 93o

1323f3BOxn

260! 96

305!úz

4

l+

* Âctivities given as the reci'procal of
dllution per mg of original total IgG

ttre end po int
(anti.-O, U)

Mean plus standard deviatlorr of four

or five (anti-O, H) exPeriments

( ant i-O ancl ant i-H)

Corrected tube agglutlnation titres against washed

boiled organisms or wastred live organisms
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Table 6.3t Ðffects of rabblt IeG contalning anti-Or H'

antl-O or anti-H activitY to V. cholerae 569F

on agglutinatlon, protection, and adsorption
of bacteria to epitheJ.ial- cells.

SampJ- e Dll-ut lon
tested

P erc ent
Strrvivalx

IvflcroscopÍc
agglut inat ion*-r

Percent cells wlth
adsorbed t¡acüerla

Antl-O,H 1: 1OO

1: lOOO

1; 1OOOO

NRS 1: 1OO

Anti-O Lz lOO

1: lOOO

1: 1OOOO

N}IS 1: J.OO

Antl-H 1: 10

100

92

25

I

100

3o

3O

o

100

9o

60

o

3.I
t.9

I

o.o

2.5

o.8

o.3

o.o

2,3

L,9

o,9

o. o

o

22

4B

85

100

53
,83

94

100

l+4

4g

85

100

1: lOO

.1: LOOO

NRS 1: 10

* Determined at 48 52 trours after ctrallenge wlth 2 x 10

v cholerae 5698

** Scored on a scale from O to 4 according to the slze of

the agglui; inat es

7

NRS Normal Rabbit Serum
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of absorptíon of anti-Il wlth a hybrid
sl.aríng only flagellar antigen.

Absorption
witl-:

Number of
abs orpt ions

.¡

Live** *.'ËJÊ

agglutlnation PD5O
PD5q.
Agglut ínat íon

IgGx
brs/^t)

Nil

Bo i l- ecl
5698/L65sR

Liv e

569r/ :-65sn

1

3

11

1012

1080

9t+8

1104

1080

64o

640

64o

640

320

29o o.4

390 O,6

2BO o. ll

NI)

1

3

4

320 1. O

20 o.59r2 4o

924 10

llve washed V. ctrolerae 5698

3o3

* Determined by slngle radial immurrodiffuslon using

a goat anti-[

dilution showing macroscopic tube** Rsciprocal of
agglut inat íon

trighes t
again,s t

*rr* Average values of two experiments

ND Not determined
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sorptíons of anti-H with live hybrid vlbrlos Fe-

moves agglutinating and protoctive activlty in

parallel. Absorption wittr the boiled hybrid

(f1age1-1a destroyed) l.ad no effect on the a8-

glutinating or protectlve activity of anti-II'

Aeslut inatio 11 of various vibrio strai-ns

Ttre anti-H (prepared against V. ch.olerae 5698) r*as

tested for 1ts aggJ-utinatlon char¿rcteristlcs against

various flagellated ancl non-flagell-ated vibrios

(taUte 6.5). Only the f lagellated ¡notile vibrios

were agglutinatecl by ttre anti.-H p,reparation. straj.n

V5BSIì (f1f ) which is non-motile and which lacks fl'a-

gelJ-a as detenuined by el.ectronnicrosc'opy (see 2'2'4)

slrowed no a6lglutination v¡1th ttre anti-H at, tl-e

Ïrighest concentratj-on tested (f t 3)'

6.4 Díscussion

The r:esults of this chatrrter are summarj.zed graphl-cally in

Fíg. 6.I. The data s¡.orv ( i) a significant inverse cor-

relation bet1ùce¡ protecti,on ald ttre degree of attachment

to epithe lial ce1ls in vi tro (P < o. oo1) , (ri) a significant

positive relationstrip between protection arr.d ttre degree of

agglutinatiorr in vitrq (p < O. OO1) a¡d (i:-i) a signif icant

inverse relationshiP between the degree of attachment to

vitro and the degree of bacterialepithelial cells an

asslutination ;!¡r-Yiilo (n (o.ool-).
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Table 6.52 Àgglutination of various vlbrio strains
with anti-O, H, anti-O and anti-H'

Strain O-s ero type Mo t j-litY

5698 ïnaba 2400

o17SR Ogawa 800

56gR/r65sP. Ncv 2400

v5BsI¡ (rrr) osawa 80

ilÉ Reciprocal of trighest diJ.ution showing

tube aggl-utination against live washed

Live agglutination titre*with¡
Ànti-O,H Anti-O Änti-ÉI

tho z\oo

l+oo 800

<5 2400

l+o <3

nacro scopic
organisms

+

+

+
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130

Co¡:relation betwe en protection, agg1utination ( 
" )

and preve¡r.tlon of aclsorptlon (U ) t

Sumurarized from the dal;a in 1'abl.cs 6,t ar¡cl 6'3'

The line of best fi.t i.s indl.catecl by " " " " "
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Ttre possi.bility existed that bacterial agglutinatlon was

merely a measure of the presence of antibody whlctr was

providing pfotectlon tlrrough some ottrer n¡echanism. 1o

determine if there was a:r,y causal relationstrlp between

agglutination ¿rnd protection purifi"ed antjflagella anti-

bod¡' ¡¡¿r prepared. such antibody skrould only act by a8-

glutinatlon and/or inhit¡ltion of motillty and rìot v.ia a

dlrect bactericid.al property (see TabIe 6.2). 'l'he f lncling

that anti-flage11a antibocly could protect infant rnice

fron¡ ctrolera and that this hras parallelled by the ag¿1lu'bin-

ating activity indícated that agglutination can be aIl im-

_portant 
mechanism of intesti.nal imrnunity. Ttre.,valÍdi.ty of

this cotlclusiorr depends orl the assutned purity of the

anti-H preparation used in the assays. StronS support for

this assumption is the absence of HA ancl bactericidal

activity (taUte 6.2) ancl the fact that protective a.ncl

agglutinating activity were renloved ín parallel by ¿rb-

sorption r,ri.th a hybrlcl vÍbrio (faUf e 6.4) which strared

only the fla¿çella antigen (1'aUfe 6.5). At fírst sigtrt

anti-H antibocly migtrt appear to t¡e not as efficient as

anti-O antiUoOy in protection (T.alrte 6.2). However, ba.sed

upon specific antibody content, anti-H appears at least

as protective as anti-O. Fro¡n lable 6,4 the naximun

posslble concentration of specific anti-H 'can be

estimated as 50 1OO wg/mg total IgG. The concentration

of anti-O antibody determinecl by quantiúative precípitatio.

with V. cholerae 569B LPS h¡as approx. 2Oo ue/ms total IgG.
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From tlres e values

cu].ated to be I,3

respect ivelY .

It seems probable that agglutinatic¡n aud preventl-on of

adtrerence to epithelial cell.s ã]^e causall-y related to pro-

tection. Microsiopic examination of the epithelial- celLs

andt}rebacterialpopulationatprotectíveanti.bottycon-

centrations revealed that b:lcterial aggregates were pre-

sent containíng 1OO to Looo bacteria or rnore. Agglutin-

atlon wou1d, therefore, reduce ttre ctral le.uge dose of

organismsattlreepltlrelia.lsurface]'ootoJ-ooofold.

the PD

and 3

5 o/oe of antíbod¡r can be cal.-

6 for anti-O and anti-H
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CHAPTDR 7

ANTTBACTDRTAL DFFÐCT OF NTItsODY IN THE ADULT MOUSE:

SUPPRDSSION OF GIIOI¡ITII IN TI-IE INTÐSTINAL LOOP

7.+ Introduc t'ion

Using ttre intestinal loop as a modol to anaLyze the antí-

bacterial effect of the mucosa on \¡ chol erac (Chapter 5)

r{e observed t}rat the total population of organisms in srrch

a loop multiplied over a period of J hours. Active im-

munization of the mice with V. cholerae suppressed the

6rorvttr. I1 this chapte¡h¡e tried to elucídate the anti-

bacterlal role of antibody in tfrit ntodel .r=itS mainly

histological methods.

7 .2 Material.s and methods

7.2

7.2

f Uf-g- Adult Sliss Whi-te lulice ( e. f . I )

2 Bacteria:

V. cholerae

Ncv 56gB-L65

5698 sR (z.z.t)
(2, z. 3)

7.2.3 Immunizations: For parenteral and oral with

V. cholerae 5698 see 2.5.I

For parenteral immunizatíon with NCV 569}J-l-65

see 2,5.2,

7 ,2.4 ¡.nt is erum: l.lous e anti 569B II (2. 6. 3)

,2,5 Antibody âssays !7

Indirect haenrag¿çlutinaùion (e. f O. f )
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Bactericidal assay (z.1-z)

Tube agglutination (2. ff)

7 .2.6 Dxp erlmental procedure

lrlice were anaesthec ized w ith ether, the abdomen 1¡r-

cj-sed, and 5 cm intestlnal Ioops I{Iere 1:lgated be-

ginning approx. 10 crn be¿low the pylorus. using au in-

fusion purnp 50 Pl of a log phase culture of

V. cholerae containing approx. 2 x 1O7 living or-

ganlsms htere inJected into ttre 1oops. The abdomel'ì. was

closed and the mice I{ere killed after 5 h'r. The loops

ïJere retrtoved and þomogenized with an fI1 tra Turrax ho-

mogen i.zer (.lante a¡d Kunkel , Stauf en, 1{. Germany ) lt'

10 ml of saline. fn one groïp of mice viable bacterial

counts tvere determinecl from the tto*og"ttate. In another

group of mice frozen sections of intestinal loops Ivere

examined with fl.uorescein-'conju6ated antisera to de-

t er¡n j-ne the d is tribut ion P attern of V. ch.<¡1erae oll

the intestinal mlrcosa. sruears of loop fl.uid stained

in ttre sane manneilwere exami-ned microscopically to

assess bacterial aggl.utinatio¡. Because of our subse-

quent finding that bacterial groÌúth was suppressed in

immunized anirnals (tauf e 7.I), the i¡nurune mice re-
o

cej-ved approxinrately 10 times (Z x 10") more bacteria

per loop than the non-immune animals. in this experi-

nlent. Thi.s was done so that each group would have

the same numl¡er of organisms after 5 hours and,

therefore, the relative changes in bacÙería1 distri-
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bution and agglut in¿rtíon coulcl be ass essed more

accurately. Alt sectíons and smears

uslng double-blind Procedure.

l{ere assess ed

In separate experiments, mice were passively im-

murrlzed intraverrously or ttre bacteria were pretreated

Irrith, antibody prior to inoculation into íntestinal

1-oops and the numbers of víable bacteria deterrnlned

from intestinal loop honogenates five hours later.

7.3 Results

7.3.L Gro rv'bh of V. cholerae 569ri in the intest.i,nal loo¡rs

of non-ímrnunized and i.n¡munized ntice

In intestina,l loops of non-inl¡nunj.zed animals V,,:-ch.o:

l.erae grew in 5 trours to 1600 percent of ùhe numbers

inoculaùed. In aniÚa1s immunized parenterally or

ora11-y with V. ctroler:ae 569P the tracter j-a nrultip-ti ed

to some extent but Srowth was retarded about seven-

fold rvhen compared to llon-i¡nmune anim¿rls (ta5te 7.f).

Irr mice immurr1*zed, with the hybrid vibrio 5698-L65

which s.hares only the flagella antigen with the test

organism a comparable suppression of gr"orvtl. occurred

(taUf e 7 .2). Tabl- e 7.3 shows t1-e antibacterial acti-

víties of the antisera from each of th.ese groups of

mice. Serum from mice imnunized with V. cholerae 569F,

trad good haemaggl.utJ.nation, bactericidal, and agglu-

tinatlon titres agains t 5698 wtrereas the serum from
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with 5698-L65 had only one activity

agglutlnation of J-lve bacterla.

Paseive immunizatiort was muctr less effectlve at re-

tarding bacterial growtfr in ttre intestine (tatrte 7,4) .

Antiserum given either dírectly into the loop or in-

travenously produced a mild retarding effect on

growth of the organism only rvhen hi6þ concentrations

of antibody lrtere used.

-:)



Table 7,Lz Dffects of
orl growttr

138

lmmunization wl-th
of V. cholerae 5698

ctrol erae 569F

in intestínal

Route of
lmmunízat ion

loops of mlce.

Number

of mlce

Bacteri-a
gf of no.

recovered
inoculate'

Number of bacteria
(x r.07 ) inoculated

Non-inmune 11

Parenteral 10

Values expressed as

Bacterial recovery

19o 1 L75

3OO 1 21O

mean ! standard deviation

determined 5 hours after inoculation

2.8 1 1.4. a 1600 j looo a

Oral

2.8 J l.k

2.4 J r.66

a

b
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lmmunizatlon wíth hybrid vibrio 5698'L65
f V. cholerae 5698 in intestlnal loops

Bact er ia recover:edRoute of
immunization (x ro7)

Number

of mice
Number of bactería

ino culat ed

b

(% of no . ino culat'ed )

Non-immune

Parenteral

Values expressed as

Bacterial recovery

1o3o 'J 3oo a

160 + 80

mean 1 standard deviation

determi,ned ! hours after inocuJ-ation

I

B

1.o 1 o.4 a

1.o 1 o.t+

a

b
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Table 7,32 Antibacterial activlties of
lmmunized with V. cholerae
hybricÌ vlbrio 5698-165 when

V. cholerae 5698,

sera)f from mlce

569P or wíttr the
tested against

Inmunlzed
¡vith

Ilaemagglutinat i on

t itre
Bact ericidal

titre
,t\6glutination titre

rvith
Llve
569F

Bo Í1. ed
5698

256
6

569F, L,5 x 10

569P-L65 lz 5o 250

Non-imtnune (z 5o

* Pooled sera from 10 mice in each group

2000

64

(z

5L2

(z

(z
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Tab1e 7,4: Ðffects of passive
of V. cholera-e 569F

immunization on recovery
from intestinal looPs of mlce.

Route of passive
immunization a-

LOCal

Bacterl-a pre-
treated wi-th:
4 n.u.

16 H.U.

50 H. U.

Parent era,L

3oo I{. u. ( o. f ml)
per mouse intra-
venously 24 hr
befor:e test

Non-immune

Nurnber

of rnlce

11

Number
(x lo6

bof bactería Bacterl"a recovered

) tnoculated (1" of no. inoculated

6

5

5

5 1 L,6 c

1.¿+ t 1.1
3 J t-.4

2.3 ! I.4

r3 : 1.r5

z4oo 1
!

17OO l
4

7oo l

rloo c

Boo

215

O.3 ml norrnal
serum I.V. 24
before test

a The antíserLlm'was raised
5698, The antiserurn had

therefore, 1 ml of this
units (H.U. ).

5oo J L75

L2c,0 1 4Bo

in mice against living V. c}.o-lerae

a haemagglutination titre of 1,/1-OOO,

serum trad 1OOO haemagglutination

rnous e
hr

b Bacterial recovery cleterrnined 5 hours after inoculation.

c Values expressed as mean J standard deviation.
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7 .3.2 Location of V. cholerae 5 6c¡n in ttre intestinal loops

of immunized and non-lmmuni-zed mice

The effects of actl_ve immuni-zation on the l0cation

and distribution of V, cholerae wlthin the lumen of

ttre small- intestine are summarized in Table 7,5. In

tlre non-immune animals much of the epittrelial surface

of villí hras covered, by a layer of bacteria varying

frorn two Lo ten organi.sms thick. of'ben 'L}-e bacterial.

layer extencled dor,rn the lateral edges of villi but

organisnrs r,rTere t).ever observed within the crypts.

srnears of intestinal loop cgntents j,ndicated t;hat the

bacteria rvh.lctr were free in the lumen r{ere not ag-

gregat ed.

In the irnmunízed míce the distribrrtion of vibrios

cliff erert markedly f rom tl-e tlon-immune animals. The

mucosa was conspicuously free of orga.nisms. There were

only a few individual bacterj.a ol-rserved on the epi-

thelial surface. Smears of luminal contents of ím-

munlzed animals showed large aggregates of Viþg:g

cholerae with only a few singlo organisms.

7.4 Dis cuss ion

fn Chapter 4 and 6 j.t

exerted its protective

of the vibrios to the

mechanical removal of

was demonstrated that antibodY

effect b¡' preventing the adsorpti-on

mucosa ttrus allowing a more efficient

the organi.sms by peristal tic forces.
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fn th-e experiurents clescribed j-n this ctrapter: active im-

munization resulted in a suppression of gror+th of

V ctrol erae in the intestinal loop. It lttas concluded thaÙ

ínhibj.ti-on of growth r"ras acþievecl t;y .secreted antibody

which prevented the attaclrtnent of the organisns to the in-

testinal tnucosa, Ttris conclusion is based on fo11ow1ng ob-

s erva 1; i- ons :

1) The mucosa in ttre itnmutr :ized an j.na1s þ/as free fronl at-

tached v|brios.rvhile covered rvith organi.sm.s in tl:e ¡ton*

im¡nune mice. Th.e cij-ffcrences in nutrtbers of organisms at-

tached- to the tnucosa in i-nrurune ancl non-i-n¡mttrte m'ice coulcl

not t¡e quanti.tated but nray be eist]mated to be mone than

lOOO foId, ft shr:ul.d be ulentioned that the tota1. nurnber

of or¿;anisnts per loop was 'approxj-mateJy the salne in

both groups t:ecause l-O x more vibri os had been ínj ected

into the l oop-s o f th e i-tllnrune mi-c e.

2) The bacteria in the lunren of the small intestine or in

ttre snl ears from immune animals'rr¡ere a6glutinated'

3) Growth of tLLe vibrios in loops of nice i-rrrnrunlzed agairrs't

NCV- 569ts-L65 rras s inilarly ÍiuFìpl.essed. Ant ibody in these

mice was lot directed a¿;ainst ttie sonratic antigens of

V. ctro lera e 569B br-rt only agaiust the flagella (fat'f e 7.3',

A mechanical. eff ect of anti-body - agglutination of the

bacteria and inhibition of notility appears, therefore'

to be ttre li-kely mecl:anism of growth sLlppression.

It should be nrentioned that

fected by agglutinati.on. In

the vi.able counts rvere nc¡t af-

contro.l experiments in which
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viable counts were Performed

vlbrio,s, after homogenization

on deliberatelY

in the

agglutinated

of a pj-ece of

intestine the viable counts rvere not

pres ence

reduc ed.

Tlrere are at least two possible ways that bacterial growttr

may have -l¡een suppressed¡

r) Suitable co¡dit j-ons (lutrients, pH, etc. ) for multi-

plicatiorr are lackfue6i, and

b) multiplícation rates and killing lates are equi.valent

resul.lb ing in a corlsta¡rt nuu¡lo er of organisms.

The grorvth inhj-bition observed in this tod", could be causecl

by a reduced multipJ-icatj-on reltl clue to less suitable gror'rth

'conrlj-tions in the lume¡r ancl heavy agglutinatiön of the or-

gani.sms

luruc o s al

as rvell

surface.

as by an

, Fret er'

actj.ve kiJ-ling mechanism on the

(tgZZ) suggested that antibody not

only Ìras an

the nrucos a

effect orr the adsorptJ-on of the orgarl'isus to

but also media.tes an antibacteri.al mechanism on

t}..e mucosal surface. In our ruode1 antibody does not seem to

mecliate thre ki1. ling of vj-brios for the reasol'ts giverr above

( anti-H antibody is eff ective ) trut it is poss i.ble that tkris

killing mechanism describecl in Chapter 5 participates ín

the growth control in immunlzed mice (re" General Dis-

cussion, section 4).

Antlbody given passively was quite inefficient in sllp-

pressing growth of the vibrios in ttre 1oop. Only high doses

given either togetber r^rith the organisrns or injected i.v.
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had some effect. This may be explained by onzymatfc de-

gradation of the anti-bodies to lnsufficíent levels during

the period of the experíment' Rapid enzymatic degradation

of serum antíbody ín the mouso intestine has been de-

monst¡ated by Fubara ancl Freter (tgZZ). In activel-y im-

munlzed animals, however, anti.bocly coul-d be providod colr-

tinuously by secretion ancl this may also occul: in nrice

r{ith antibocly give¡ i. v. 24 Trours bef ore ttre experiment -
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Table 7.5: Ef'fects of actf.ve immunlzat|on on ttre locatlon
and dlstribution ofV brio choler e 5698 in
l-lgated intestinal loops of mice.

Immune

state

Immune

Non-
ilnnune

Occas ional
bacteri-a ob-
s erved

Thick layer
of bacteria

Distri.bution o

Mucosal surface
f V. clroleraea
Intestinal lumen

If icros copic
agglutination

+++Bact erial
aggre6at es

Mostly single
bact eria

+

a" Ttre di stribution and clegree of agglutínation of
v cholerae 569IJ wel.e determined on snears of intestin¿¡1
loop contents ancl frozen sectio¿s of intestinal loops

using a f luorescent antibody t echni"que. Smears and s ections
t{ere examined 5 hours after bacterial ínocul.ation.
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CHAPT]IR 8

GÐNERA.L DISCUSSTON

Tn ctrapter I the determinants of host-parasíte relati'onships

in the intcstjne have been reviewed. susceptibility to an' in-

fectious agent depends on a vari-ety of host and bacterial factors

The infa't mouse ctranges from a state of susceptibility to almost

cornplete resistance to a cholera infection durirrg maturation'

This all0rvs the concl-usion that host factors ,.are of major im-

portance for the resistance of the adult mouse to irrfectiorr in

thj.s model. Susceptibility in infarrt mice, o[ the ottrer hand'

appearstobernainlyduetolackofthoseprotectivefacto¡:s

whicli enable aclult ruj-ie to resist an infectiol' To analyze the

role of rlnspecific defence lnechanisnrs in protection against

cholera ancl the effect of antibody on these the inf¿rn't and

adult mouse moclels appeared to be quite suitat¡le. As revi ewecl

in chapter l bacteria wiII be eliminaterl from the gastro-in-

testinal tract by mechanical renova-l. and kij-ling. To assess

the relative importance of each of these factor:s a second marker

- besides viabilltY had to be used'

Radiolabelling with 32P provided a relatively simple rnettrod

wlth which to labe1 bacteria and count radio-4ctivity in

tíssues.Butafewpointswithregardtotheinterpretation

of the experimentswhere 32P-1abel1ed bacteria trad l¡een used

shoul-cl be dis ctts s ed.
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i) Irradi¿r t ion datna e of the la.bellecl o rfia-lll-s n¡s

i|he uptake of 32p and accordingly tþe speclfic activi'ty of

ttre bacterj-a rvas 1orv, Altliough a sligl:t decrea.se of vírulence

of the labelled vibri-os r¡Jas observecl thi.s seerned not to have

any signiftcant effect on tþe r:esults. RacIio-l-abel1ed and

non-labell.ed vibrios rvere sj.nrí.1ar.Ly serlsitíve towards ki11-lng

in the adult mouse arrcl I-ì,o cli-f'fereÌìcc5t j-n l¡acterj-al- agglu-

tination rvas c¡bs er:ved.

1i) Loss of r¡ldiol-at¡e1 lvi ùho ut killíne: o f the orÉ{ani-sms

Liberation of the 1,32 label appears to be assoc:Lated iuith

ki.lling of the org¿ìr1isrns o'J-y (Spitz'age1 , 1-)66 a, O):

Loss rt,i t1'rout ki1 l-i-ng woulrl be i-nsi¿ini.f i.cant, parti cr-r1-arly

in the sho¡:t-ternted experimcrtt"' .l"ucribed in Chapter: 5'

ar1/ l,oss of I'ad,io1.abr:l i-nto thc,' c-i rculati.ort

In the lon6*tertnccl experimerrts rvith adult ancl infant ¡uj'ce

clescribed j.n Chapter 3 ancl h appro-xipat e1y 90 l" of' the

raclío-activity rvere r.ecover:ecl after 3 - 6 hours in the

gastro-intesti¡al tr¿rct arrd f'aeces. A¡out LO f. r^/erc re-

coVerecl in liver apd no me¿ìs¡r:able activity rvas found in

the spJ-een. This amount, horvever, does not greai;ly aff cct

the interpretation of tlre results obt.ained j-n chapter 3

and 4. The specific activit j.es shorç¡r i1 Fig. ll ,l and 4.lt

woulcl only be insignificantly affected. In the loop experi-

melts wit¡ 32P-label lecl bacteria (Ctrapter 5) no measurable
.\ .)

amount of pJ< coulcl be found j.n the liver and spleen.
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itr ) Gr:owttr and death rate

The total number of viable organisms recoverecl in a' tissue

will be the net result of growth and death. lt{ethods for

estimating gr:owth and deattr rate on mucosal- epittrel-ium and

ot}-er tissues have beerr descríbed (Meynetl and Sut;braiah,

Ig63). Radiolabels such as 32p are not suj-table to estimate

those rates accurately because t}.e marker could be reutilized

etc. Thus, althrough specifÍ.c activity may reveal killing

lvigþ1e--9Ä€.4isms \ ' lecl ttrat simultaneously\counts per rff)' it cannot be excl-ut

also g¡rorvth l.ad occurred. In r¡lost experiments thís seemed to

be of mínor sig:nificance for tbe interpretation of ttre re-

sul-ts. On the ottrer hand, the estimation of such rate_s lvould

have been of great value particular:ly in the inf¿rnt mouse

experiments wíttr ancl witlrout antibody (Cfrapt er h ) where

multiplication artd kì_11-ing may occur slmultaneously.

Thore are several animal models available using V. choIerae

whictr do not mi¡nic the human disease exactly. Neverthelcss,

they per.mit thc study of local enteric immune nlechanisnls. ltre

infant nlouse protection test which provj-des art assessment of

tl.e protective abitity of antibacterial antibociy (Neoh and

Rowley, L972i Ctr.aicumpa ancl Rowley, L973) tr"t been used here

to analyze the anti-bacterial function of antibody in ttre in-

testine. The results concerning the antibacterial immune

mechanisms on ttre mucos a1 surf¿rce maY r with s one restrictions ,

be transferrable to the human situatj.on, for tkre following

reasons:
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i) The basic features of the clisease closely resen¡ble ttrose

in nlan. The infectlon can be establisl- ed by mouth rvith

llvlng organi-sms and ttre course of the dj-sease appears to

be s1.urilar to that in man (multiplicatíon of tkre challenge

organisns ln the intestine, fluid distension of the srnal1

intestiner'cliarrhoea' rleatlr 24 4B }.ours after chal-1'enge)'

l'Ïre infecting organisms are enti.rel-y confined to the in-

testin¿rl lume¡ (Chaic,r,npu. and Ronrley, Lg73; Chaicumpa, L974).

LL) Although j-n most experiments antibody has.been g:iven

passively with the b¿rcterial inocu.Lunl for convenience r ít

has been show¡ that arrtibody j-njec bed i. v. or i. trr" protected

tlre infant mice (Chai-cumpa, IgTLt), Thus, sec.reted antibody

as ot¡s ervecl i3 actively irnrnunized hutuans recei ving parenteral

antigen (see Chapter f.4.f), can be protective. Ttrere is no

conceptual difficulty i' assuming that anti.body wl1.1 opeiate

basically through ttre same meeharrisms on tl.e mucosal- surfaces

of both i¡fant nrice and l umarrs. Ihe possibj-l-ity that acti-ve

inmunization tras an additiortal eff ect by eliciting a cellular

resporxse cannot be excluded.

8.1 The role of unsnecifi c factors in the el- i"mi-nat ion of

V. cholerae f rom the g as tro- int es t ina I tract of mice

A number of unspecific antibacterj-aI factors rvhich prevent

v. ctrol-erae from colonízing ttre srnall intestine has been

found in adult mice. Gastric acíd reduces the number of

living organisrns to less ttran L'ft of the inoculum before
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they reaclr ttre sma]l lntestine. In a susceptible trost

gastric acld could provide an efficient barrler against an

enteric infection. Gastrlc acidity may account for the wide

range in the infective dose of V. cho l- era e ( to6 1o11

viable organisrns) in humall volunteers (tVllO, L972), On th.e

ottrer handr gastric acidity appears less decisive as an

antibacterial factor mediating the resistance of adult mice

to a cholera infectíon. After neutralizatl- ott of the gastric

acid by Na-bicarbonate, approx. 1OO x tnore J-iving organisms

(ZO dp of the inoculum see Table 3.L) coulrl be found in the

sma1l intestlne. These anfl evel:¡ Trigher rru¡nbers of livin6

_vibrios 
ï/ere removed rapicl 1-y fro m- tþe sn¡all intestine' l'he

most importarrt antibacterial f actors appearr, ther:efore t to

be located in the snlall i-ntestine itsel-f'

The two basic mecharrisms r-espons ibl-e for the eliminertion

of the vibrios from the small- intestine are nectranical ¡:e-

r¡lov¿rl by peristalsis ancl a bacterici.da. I mectranism. The re-

qui.rement for the combined action of troth mechanlsms to

eIírninate the livíng organísms from the snall intesti'ne is

an important finOing in Chapter 3 and 4. Inhi.bition of

peristalsís prcvents the elimination of V. chol-erae from

the intestine (pie. 3.L and 3.2). SlmilarlY, .inhibj-tlon of

killing by starvation (witteout affecting péristalsis) re-

duces the eff j-ciency of the eliurination process. The syner-

gisùic actj-on of these two factors J-s further demonstr:ated

in l¡ig. 3.3 and can also be observed in infant mice' As de-
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infection finds its explanation - at least partly

these less developed antibacterial mechanisms.

Ln

The nurnber of livlng o,rganisms is considerably reduced

furttrer in the l-arge intestj-ne. All of the single factors

particípating in this killing have lÌot been analyzed. The

normal flora is probably of greater imporüance here than ín

the small j.ntestine and it is not clear whether tlr.e kílling

mechanísm founcl in t}-e snlall intesti.ne operates in the large

intestine as we1l. The data in Ctrapter 4 (.t.1 di-scussetl in

t+. 4 ) sugges t that 'or¡nal 
physiological funct io's alre re-

quíred for an efficient killing of ttre organisuts in the

large intestine.

T-t seems probable that the antibacterial paraneters ob-

served in mice will operate i11 other ¿rnf ma1s, incl uding man'

þfaintenance of a stable indigerìous nricrobial florar Sastri-c

acid i-ty, peristalsis, and an intestinal antibacterial

mechalisln may al. 1 be required for maximum efficlency' Dach

of these mecLranisnts operates to differerrt degrees rvittr

dif f erent orgänisms anrd V. cholerae appears to be extrernelY

sensitive to several of t}-ese. Stress situations producecl

by slock (laparotomy and bleeditte) or toxi¡ (lf'S; Ctrapter 3)

delay the rapid elinlination of the organisms and ttrus in-

crease the chance of a successful colonizatíon of the mucosa

by enteric pathogens.
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I{}rat kind of bacter:icidins cou.l-d be secreted fronr epj--

thelial cells? Several- bacterÍcida1 systerus are known

which calrse kil-11ng and lysis of bncteria. Activation

of tl.e whole Crsequence results i.n damage to bacteria-l

ce11 walls (f,lüffer-Oberharclt, L97f). Rut, as discusserl

in L.3r.j-t seems unlíkely tl¿rt tlre wl.ole conlple¡nent se'-

quence í.s functionally ¿rcti.ve in the environtuent of tJ:e

intestine. The alternate pathway (CUtre and Müller'-Eber-

hardt, LgTL) cu,n be act j-vated 5y endotoxin, zymosan etc.

and cloes not reqrrire antib.rdy for activation. t'hus, zrnti-

body indc;pendence of the lnucosa-associated ki-1ting sysl;em

would not be an obstacle to tþe ¿rssuulption that the cotn-

pl-ement systeur may be in "umr, 
*ày invol-ved. ôtnu" facto¡'s

reportecl to enhance contplement-n¡ediatecl kil. l-ing, such as

1ysozynte (nAlnoffi" et a1.., 1g66) o" Ì¡eta-lysins (DonaIcl-

son et aJ_. , :-gTL+), require antj-trociy. T} e observation tlrat

conpJ,enrent-res i.s 1,a-r¡t bacte r:ia (ruCV 5698-L65 s ee Table 5. 1O

arrcl Chaicurnpa, L974) are eqr-la1-1y sensitive to this Lrac-

tericidal system could be t,alçerl as all argunent against

an invo-l-veutent of the conlpletnent seçluence j-rr t]ri s kj-11in.g'

Other bactericidal substances are founcl irr polymo¡ph-

nuclear leucocytes and nacrophages althougtr in tþe latter

the antimicrobial agents are unkno'tvn (ttir:sch' Lg72)' such

agents are lactíc acid (Dubos, f953) , trydroge' peroxide

(Ucniptey and Sbarra , L967), ^yeloperoxidase 
(X.leba'off ,

1-g67, 1968) a'd catio'ic pro'bej-ns (Zeya anrl Spítznagel,
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Lg68, L97L). The rel.ease of such a'tirnícrobial substances

from phagocytic cell.s on the nucosal surface is unlj-kely

ln vierv of the fact that hardly any cells can be found on

this surface (see t.l+. Z) , Ìlowever, suctt agents coulcl be

sl.nthesized and released fror¡ epithelial ce.Lls. In addition

to such bactericidal agents, digestive enzymes r+ould be l'e-

qulred since the orgarrisrns vJere degraded to relatively

snralI fragme¡-bs (tafite 5.7). The ÌItucosal epithelial cel'ls

of the snal-l intestine contain anfi. secrete a variety of

dì-gestive en,zymes, such as ß-galactosidase, ß-glucoroni-

dasen pho-sTrtratases, ared other ly'sosc¡nlal enzymeÉt. ltfost of

these enzytne-c can be found ín highest actj-vitj es ín ttre

cel.l-s alolg t¡e vj-1.1i (Nordström and Dahlquist , L973).

The brush border. of the epitJ:relial surface j s the site

of termi.nal lrydrolys i.s of disaccharides ¡rnci peptides

pri-or to absorpti-on (t'ti-f t et' and Crane, 1-96I)'

lnlore data are required to reach a def in j-te conc'lus ioTl

about ttte rrature of this ki1. ling necha.nisnl . Tissue cul ture

methods, rnetabolic inhibitors, of drugs which af f ect

membranes sirctr as cytochalasin B would yicld more in-

fornlation about the metabolic ¿l'n.d secretory pI'ocesses

involvecl in this killing. Ilecentl-y, Chaicumpa and RowIey

(tgZ4) h'ere able to inhibit the killing ofV chol erae

in the gastro-intestínal tract of infant mice by agents

such as chol-eratoxi-n, lysolecíthin, and prostaglandins.
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A few wor.cls should be said about ttre biol0gical si-g-

nificance of such a mucosa-associated lci1Ii-ng system.

Âs outlined in chapter:s 1.3 and 8,2, the intestinal mucosa

is protectecl by a variety of factors and this killing
I

¡nechanism Inay t¡e an adcli.tj-onal orre. However, the upper

levels o',f ttre j.ntestinal. nlLrcosa are relati.vely free from

a normal f lora arrd will, theref ore n be at greater risl<

of beiug i¡fected try enteric pathggens rvhich specifical-Iy

at,taclt to it. srrch a chernical hrarrier against colonj'zatiort

and invasion by enteropertleogenic ollgaÏ]is¡ns coul-d be al1 im-

portant defence tnectranism, particularly in such' areas'

Dffect of antibody on tl:e e-'l imin¿.rtion of \¡. cb,ol erae8.3

fror¡r thc fia s tro- i,ntest in.al. tr¿lct

In t¡e i'fa't riloufìe (Ci:erpter t{) antibody clearl-y prornotes

the eI- i-mination of V. c:llol erae 1r'ottr the gastro-'int estin¿rJ-

tr.act. The results descritred in thj-s chapter sugSest th¿rt

antibody enha¡rces non-j.lnmunological antibacterial pl'o-

cess es which cal.I be observed even rvittrout an,ti-bocly in

the contro I ani.mals.

A number of lvorkers have shown prevention of growttr or

decreasing nurnbers of or-ganísms irr the lntestine of anti-

body-treated animals (nfrattacharya and Múl<er j ee ' L96B;

Ghosh, L97O; Smj-th ancl Linggood, L97L; Chaicurnpa and

Rowley, I9V2) a'cl it l-as been s'ggested tl:at antibocly

rnecliates the kiJ-tilg of the organJ-sms by arr as yet un-
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def lned system. Freter Ggeg) showed that inmunity to

experj-ntental cholera vüas clue to arr arrtibodY-d ePendent

antitracterial mechanism on the mucosal surface whích

coulcl be inhiblted by i.odoacetate (Irubara a.d Fret er,L)73)'

As cliscussed above (9. Z) ¿ne two important tlnspecific

paraueters protecti-ng the mucosa of the snall intestj-ne

are mectranj-cal r:ernoval and killing of the organísms ' 'J''he

data obtainert in tkre infant mouse ntodel (Chapter 4) clear-

Ly demonstrate that the mechanical removal is accelerated

by antibocly. Althougtr the tnore rapi-d mechanical removal is

pa::al1eled b¡r an i¡rcreasecl killing (¡'ig ' 4' 3 and 4 ' lr) it

seems unlikely, as discrrssecl in ùhis chapter (¿r.4) tnat

antibody di-r.ectly .pronroted this kil1ing. tiiis is fu::ther

substantl.ated by the observation in intestinal loops

(crrapter 5) th,at antibody did l1ot trave any effect or1 tle

killing mechanism. The nain support, ltorlever' for thj-s

assurnpt 1on is provi.ded by tle results in Chapters 6 and 7'

In these experi,rnents protectíon of infant mice and growth

control in íntestinal loops cou.ld be obta-ined by antí*lI

ant ibodY.

In summary, there is no evidence for arr antibody-mediated

bactericidal mechanism in infant mice

1'he data 6çiven in the Chapters 4, 6 and

only functj-on of antibody in intesti'nal

7 suggest that the

imurunitY agains t
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V. cholerae as based on the infant rnouse tnodel, is to

prevent the ndsorption of víbr:Los to the intest inal

¡nucosa. 'Ilhe most convincj-ng 11 ata supportirrg the as-

surnption that antibody acts by preventi-on of atlsorption

only are províded by the experiments in chapter 6. 'lhe

statistically s j-6lnificant correlation l¡etween ag6lutination,

prevention of adsorption and protection and the fact ttrat

a¡ti-FI antibocly protects infant mice agai-nst the disease

are s trong j-nclicatiols f or the validity of th.i-s assunt¡lt j.on.

As reviev¡ed irr tl,re introduction it is generally accepted

that l:acter,Lal- infections on, mucOsal- surf'aces reqr:ire as-

socj_ation betr,veen tire pathogell arlci the tut-rcosal surface.

Aclltesive pr.operties have l.ong been recog,nized in tnan.r'

species of e¡terob¿rcterj-aceae (Duguirl and Gilli es, 1'9ij'7;

Dugui<l, L959 , i Duguí-cl et al. , l'966; Duguid , 7'9 68 ) ,

ho1vever, thc si¿;nif icance f or the paLthogcnesis of in-

testinal irrfections had ¡lot been experimentally showrr.

Recerrtly the inlporta.n,ce of K8B anl,igen for the vj-rulence

of D. co-1i for piglets and cal-ves (i\rbuckle, L97O i

Srnith and Linggood, 1-97L) nas been demonstrated. Jones

ancl Rutter (Wf Z) showed that KBB antigen r+as synthc+sízed

by a KB8-positive enteropathogenic strain of ID. coli- in

the small ]nbestine of pigJ-ets lvhere lt functioned as an

adhesil enabling the bacteria to aclhere and colonize tlie

mucosa.'Ihe adllesive properties of Strep bOcoccus DyOp"eÏteS

to buccal epithelial cells has been attributed to the I't-
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protein (nllen and Gibbons , l-972). Observatlons by

Kellog et al. ( f qe g) ano Swanson et al. (J-gZt) srrggest

that pili might óorre-late lr¡1th virulence of gonococcl

through an influence on interactions between the gono-

coccal surface and host epitleelial ceJ-1s. The association

of V. cho-lerae to the íntestinal lnucosa appears 11ecessary

for lts pathogenesis (Freter, Lg69), The nature of the

attachulent sites, however, has not been defined.

Inhibitlon of bacterial attachment by antibody follorved

by mechani-cal removal of the organisms could be an im-

portant mechanísrr¡ to prevent mucosal colonization a4d

penetrati-on by enteropatho¿lenic o"g...r: sms. ¡'"utu" (tg69)

was the first to "fto* that the numbers of viabl-e

V. cholerae adsorbed to ttre lute.stin¡ll mucosa could be re-

that prevention of acl-ducecl by

s orpt ion

cha ni s¡n

antibody. IIe suggested

could be an importarr.t antibacterial defence me-

ant ibody

on mucous surfaces. I{orvever, it is not clear how

inhibits the association of the vibrl.os wlth the

mucosa.

Several authors trave suggested that antibody acts by

blocking specific attachment sites ort ttre bacterial sur-

face. Such a funotion of antíbody has been proposecl irr

protection against ll. col-i enteritis in piglets (nutter

and Jones, Lg73; Snith, Lg72) and iu streptococcal in-

fections (rrirliams and Gibbons , L972).
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Our results, however, indicate that antibody prevents

adsorption primartly by agglutination and/ot tlre ac-

companying lnhibi.tíon of motility of ttre bacterla'

Microscopicexamirrationoftlreepit}relíalcel].sarrdthe

bacterial population at protective antibody concentrations

revealecl tltat bacterial aggregates were present containing

1OO to looo bacteria or more. Agglutirration rvould, there-

f ore, reduce ttre challenge dose of organisms al; the epi-

thelial surface 1OO to I-OOO fo].d'

I,n a recent paper Steele et al. demonstrated by us j'ng

antibocty fr:agments that protective antibody must in al 1

cases have cross-linking potential for f'11 activity and

thi.s must be taken into account whettrer thinking in terms

of inhibj-tion of motility or of ag6lutjnation as ttre

eff ector mechani-strl.

Al.though it is reasonable to assume that cross-1inki"n6

could be a pr:otec'bive mechanis¡n against mucosal infections

ingeneral,itmaybet}ratitwillrrotbesufficientin

situations where the pattrogen exerts a particularly strong

association with ttre nucosa. In such situations neutraliza'-

tiorr of attachment sites and ottrer factors which hincler

attactrn¡ent may l¡ecome of increasing importance'
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8.4 I{vpo th es s: Svnereisti-c actlon of an'b ibc¡cl1.-mediat ed

reventíon of ds or tion and ulls ecific lci11i

Bacterial- g:rowth rates on rnucosal surfaces are determineci

by uultip-lication of the organisms on one sj-de and deattr

and mecharei-cal loss on tile other. In the adul-t mous e killiug

a.nd mectrarrj-cal loss exceedecl multiplication. -t.n the infant

mouse 1oca1 d.efence meclranisms reducecl the nuntber of

1i v|ng organi-stns to some extent ir:j-tia1-ly btrt laLet on

bacterial nlulti-plicatj-r¡n over.ruh.e.l.med these meclríìnisms.

Ilorvever., antiborìy increased the efficiency of the a.ntí-

bacterial factors (nrechanical removal u-ud ki 11:'-n6) a.nci

tlrus pr.evented coloní za[1.ott a¡rcl tilul-ti plication. In the

. antibody-treaterJ infant tnice the.total nutnber'of livj-ng

or:g¿ìnisns ltecovererl fronl the rvhole gastro-j-ntestj.nal- tra.ct

rdas recluced. llhis reclucbi-on ís not clue to fecal excretíorr

as cìernonstrat ed by Chaicurupa (tgZZ) in nrice rvith bloclced-

ani trut is clearly cause{ by ki.tl.ing. This observati.on is

corlsistant rçitb the r:esrrlts of the experi.rnent in which

antibocly not; onl-y enha¡cecl the mech¿tnical relnoval of

bacteria by prevent j-on of aclsorption btrt also increas ed

the killing rat,e. Increas ecl kil-ling rvas demons trated by a

higher specific activity of the organisms recovered after

160 rninutes frotn the slnall as well as from the large in-

testi.ne (piC. 4.1 and 4.4) of antibocly-treatecl infant mice.

This, trowever, contracl j.cts the f indings r âs discuss ed above

( g. f ) , that ant ibody do es not enhance a bac tericiclal ure-

chanisnl in this model , 'lhes e apparentJ-y contradi,c tory
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fl.ndings may be explained as follows:

As shown in Chapters 4 and 6 the bactericldal mechanism

of the mucosa in infant mice is quite rveak and unable to

kll1 all tlre attachecl organi-snts. Ttrese bacteria multiply

and eventual-ty produce their path.ogenic effect. .r\ntibody

by preventing adsorption reduces ttrl t¡acterial. load of

the rnucosa and al lorvs thc kj, lling mechanisurs to cotnpletely

k j-I1 the ferv rent¿rining or6{anisms. I'hus, antibody irrdirect-ly

enha¡rces the efficiency of the ki-ll1.ng systern in the sntall

int es ti- ne .

'fl.e majoritl. of ttre living organisnls ãrre removeci j-nto ar1d

killecl i.rr the large irrtestine (pr:obab1-y unspecj-l-i c kj-J-1ing

by ùhe nor.mal flor.a)" Accurnulatíon of fluid in the large

intestine rvith a co,rrtinuous suppJ-y of livin¿; organisms

f ¡:om the small intestine in nlic e suf f cring fronl an in-

fec-llj.on would inhibit this u¡spe¡cific ki1li.ng (see

Ctrapt er 4. ll ) .

Slredlofsl<y and Irreter (tgl+) tucentl-y clemonstrat;ed in the

large intestine of monocontarninated adult t¡lice that local-

anti.bacterial imrnunity was considerably lllore eff ective

when it operated j-n conjunctj.on with l¡acterial antagonisnt.

They propos ed that antibody nred iated i¡rhibition of adhesion

and the antagonistic action of the normal flora form

a synergistlc sYstetn.
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Our results in infa.nt mlce support thís proposal to some

extent although mainly for the large intestine, In tkre

small lntestine which is the affected part of the in-

testine in cholerar a synergism between non-specific

mucosâ-âssociated killing an<l antibody-rnediated inhittltion

of adsorption reduces the number of llving organisms in

tlre lntestine and prevent*q colonizati-on of the mucosa l¡y

bacterial pathogens.
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