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JUST IFICAT1ON
 

Acute d1arrheail 1 £iepL 14 a£ major'ca.use of milorbditv arid
 

rlortal ity ti Oi uhc'ut the worldi 
 amorq .hldren 

years oi age in .neve.op1 nLi coiuntri].es. x 1ately to 10 ill ion 

a r't icul arlly -n:i under 5 

mJlPox 5 


cnilcJhern in cievelp:irq yearncountries die each-i as a rcesult omf
 

oiarrheal disease. 
 Peak incloence occurs between the appLes of 6
 

mornths to 1 years. Diarrneai cisease nvolves contt inuolus
v Jo:ss of
 

IlI].dis and ei ect r,].l yt es wnijt:r Jea 
ss tocdeh ydra tion, ma 1adIsorit ion, 

and ra.1 rh t r i t ioru. fidvarce st ages car produce fa i lure in the rorma 1 

parent;alI.cetense mecharisms agai1nst milc rob1al infvasion ard can 

event ua I Ilevad to death. I ri ar ara lys is of previ us studies on 

acute ola-rrheal di ase in deveioping cc,-untri-es, Snyder (Men;er for
 

Disease C,ntc, ) arid Mer'scn (Woirld Health Or'ganizat iorn) concluded 

that the mean inciderce cf diarrhea for children ir developing 

courlt ies under the age of five is 2. e poiso:.:des per child per year.
 

They used 1980 populatior diata 
to estimate a total yearly m,-orbidity 

of 744 to 1000 mil li or; arid a mortaiity or- 4. mi lliron for children 

under the ane of five in Arrica, Asia (excluding Lina). arid Latir 

America. Althouqh not 
nearly so',::critical a pr,::[em iri developed 

courties such an the Urnited States, acute :iarrheal disease sti.ll 

remains a ria or source of lorbiJity, 'hospatalizatior, and loss of 

econiom ic resource. Acute diarrhea I disease is ranked second 'r,I y to 

the commor co ld as a cause of t lme lcs t frol work i n this co'uint ry. 

Al though ent erot oxiaPeri E scheriach ia co . (lI rit avirus,CEC) 

a-d Ple1]la have been reported t.: be most commiornlly involved iri 

outbreaks of d aarrheal disease in developed arid developingi c::untries, 

other microorganisrnsm, such as Campyl.acter jejri /coii, may be more
 

cornnon tv irivolved than previousi y reported. The prirary causative
 

http:coiuntri].es


aqents, as wel l as 
tre incidence, of diarrheal. disease varies amorg 

difterent Courtries 
as 
wel I as acrs::ss age, sex, and soc].al- s'.o-group 

withi re Cach riopl'.Iat icn. For E>arfir)Ie. 
 9 J i F:,a rj £ aclesh, t t'e eriterc

natm o ens mc,Et; cmmonl ii iyide nt . f iec.i ar i; .1nt r er wn. tn (:1.I.arri eal
 

d isease 
 ir a t repalt met cencter 
were rotav1rus L -. , .q- I (28%), 

Vibri'o cio e'ae '8%<-) , ard .Q i.q,: (%). 
 However, 
when a 1"iel:i
 

survev was 
L:"-,r,cucted, 
 - Col i (Qtu%) .. th ge. J a ."M), and rotaviriEs 

iiN.) were most frequeni tly i dertitiedl as causative agent;s. 
 O lthiugn
 

,-th~er nacte-ial 
taiy'.-e 
 a an~d YeTs.Ai a), viral 
(Norwalk agent),

an-i pa asit ac agnts ........ Lrypt :sp pr., . ad [ .
 W .. 

IST-'lyt ia) have 
 , ilien. ic:ated in stidies 
 or -la'rhr ea I i irlness
 

artnc Lh l.d
I ren, the 1 r '1 if 1c:anicei arears to' '-re -. aiuscs thar that of 

E.. cot 1 , rot av i ri s, Y,-q yyhopi Anid sh 1I .ka. 
ETEC is -riE of the most imocrt arn causat 
ive agens of
,-,t iarrmeal
 

disease in 
humar irfarts 1i oeve~lopi co Ci. tIrii es. K. cc. .t cormmonily 

'occ'ir in ear. v wean i rg foods, parti cI ar ly t hose c','nt am i nat ed by
 

i rite 'w ,at er 
ar d ir,clean uten si Is or prepared ,nioer 1 cisan 3 taary" 

cond .1it 3 ins. i? pr'oniem s t urt her aggravated by ra pci muli.tiplicatior 

of1 : pcE,.a1 1i foods not: cornsmet( sooni a 1 Uter Lireri8arat i or. Pathoge ',etne.s
 

v I: l irivlves adtherence t:., enit li il micsa 
 t hro'ug hfti adhesive 

oi I. 1 a ttaui'ne to,- the 
ijact far i aJ. surfacea, cO lo iat ,on of the smal. 1 

1 it es 1 .ie; andi sl brsea.e se cret ion t et~i; erot ,._x"3 cs. 

n d ',i:
Mi t oP .1.,-.,tr'Lltil con ta. iilli lonao Icr i r *ls ys_': z tite, l actolfer rg 

an lact:,-',ero:,.idase 
that are 
Iniown t o " ss..,: an tibacter1ai prooerties 

Im runi.n- , huli 1 rni ,arotct-t nen:.rciates ar ain rst ci iarr ea ldisease ca.sed 
by 

E -. tmrrE''au riacia1Vy- . rilij 1:,it vm anti kv t]revent i n adcesi o-fi,on enit -ro

pathg::ens ti oites; iinal miucosa. 
 H:owever, 
hil 1 1 and co 1'osr; 1i1 at .s 

atDaO r ,Rt l ' i l -,' -..... . . 



c f E I;o in et i ra .i. mo,r*t'tc":., lhies r uc'- :u rIluntlu .cfdl .t i . wUInj.arc.'es 

wouldc ampe:r toc po:ssess sCtct ures 51 mi iar toa ai recepo s~cor t he 

srmal.1 iret est irIo wr'usmt iar,, ' FuIFodrmHmIra'S tO. ] n ':1; Uer' sL.d ies, nIiUrfll r i ilk,. 

appeare o c atdt a in var i ou, non-- i rtr:Li I cL j i n ract:: a Uris mflat 

inhibit heat-lab Ie ert er'otok t Li ) nrk~c',.: ed bv E LC ard unolera 

tox<1in,* as wellA as prevention:e of a (:1 on Vue'i rhl e orac.of . 

(heraqqLi]lutitnat crr,. 6ar,qllosides f rom huma, ril irnli t tluid 

serret ir1ir outeed Oy chojera toxian and EIEC L.1 in the rabbit intes

tinal lon:e assay. 

Pr,:qress mace inr this study toaetermine the ability of lactic 

aC ci --urcedi AC'i rc tDacct er a t prevernt coo nira zat i or, by ETEC wcu 1d be 

oct lIeadi , ipr oved treat rents tOex octe::a to t c cloe I ,eermt', ato new 


preven t aar''hea. ti seas am.,ncq h t-ia 1 ri-ant s. 
 Dove i ,efnlert of new 

prevert ive treatment wo,,nio be of tremendous value to wean l inq 

in1farts in dOevelonirq co:,unt ri es. 
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ABBREVIATIONS
 

MEDIA
 

EMB 
 Levine's Losin Methylene-blue Agar (02, 
plates)
 
--enumeration of E. coli
 

MRS MRS Lactobacilli Agar (AnO2, 
roll tubes)
 
--enumeration of 
lactic acid producing bacteria
 

(Lactobacilli and Streptococci)
 

RGCA Rumen fluirl-Glucose-Cellibiose Agar (AnO2, roll 
tubes)

--enumeration of total bacteria
 

EXPERIMENTAL GROUPS
 

SC Suckling, control
 
WC Weaned, control
 
WM Weaned, Medipharm supplement

WL Weaned, Lab isolate (2CA)

WE Weaned, E. coli challenge

WME 
 Weaned, Medipharm supplement, E. coli challenge


Weaned, Lab isolate
WLE (2CA), E. coli challenge 

EXPERIMENTAL SAMPLES
 

PE Pars esopnagus
 
St Stomach
 
SIS Small intestine
 
C 
 Cecal contents
 

MISC.
 

LAB 
 Lactic Acid Bacteria
 
EC E. coli
 



ABBREVIATIONS
 

MEDIA
 

EMB 
 Levine's Eosin Methylene-blue Agar (02, plates)
 
--enumeration of E. coli
 

MRS MRS Lactobacilli Agar (AnO2, roll lubes)
 
--enumeration of lactic acid produ.cing bacteria
 

(Lactobacilli and Streptococci)
 

RGCA Rumen fluid-Glucose-Cellibiose Agar (AnO2 , roll tubes)
 
--enumeration of total bacteria
 

EXPERIMENTAL GROUPS
 

SC Suckling, control
 
WC Weaned, control
 
WM Weaned, Medipharm supplement

WL Weaned, Lab isolate (2CA)

WE Weaned, E. coli challenge

WME 
 Weaned, Medipharm supplement, E. coli challenge


Weaned, Lab isolate
WLE (2CA), E. coli challenge
 

EXPERIMENTAL SAMPLES
 

PE Pars esophagus
 
St Stomach
 
SIS 
 Small intestine
 
C Cecal contents
 

MISC.
 

LAB 
 Lactic Acid Bacteria 
EC E. coli 



biUAJRflY, OF fRESULF . 

Streotococcus faekUL4 (Piq Irials 1, 2, 3, &5) 

1. 	 None of the piglets in the SC (n=12), WC (n=20), or WM
 
(n=21) groups 
deveioped 'clinical symptoms of diarrheal
 
disease durirng the course of this study. However, eiihteen
 
(18) of the twenty-two (2) piglets challenged with an
 
enterotoxigenic 
 strain of E, C011 developed clinical
 
symptoms. Only nine (9) of twenty-one (21) piglets
 
receiving three oral doses of 5, raecium prior to E coli
 
challrsge were observed to develop diarrhea.
 

Thus, prior dosing with a, ta.i[u produced greater than a
 
50% reduction in incidence of diarrheal disease produced in
 
weanling piglets by enterotoxigenic strains ot E cnli,
 

2. 	 The SC group contained uignificantly fewer E. coli. in their
 
PE and S tian did any other group of weanling piglets. The
 
WME grcup contained elevated levels of coli 
in their PE
 
and C [SF 1].
 

3. 	 Little differences could be detected 
 in the levels of E,
 
r2Lli detected at variius sites in the gastrointestinal sites
 
of WE piglets which developed diarrhea [WE(D)] and those
 
which did not CWE(N)]; only fecal material (F) of WE(N)
 
piglets contained fewer E, roli [SF 2].
 

4. 	 Pip'ats which developed diarrhea [WME(D)] in the WME group
 
actually had fewer E, c1I in their PE and S than did
 
piglets which did not 
show clinical symptoms EWME(N)]. Only
 
in C and F d-d diarrheal pigs have slightly more E c I [SF
 
33.
 

5. 	 Levels of E o detected in the PE, S, and C of piglets
 
sacrificed one week after E, coli challenqe were usually
 
lower [compare WE* vs WE & WME* vs WME] than 
piglets in the
 
same groups which were sacrificed earlier in the study [SF
 
4].
 

6. 	 The distribition of lactic acid bacteria was very similar
 
between groups at all gastrointestinal sites [SF 51. No
 
significant trends could be detected 
in the distribution of
 
lactic acid bacteria among WE and WME piglets which did or
 
did not develop clinical symptoms of diarrhea [SF 6 
& SF7].
 

7. 	 The ratio of LAB/E. coli was significantly lower in tha PE
 
of WME piglets than in any other treatment group.. This
 
ratio was significantly greater in the S of piglets
 
belonging to the SC group and slightly greater in the C and
 
F [SF A].
 



8. 	 WE piglets which 
did 	 not develpo cliricaf ;Vmptorns of
 
diarrhea haa siprgificantly greater LAE$/E. colil ratios only

in F. Only iinor ditterences existed at other
 
gastrointestinal sites between WE 
 piglets which did and did
 
not develop dkarrhea LSF B1. Among WME piglets, the ratio
 
of LAB/E. coli was greater in PE, S and C among piglets

which did develop diarrhea than those which did not; only in
 
F was the reverse true.
 

9. 	 Electrophoretic analyses of KF+ circular colonies picked

from KF Streutococcus agar plates in Piglet Trial #3
 
indicate tnat the a- fecjjiru used 
to dose piglets in the WM
 
and WME group can be rec-ered from the PE as welt as the S
 
and C of piglets in this group. To our knowledge, these
 
results provide one of the first indications that problotiL
 
organisms can become established at sites (PE) within the
 
gastrointestnal 
 tract without prior treatment to disrupt
the norma] microflora present. Since diarrheal disease 
detected .n Pig rrial 3 was probably not caused by E, coli 
ino WE pigs developed symptoms), nothing further can be 
concluded concerning the protective effect especially among 
piglets with a high proportion of colonies identified as 

9. 	 All SF+ 
 picks from Pig Trial #5 are on plates, are ready to
 
be inoculated into broth 
 and processed for electrophoresis.
 
This portion of the study could not be completed on time
 
since the technician hired on this grant rpsigned in mid-

August to accept another position since this grant was being

terminated. We will attempt to complete the study with the
 
limited resources and personnel at our disposal since this
 
inFormation would be helpful when attempting to publish the
 
results of this study.
 

10. 	 None of the results from Pig Trial 3, except those mentioned
 
in #9 above, were used since none of the 
piglets in the WE
 
group developed diarrhea. A different E coli strain was
 
used in Piqit rrials 4 & 5.
 

11. 	 In Pig T.-ial 
2, the average pH of the stomach contents was
 
below 3.5 and varied little among the five treatwr-nt groups.

The average pH of S, C, and F usually varisd between 5.8 and
 
6.8. The 
two highest average PH values occurred in the C
 
and F of piglets from SC group.
 

The average lactate content in S was qipeater than in either
 
C or F. Little diffe,'ences were detected among the five
 
treatment groups except in C 
 where tremendously elevated
 
levels were found in pig:ets from the WE group.
 

The av-raqe Cl- levels in small intestines were greater than
 
in either C or F. rhe small intestines from piglets in the
 
SC group contained significantly less C1- ;har piglets from
 
any other group. In C arid F, piglets from SC, WM and WME
 



contained sliqitly ritore Cl-.
 

Similar results we,'e obtarneri in Pia Trial 3 but data from
 
that trial were not used. However, since this information
 
was adding little to our understanding and required
 
significant investment of 
 time and resources, these as~ayi 
were deleted ,ro TriaJs ) and 5 to allow picking of XF+
 
colonies and subsuquent eleccrophoretic evaluation.
 

Lab-qtrainLa: (Pig Irials 4 
and 5,
 

1. 	 None of the eleven (11) piglets in the seared concrol group
 
developed clinicEl symptoms of diarrhea wn.ile 
two t2) of the
 
fourteen (14) piglets in 
 the Strain 2CA (WL) control group
 
did. Nine (15) of the fifteen (15) piglets challenged with
 
enterotoxigenic E. 
 cel 	 develoved diarrhea while 
only 	four
 
(4) of twJeny (20) piglets dosed witi Strain 2CA prior to E,
 
cilL challenge did. However., four (4) other piglets 
in this
 
group dev-'- ped borderline diarrhea and 
two of these piglets
 
(70-3 and 71-9) suffered acute diarheal 
disease which
 
resulted in their deaths.
 

2. 	 In general., the highest levels of E. c-I 
 found throughout
 
the gasFrointestinal 
 tract were in groups of piglets which
 
were challenged with E., coli 
IWE and WLE) L2CA 1). the S
 
and C of piglets An groups WC 
and WL containe- the lowest
 
levels

3. 	 Piglets in group WE, which developed clinical Fymptoms of
 
diarrheal disease, actually 
 had lower levels of E. celi 
throughout the gastrointestLnal tract than did piglets in
 
this group which did not contract diarrheal disease or which
 
were borderline [2CA e]. In the 
 WLE group, piglets with
 
borderline diarrhea 
had the lowest levels of E., cQLi.
 
throughout the gastrointestinal tract. 
 WLE piplets which
 
contracted diarrhea had 
lower levels of E. coi in PE and S
 
compared to piglets which 
did not develop clinical symptoms
 
[2CA 3].
 

4. 	 In general, piglets in groups WE and WLE had 
lower levels of
 
E. coli throughout their gastrointestinal tracts one week 
after oral challenge [2CA 4]. 

5. 	 Little difference could be detected 
in the levels of lactic
 
acid bacteria between the various 
 treatment groups
 
throughout all gastrointestinal sites examined [dCA 5].

Additionally, little differences, could be detected 
 between
 
WE and WLE piglets which div (D) 
and did not (N) develop 
symptoms of diarrhea E2CA 6 & 2CA 7J. 

6. 	 In general, the higher LAB/E. 
 coli occurred in piglets in 
groups WC and WL in most sites examined in the
 
gastrointestinal tracts of weariling pigs [2CA 
 Al. Piglets
 
in groups 
WE which did exhibit clinical symoptoms of
 



haeas-3 I a rhea 1. 1t O g ct wh c u,:.rt roc n rer, "'at_Li Do c
L. CoL thar ipit hc di o r, ct, L- i.t~di ca 

in group WLE, oi4iets which developed cItIrIc.-yl symrptorms of 
diarrhea, as well as those whc, were borderire, also hao 
nigher ratios of LAB to L. c-	 than those who did not. 

7. Ir piqpets th.us far examined in Pip r-Lal #4, we have been 
unable to identity but a very few lactic acic bacteria 
obtained from the past roir, test i rial tracts of WL arid WLE 
piglets as Strain -:CA. These studies are corit iriuins. 

8. 	 All 2CA picks from Pig rial #t are or, plates, are ready to 
be inoculated into broth ano to be processed for 
el ect rophoresi s. rhese assays could not be cornpleted 
because the lab technician paid on this cooperative 
agreement tereir, ated tier empiloient ireri ud-Pi -thest co accept
another position. Although this project has ended, we will 
atternpt to complete the study with the Limited resources and 
personnel at our disposal.
 

Mxscel Ianeous 

1. 
 During this study, several colonies were picked from MRS 
roll tunes inoculated with dilutions from pig samples of 
experimental groups SC and WC in Pig Irial 44 arc WE i-, Piq
trial #*. Based upon evaluation of their abil ity to inhibit 
growth of erterotoxigenic E., c iL by simultaneous assay,
deferred inverted agar assay and 	 deferred CHCl assay,3
Strain 2CA, obtained from cecal corntents, was determined to 
be the oest potential nrooiocic cirtanisln. 

2 	 Strain 2CA is a qram-positive, short diplo-rod which is 
cataiase negative. Based or. charactertscics decermiried ir 
the laboratory, strain 2CA is a lactic acic bacteria. 

3. 	 Both strain 2CA and SF were screened for characteristics 
thout-it to te desireable for or'obiotic organisms. Both 2CA 
and SF+ Both are faculative anaerobes and tolerant to both 
acid 	an bile. SF* has a generation time of - 9 min ir, BHI 
and produces acid to pH 4. 7b. 2CA has a Lqerierar ori time of 
27 min in MRS and produces acia to pH 4.45. In Y_ 
strain 2CA has greater ablitv to irhioit growth of E. coli 
than SF + . Strain 2CA also has greater ability to bind, in 
vijj~i, piq epithelia] cells prepared from the esophagus as
 
well as the oars esophagae of the stomach.
 

f 



Ire the studies irvoLvinq raec- u M74, 61.BA. of 
weariling piqlets chalierqed orally witn an eretertoxiqeriLc strain 
of cEher1chIa cQli. (EilEC) .developea clinical symptoms of 
diarrhea. However, ire the group of piglets which received three
 
oral doses of S. 
ti prior to . coI challenge, only 42.9%. 
showed clinical symptoms. rhis 47.6-/ decrease in the incidence 
of diarrheal disease clearly demonstrates the ettectiveness of
 
using lactic acid oacteria, such as ti. tAriit 
M14, as probiotics
 
to protect weariling piqiets aqalnrst diarrheal disease. 

However, 
these results coule not be explaire based on the
 
nurorier of L. Coll and lactic acic bacteria detected 
at various
 
gastroirtestinal sites in the wearlinq pi.qIets. For example,
little difterences could be detected 
ir, the numbers of U_ (Qii

detected in ErEC-chal ernqed pi,iets which did show 
 clinical 
symptoms or diarrneal C.sease and those which did not. 
 Moreover,
 
piglets in the group, which were dosed with 
 t t--u . prior to
 
ETEC challenge and did riot develop diarrhea, actually had fewer
 
_ rI i in the pars esophagus and small intestine tharn piglets

which did riot develop cfinical symptoms of diarrheal disease.
 
These results are not ditticult to interpret since we know that
 
diarrheal disease is produced oy action of EFEC within the small
 
intestines and not by the number of - Coi__ present. Thus,

individual 
 piqlets car, have large numbers of roneriterotoxigeric
 
, col1 within their, small intestines and never show clinical
 

symptoms; the presence of E rEC within 
 the small irtestLne is the 
key to whether or riot 
piglets contract aiarrheal disease.
 

In similar fashion, 
we have shown that the ability of
 
certain lactic acid bacteria to 
protect against diarrheal disease
 
results from the presence of those particular organisms rather
 
than the total number of lactic acia bacteria presert. For 
example, the distribution of lacr-ic acid bacteria throughout the 
qastrointest inal tracts was very sirmI lIar for" all treatment 
groups. Moreover, the actual ratio of lac,:ic acid oacterla to E, 
cIJ. was qreater ir - ier-1umJci piglets challenged with EIEC which 
did produce diarrhea than those which did riot. rhus, this 
commonly used parameter tailed to demonstrate any protective 
action for , faecium However, we were able to 
show that the 5.
 
fa-iun used ir 
 this study did colonize the Dars esophagus and is 
present ire the smlall intestine arid caecum of dosed piglets.
Thus, protection against diarrheal disease is derived riot from 
the total number of lactic acid oacter:.a in the igastrointestinral 
tract but tror the presence of only selected organisms which are 
effective (U, ta ~i-tu, tor exameple) ariainest EiEC. 

Similar results were ootained with the lab strain 
(2CA) of
 
lactic acid bacteria used 
 it this study. Among piglets

challenged with EIEC, 60% developed clinical syrlpt ms of 
diarrheal disease. 
 However, amonq those receiving prior
 
challenge with three doses of 2CA, only 20% of 
 tne piglets
 

I 



developed clinrical syrimptoms wnl If? sknni IEir uErcernt ace were 
border in2. Nevertoeiess, a dramac c decrc-3se 1it the irac deirce 
of miarrheal disease could ce dermorstrated by treatr,iet with 
Strain 2CA. In similar fasi1on to tree study with .ec i wjL
tittle differences could be detected among treacmier,t 4r'oups ire 
the level of lactic 
acid bacteriE detectea throunhout their 
gastrointestinal tracts. ddicrioraily, rnxiets which received 
Strain 2Cf prior to challenqe with ETEC but stili contracted 
diarrhea had higher ratios of lactic acid bacteria to E, &i 
than those which did rot. However, due to the absence of a good
screening method tor Strain 2CA. we have thus 
tar been unable to 
consistently demonstrate that Strain :C(4 is actually colonzirg 
the gast-oirntestinal tract. Although we feel that 
the decreased
 
incidence of diarrheal disease 
 is due to oral challenge with
 
Strain 2CA, we have thus far been unable to demonstrate that this
 
effect is due to colonization of Strain 2C".
 



1. Both ter-uurk M74 and Lab Strain eLCA havc been shown to 
have the ability to offer some protection to weanting 
piglets against diarrheal .disease 
causeo hy enterotoxigenic 
strains of L. c-oj. (E1EC). Future studies shoulo determine
 
whether these organisms are also effective 
 against other
 
organisms known 
 to cause diarrhea] disease amonn 
young
 
children in developing counzries.
 

2. Studies should be conducted to determnie the most eftective
 
protocol to use in adminristerirng 
 U, tjtji M74 and Strain 
2CA so that effectiveness against EFEC will be maximized.
 

3. Studies should be conducted to determine 
it other lactic
 
acid bacteria, such as Medpharm Pig Strain 
Au, are more 
effective in preventinq diarrheal disease mediated by ElEC 
in piglets. ff this studies prove successfA, they should 
be extendad to include other microorganisms which produce
 
diarrheal disease 
in young children.
 

4. Studies should be conducted to determine the mechanism by
which t. t er M74 and Strain 2CO are able 
to reduce the
 
incidence of diarrheal disease mediated by 
 ErEC. These
 
studies should be designed to determine the qastrointestinal
 
site at which 
 these organisms are effective. This
 
information will allow more effective screening of 
potential
 
prooiotic organisms 
when this study is expanded to irciude
 
human trials.
 



Abbreviated Summary of Animal Protocol
 

1. Pil-Jets werp randowtiiv ass 1ied toC rne oF the fol lowinri 
treatrment qr,,pszi 

Sul'cklin Coitwor (SCC; - mioleuc. were rern:vedi from 
trie r s:.,ws and J.tace:d witrn a selected sow and aI Ioweo 
to ccn~r tiuie 1 r [ t p rc:Li; hzi t the st lidv ; ro c t ter i rco 

Source o1f nutt rw 
 p.r vi ded these pl .ets. 

Weaned Coritrol (WE) - pigle-ts were wearne.;d ao placed 
tcqether ir, a separat C -er, in a portal.e Fac 1I i;v. 
Normal pinlet weaninq diet ano water wene pr'ov ided ad 

Weared KIL (WE) - piglets were weaned and placed 
toretner in, a separate per, in the isc lat ion faci lity. 
Normal piolet weanirig diet ard water were provided ad 
l ab. 

Weaned., Medp narri (WM) - pi qlet were weaned and placed 
together in a separate pen in, the is,,atior, facility. 
Normal pilet wearing cilet ar, water were provided ad 
Iib. 

Weaned, Medpharm, ETEC (WM) - piglets were wearied and 
placed together in a separate pen in i ion,the soat 
facility. Ncrmal piqlet weaning diet ard water were 
prov ided ao f I. 

Weared, strain 2CA (WL) - piglets were weaned arid 
placed tocether in a separate pen in the isolation 
faci l ity. Normal piolet wearirg diet and water were 
prov1elol ad J.ld. 

Weaned. Strain &.-.+CA, ETEC vWLE) - piglets were weared 
and placed toeither ia, a separate pen in the isolatiorn 
fac i ity. No'rmal piglet weann o diet and water were 
pr'ovi1ded ad 1 ib. 

After wear a nq, ai l pi glets ir treat merit groups WM and WME 
were piven an oral chaJ iene of I gm of bF Pius dispersed 
in 5 ml of distilled water ( rials 1-3) or milk reolacer 
(Trial 5). All pliletY i treatment oroups WL ard 9WL were
 
giver an orai challeroce (d'H
of I uiim of Str'airi I M LFU/grn). 

At the time of wearin. all piqlets were examirned for, 
clinical symptoris of diarrhea. The day of weanin was 
desiqniatod day (-2).
 

in the AM of the following day (-I), all piglets in treatment 
groups WiK and WME were given an, oral challenge of I pm of 
SF Plus dispersed in 5 ml of distilled water ('rials 1-3) 
or, rilk replacer (Trial 5). All piplets in, treatment 



of I gm o..f an oral challengreW E were oienqro-ups WL.. ard 
710- WuFU/lri.Strain 2CA 

syrnptoss of diarrhea. 
Hli1pigiets were examired, trr cLin ical 

in't erpatrert
next d ay (".),) all iulets 

. in the "M oV the 
,-,f iql ,fcnalleriLfe

WNIE were qivern an oral 
a0r-,us WM arid Tr.iais 1-3)

5i ml ,.-f distilled water" 
OF Plus a spersed in 

piglets in treatment
.Irial 5). Hi1 

or ml ik renlacer" ofchal .letipe ,-,f I gm
W w re piven an oral 

grcu ps W(-..and 
k"lu GiFH/luI'.Strain i'H 

all piglets inat 3:UO PM),
In the afternoori (start inq 

an oral challerige ofi venano IWME were
treatrmerit groups WL 

in, Friais 1-3 and
ui 5?:KrHac:HI3strairan enteroto)z xiqer.ic 

i cn rl ,,f. cm L 1 r 5
of Escharin Trial ")rim 

11 Uip ets in
I FU/dose) . 

OL4'i 


toy Brctr (" i01rynt c ase 
an oral challenge of 

WLE were given
treatmient prups WE arid 

of Esqcher.-.ia
st rair U14AI:KM8:K9I:nmr)an eriterotcxicerir 

(-1U 16 GFU/dc, se). A 
Soy brotlh5 ml cf Trypticaseg li ir prolemsin I ials 4 arid 5 due tousedstrain wasdiffe-erit 

V 3 in produci q clirical symptoms ,-,f 
in Trial-.rcountered 


in Croup WE.
diarrhea 

of diarrhea.incal symptomsfor cli
AI l pirlets were exam ined 

were transpcrted
day (+i). selected piglets t,-, 

On trhe next4. Stomachs 
sac:r. t-iced by electr:cution. 

the laboratory and 
:bt a ined ; 1 gr, of each was 

cont erit s wereexcised arid Parswere 
10 nl of sterile distilled water [pH]. 

dispersed 3n 
3 gfm was 

fr'm each stcmacrnr 
reg icn as exci seo

es::,hagus saline.
cf steri Ie pn:spn-ate-buffered

aisperseri in 10 ml 
,f eaci small 

he es were excised; IUO'm 
sma.l initestinr 

ml ocf sterile pr,-spnatein iOUS] were hrilcuenizedintest ine 
sl i ne PHb) arid serial di 1ut icns were made 

but terea wereo f the caeca
aria ivsesj. Ucntern ts 

rnicrod.,:,clciical 
rml cf sterilespersed ir 10 PBS 

obt 1ined; I urn LU was di 
: oi. cal analyses]made L.m icuro,di lut i,,E: werearid serial was1 nr IJ-were obtaired;

of the large intestireContents werePS and serial dilutic ns 
in u10 ml cf steriledispersed 

made. 

ciriicaltimes forleast threeexaminedAll piglets were at 


ci" d i arrhea.
svmpto rs 

pigUlets were transported to 
day (+&), selectedOn the niext~5. ion. Stornachsby electrocutarid sacri1-1'edthe laboratory of each was 

; were obtained; 1 m
arid contents.were excised 


cf steri.le distilled 
 water [pHI. Pars 
dispersed in 0i ml 

3 gm wasstcrnachz was excisec from each 
es:,phagus regicr 

• ed saline.
sterite 1 n,osphate-b..

dispersed in 30 nl of 
IOU pm of each smalsed ;were exc

"ihe small intest ines 
of sterile phosphatein, 100 ml

LS] were homoenizedintestire were made 
buffered 

serial dilutionssaline (PBS) anio 
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LI'I]i -'"rot ," Cu a-,[ i aria.ivses . Contents cf t he caeca were 
otained; 1 Urn LQ was dI s uPored in 10 ml :.f steri le PBS 
arid seria .1a were LIitn. lCrs 	 taO cr:,1 io. 1:,ql al analyses]. 
Corit ert s of the l arq e t easti re were ,:ot ai re; 1 fm iFI was 
dispersed in .1U ri 1 .,i steril PB S a ff n seri,al dl .1ut1.ciris W2rE-. 
made. 

ll piglets were examirned at least tnree trme, for! cinJcal 
symitoms cf diaprn.ria. 

6. 	 On the next cay (+3), selected piglets were trarsoorted to
 
the labor atocry and sacrificed by electroccutior. Stomacns
 
were excised ario contorets were cobtain ed; I rn 
 ,of each was 

isoerseo ir 1u r1l of sterile istilled water [pH. Par's 
eso,hagus re'gion was excised from each stbriiacn; 3 un was 
dispersea rl1 sterinn m, or a le ,phosphate-bu1-teredsali re. 
The smalIl intest ieros were excised J UU rm of each smal 1 
intestine LbJ were n ,rmioneized ir IUO rWJ cf sterile phosphate
butetred sa I. ane ( PBS) aro ser3-'ial oi luti ,a_,riswere made 
tLmi. Cr',l oIqca.[ analyse ,. C,onteerits of the caeca were 
obta a ne- ; I am EUJ was suerecJ alri 10 ml of steri le PBS 
arid ser'ial 10aht I, Cis were made Lrmiarcobilo 0,[ ical ar alyses . 
Corterts of o inrtest irecth argie were :bta Lned; 1 gm LF] was 
dispersed i ri 10 ml cf steri P andr-BS seria! di lut i.,onis were 
miade. 

All piglets were examined at least three times for clinical 
Symptm:,rs of diarrhea. 

7. 	 Or the next day (+4), selected piglets were trarisao:-ted t': , 

the Iaboratocry ard sacriticesd by electrocutio or. Stomachs 
were exc aseC and corienit s were obt ai ned ; I gm o:f each was 
dispersed in 1u ml of sterile cistilLed water [pHJ. Pars 
esophaius regi r was excalseo from each stomlach; 3 gm was 
disperseda in 3U rml ,ocf sterile phcsohate-bu 1-ered sal.ine. 
The smal i antest ines were exciseo ; 100 am of each smal 
intest 1 ne . bJ were hormogeni zed ain 100 ml.:,f ste ri le ph osphate
buffereo sal i n,P B"ES) ard ser aal dil ut aors were made 
Lmacrb i ,_l,::,icaL aria '.. vsesJ Corterits of the caeca were 
obt ainred ; 1 urn L was "1nrS'd 3n 10 ml of sterile PBS 
ard serial olut aiCs were mace [ml crroio-iopacal aralyses]]..
Crterts of the larqe itest are were obtained: 1 am [F was 
dispersed ini Wiii cf steri le WPB arid serial iI it, rris were 
mad e. 

ll pilets were examined at least three times for ciinical 
symptoms o- diarrhea. 

S. 	 A11 serial dilutio-ris were used to inoculate Levine' s Eosin 
Methvere-buie Agar 'bEI) Lerumeration of . gQi MRS 
agar 	 (MRS) Leriu'lerati on cf lactic acid producers: lactobacilli 
arid st reptococci ] and Humer, r i 'id-bl uccse-Cel lc,,ose Agar
(RCG) Lerum, rat ,:f total bacterial. EMB plates were 
iricubated aerobically at 37C for 24-48 hrs. MRS arid RCGP 



r,-,il 	 tuoes were incubated anaer-b ically at 37C for E4-'B 
hIrs. 

Ir Pio Trial R. all st:racrl, small irtestire, caecum, ari 
largje i ntest ie contents were is pr'e+o imr,ediateiy i 20 
ml cf sterile di st : I lea water cv vcr't e xi eThenH was 
determlreed usrq arn al iquo,t (Cl ) 1 tim each suspersior. 
These al iqutc s were sc,-,red at -,i0 C re,r lactic aca Oeter.
mirat ir. Sigma Kit 8d6-LUV was used to prepare st ar, n. s 
ard to determne lact ic ac id concent rat iors [see Prot :co 
for L.act i c Hi 10 Det ermir, nat icon]. Pbsorbance at n-4c rnn was 
determinred usi ng a Perkin ler Lambda 3 UV/VIS
 
sipectv;rrophoI;ometeri. the rerTainaer 
 ( 18 ml ) of each suspenslorn 
was storedi at -20t)C for ClI deterrin, at i or. After' thawlreq, 
0. 1,8 ml I ,5 NaNU was added and t he ClI (ontent was 
deterrn re, usir, an U3rion iCrr specif ic electrode. 

10. 	 Ir, Pin I r ial 5, selected piaulets were transpo:,rted tc the 
laboratory arci sacrifiaced by electrocut ior. Stomachs were 
excised ard cont en; s were cbt a ined; I nr:o,f each was 
dispersed ir 10 ii of sterile distilled water [oH]. Pars 
esopharus region was excised I rorn Pawte storach ; 3 gl was 
dispersed ir 30 ml cf ster i le pn,7sonace-buftereo saline. 
The sme i . i rt est i -neswere exci seu ; i g,em of eac srea l l 
iretestire L61 wer'e hiomoqeri zed Ire l00 rel -,f sterile
 
phl].:, rerSaI, beet fere(J s,,il&.1 ine (PH.5) an d serial di lut iCres 
 were 
rmade Liilla crobi lo, icqa-al artal. sesi. Conterts of the caeca 
were c-btaiarich J um I was irInre1 CliF'i,rsed 1. ll of sterile 
PBS and serial oiutiors weroere Lricr'oicloqisaI arealyses]. 
Corterts of the large intest an e were obtaired; I gi IF was 
disperse ir 10 ml cof sterile PBS araci serial a1ilut icres were 
mlade. 

xx 



PIG TRIAL #4 - - 2CA (Lab culture)/E]EC 0149 
May 12, 1989 

2CA was isolated from the cecum of suckling piglet #2 
 (106-1)
 
during the first pig trial. Lab tests have indicated that it is
 
most likely a Lactobacillus sp..
 

2CA challenge: Day 1: 

Day 2: 
Day 3: 

7.7 x 109 cells/pig 
(log phase, in 10 ml MRS broth) 

1.8 x 109 cells/pig (same) 
4.2 x 109 cells/pig (same) 

ETEC challenge: Day 3: 8.5 x 1010 cells/pig 

ETEC 0149:K88:K91:nm (in TSB + 
glycerol, brought to 5 ml with 

10% 

sterile PBS) 



PIG TRIAL #5 - - SF+ (Medipharm) / 2CA (Lab culture)/ ETEC 0157 
July 14, 1989 

2CA was isolated from the cecum of suckling piglet #2 (106-1)during the 
first pig trial. 
 Lab tests have indicated that it is
 
most likely a Lactobacillus sp..
 

SF+ challenge: Day 1: 
 3.0 x 109 cells/pig
 
(5 ml in d1H20 w/Land-O-Lakes milk replacer)
 

Day 2 and 3: 
 Same as above.
 

2CA challenge: Day 1: 5.4 
x 109 cells/pig
 
(log phase, in 10 ml MRS broth w/

Land-O-Lakes milk replacer)
 

Day 2: 1.6 x 1011 cells/pig (same)
 

Day 3: 1.1 x 1010 cells/pig (same)
 

ETEC.challenge: Day 3: 
 1.0 	x 1011 cells/pig
 
ETEC 0157:K88ac (in TSB + 10%
 
glycerol, brought to 5 ml with
 
sterile PBS)
 



PREPARATION OF SF PLUS FOR PIG CHALLENGE
 

SF Plus: 	 Probiotic made by Triple "F" Products, Des Moires, 
Iowa; ccnta ins St__eptoccoccus faeciIn M74 

Dose: I gm of SF Plus in 5 ml dH20 per pig 

1. 	 The appropriate amount of SF Plus was dissolved in dH20 with 
st irring. 

2. 	 5 ril of this mixture was orawn, into a 10 cc syringe using a 
need I e. 

3. 	 The syringe was capped (withOut the needle) and placed on ice 
until the time of challenge. 



PREPARATION OF E. coli FOR PIG CHALLENGE
 

Two cultures of enterotoxigenic E. q cli were obtained (3/88) 
from the Penn State Reference Center: 

ETEC 0157:K88ac:H13
 

ETEC 0149:K91:K88ac:NM1
 

ETEC 0157 was used for pig studies.
 

Preparation of cellsi
 

1. 	 7 ml BHI or TS broth was inoculated with ETEC 0157 from a 
stock plate and incubated aerobically for 18-24h. 

2. 	 This culture was then used to inoculate a 4 1 tlask 
containing 2 1 TSB and a stir bar. (The inoculum was 
also streaked conto BHI or TS agar to check for contami
nat i on ). 

3. 	 The flask was incubated aerobically at 37:C, with stirring, 
for 	z 18h.
 

4. 	 The cells were harvested by centrifugation in sterile tubes 
at 8,000xq for 10 min. 

5. 	 The cell pellets w1'e suspended to 40x concentration using 
TSB + 10% glycerol. One ml aliquots were made into sterile 
cryovials and btored in liquid N?. (One aliquot was set 
aside to use for a plate co.unt and to check for contarniria-
t i on) . 

6. 	 After 48h (arid/or 1 week prior to the challenge study), one 
aliquot was removed fcrm the liquid N& and a plate count was 
per formed. 

Preparation of challenge dose:
 

Each dose of ETEC was made to contain 1011 viable cells: 

1. 	 The appropiate aliquot of ETEC was removed fromi the cryovial 
by using a 10 tc syringe w/needle. The volume in the syringe 
was brought to 5 ml by diluting with sterile PBS. 

2. 	 The syringe was then capped (without the needle) and placed
 
on ice until tile pig challenge. 



LACTIC ACID DETERMINATION OF PIG SAMPLES
 

Preparation of sarnple: 

2 gm of small intestine conter:ts, cecumn contents, and feces 
were each suspended in 20 nil sterile dH20 

NI
these samples were vortexed to disperse the contents, 

and 3 ril aliquot was centrifuged =1 nir 
@ Xl, O00xq 

2 ml supernatant was added to 4 ml cold 10% TCA 
(10% ]CA = 0.6 N trichloroacetic acid) 

this mixture was vortexed for 30 sec. 
and placed on ice for 5rmin. 

the sample was filtered using a 0. 45 pr
 
chemical-resistant tilter and frozen until
 

the time of assay 

SIGMA kit 826-UV was used to deteriirie lactic acid concen
trations; standards were prepared using the kit 
and treated same 
as sarlples on the day of experiment. (Standards were added to
 
the cold TCA, mixed, filtered, and frozen until the time of
 
assay).
 

Instruct ions ir 
 the kit were followed with the fol lowing
 
except ions:
 

* Reaction volumes were 
all cut in half (total final volume = 
1.5 ril).
 

* Both UV and Vs lamps were used simultaneously to read
 
results at Abs 340 rim.
 

A standard curve %.,as toused determine the concentration of 
lactic acid. These 
 results were compared to the concentration~s
 
that were calculated from the absorbance values of the samples

(equations givqn in kit booklet). rhe concentrat ioris determined 
using the standard curve were comparable to those determined by
calculation. Although, this kit is 
intended for determining the 
arnount of lactate in blood, there appears to be no problem in 
using it to determine the concentrations of lactate in our
 
intestinal samples. 
However, the presence of blood in any of the
 
samples should be considered as a possible source of error. 

The Perkin-Elmer Lambda 3 UV/Yis Spectrophotmeter was used for 
reading the assay. 



SUMMARY OF MICROBIOLOGY (E. coli INHIBITION) ASSAYS
 

Two types of assays, simultaneous and deferred, 
were used to
 

determine if certain tester organisms were able to inhibit 
growth
 

of an indicator organism. The indicator 
organism used in our
 

assays was enterotoxic E. coli (0)157:K88ac:Hl3; obtained from the
 

E. coli Reference Center at Penn State). In broth assays,
 

inhibition of the indicator organism can be detected 
 via plate
 

counts and/or direct counts (using a Petroff-Hauser chamber). On
 

agar, inhibition of the indicator organism can be visually
 

detected and the zone of inhibition can be measurec.
 

MRS, RHI, or YCL media were used in the inhibition assays
 

depending on which medium the tester organism grew best. Tester
 

organisms grew best on either MRS, BHI, or YCL, while E. 
coli
 

grew best on BHI. E. coli cannot grow on MRS, thus MRS was only
 

used as a 
 liquid medium, for growth and maintainence of the
 

tester organisms. YCL agar was often used 
 for the inhibition
 

assays to give the tester 
organisms as much advantage as possible
 

over 
the faster growing E. coli indicator.
 

In the simultaneous assay, the 
 tester and indicator
 

organisms are grown simultaneously 
 in broth or on agar plates.
 

Several factors 
 should be considered when using simultaneous
 

assays: 
 growth rate of the tester and indicator organisms, phase
 

of growth of tester and indicator organisms at time of
 

inoculation, amount of inoculum 
 for tester and indicator
 

organisms, etc. The importance of these factors vary depending
 

22)
 



on whether liquid or solid media 
is used for the assay and what
 

kind of media is used (BHI, YCL, 
or MRS). The simultaneous assay
 

performed on agar was 
 used most often and is the simplest and
 

quickest inhibition assay.
 

In the deferred inhibition 
 assay, tester and indicator
 

organisms are grown consecutively. Thus, 
inhibitory substance(s)
 

released during the growth 
 of the tester organism should be
 

present in the medium at the time of 
indicator inoculation. Two
 

different procedures (CHCI , and inverted agar) were used 
to
 

perform deferred inhibitioi assays on agar.
 

The three 
 types of assays we used to determine whether the
 

tester organisms inhibited ETEC 
were (1) simultaneous inhibition
 

assay, (2) deferred inhibition assay--CHCl., procedure, and (3)
 

deferred inhibition assay--inverted agar procedure. These assays
 

were all performed on solid medium, either 
on BHI agar or YCL
 

agar. rhe protocols for 
these three assays are included.
 



SIMULTANEOUS INHIBITION ASSAY
 

Purpose: To determine the ability of various bacteria (primarily
 
lactic 
acid producers) to inhibit growth of enterotoxic E. coli
 
(ETEC).
 

Test and Indicator organisms are grown simultaneously.
 
Thus, inhibition of ETEC may be dependent on growth rate of test
 
organism and early release of 
diffusable inhibitory substance(s).
 

Media:
 

YCL
 
Yeast extract 0.30 g
 
Casamino acids 0.50 g
 
Lactose 1.00 g
 
KH,.PO . 0.45 g
 
Na%.PO.	 0.05 g
 

100 ml dH,-O + 1.1 % agar 
BHI agar 

(YCL agar favors the growth of lactic acid producers over
 
ETEC, while still supporting growth of ETEC; ETEC may
 
get too much of "head start" when using 8HI agar--for a
 
more accurate or sensitive assay, use YCL agar)
 

Bacteria:
 
Indicator strain ETEC 0157:K88ac:H13 (obtained from
 

Penn State E. coli Reference Center, 3/88)
 
Tester strains = Swine i(solates of Lactobacillus,
 

Streptococcus, etc.
 

1. An overnight culture of ETEC was diluted by adding I ml to 7
 
ml BHI broth. 80-100 H1 of this dilution was spread to dry
ness on the appropiate agar plate.
 

2. 	 One drop (pasteur pipette) of each tester strain was then
 
spotted onto the surface of the agar plate.
 

3. 	 After drying, one set of plates was incubated aerobically,
 
and the other set incubated'anaerobically, at 37 0 C.
 

4. 	 Results of inhibition (zones) were read at 6 h and 24 h.
 

NOTE: Particular atter.tion must be paid 
to the dryness of the
 
plates to be used. For accurate results, ETEC must be
 
spr'ad to dryness and tester spots should not diffuse!'
 

References:
 

Mitchell 
& Kenworthy. 1976. J. Appl. Bact. 41:163-174.
 

Aimutis's protocol (Chris Hanson's Labs, Inc.)
 



DEFERRED INHIBITION ASSAYS
 

Purpose: To determine the ability of various bacteria 
(primarily

lactic acid 
producers) to inhibit growth of enterotoxic E. coli
 
(ETEC).
 

Test and Indicator organisms are grown at different times.
 
Thus, inhibitory substance(s) released (at any time) during the
 
growth of the tester organism can diffuse through the agar prior
 
to inoculation with indicator organism.
 

Bacteria: 
Indicator strain = ETEC 0157:K88ac:H13 (obtained from 

Penn State E. coli Refrrence Center, 3/88) 
Tester strains = Swine isolates of Lactobacilli, 

Streptococci, etc. 

CHC., Procedure:
 

Media: BHI agar
 
NOTE- BHI agar must be prepared in glass petri dishes
 

for CHCI-, procedure.
 

BHI 	soft agar overlay (7 ml, 0.8% agari
 

1. 	 Tester strains were spotted 
(1 dp using pastuer pipette) onto
 
agar plates, in duplicate. One set of plates was incubated
 
aerobically, 
the other set was incubated anaerobically, at
 
37 0 C for 24-48 h.
 

2. 	 Tester strains were 
then exposed to CHC:., by placing z 7 ml 
CHC13 in the lid of the inverted plates (under fume hood). 

3. 	 After exposure to CHCI:-, for 40 min., the plates 
were allowed
 
to air dry for I h at 37 0 C (open plates and invert on lids).
 

4. 	 After the CHCI:-, had diffused from the plates, they were over
layed with 77 ml soft BHI agar (0.8%) that had been seeded
 
with 50 Hi of an overnight culture of ETEC (indicator organ
ism).
 

5. 	 Plates were incubated aerobically and anaerobically at 37 0 C,
 
as before, and results were read after 6 and 24 
h.
 

References:
 

Bauernfeind and Burrows (cited by Rolfe et 
al)
 

Aimutis's protocol (Chris Hanson's Labs, Inc.)
 



aar Inversion Procedure:
 

Media: RHI agar
 
(allows for good growth of Lactobacilli and Strepto
cocci, and supports good growth of ETEC; Lactobacilli
 
and Streptococci grow best on MRS agar, however MRS
 
does not support growth of ETEC)
 

YCL 	agar
 

Yeast extract 0.30 g
 
Casamino acids 0.50 g
 
Lactose 1.00 g

KHjiPOe, 	 0.45 g
 

Na;,PO, 	 0.05 g
 

100 	ml dH;.O + 1.1 % agar
 

(YCL agar favors the growth of lactic acid producers
 
over ETEC, while still supporting growth of ETEC;
 
ETEC may get too much of "head start" when using BHI
 
agar. YCL yields more accurate results in the simul
taneous assay and may likewise be more accurate in
 
the deferred-agar inversion assay)
 

1. 	 Tester strains 
were spotted (I dp using pastuer pipette) onto
 
agar plates, in duplicate. One set of plates was incubated
 
aerobically, the other set was 
incubated anaerobically, at
 
37 0C for 24-48 h.
 

2. 	 After incubation, the agar was detached from the side of the
 
petri dish using a sterile (flamed) spatula. The plate was
 
then inverted and slapped sharply against the benchtop so the
 
agar fell into the lid of the plate.
 

3. 	 The exposed surface, previously at thE bottom of the dish,
 
was spread with 100 P1 diluted ETEC (indicator strain).
 
(Dilution was prepared by transferring I ml of an overnight
 
culture of ETEC to 7 ml BHI).
 

4. 	 Plates were incubated aerobically and anerobically at 37 0 C,
 
as before, 3nd results were read after 12-24 h.
 

References:
 

Kekessy and Piguet. 1970. Appl. Micr. 20:282-283.
 



Cultures isolated from Pig Trial #1
 

Following Pig 
 Trial #1, several cultures were isclated fror' 
the MRS roll tubes inoculated with the dilutions from the pig 
samples cf ex perimenit al gruups SC and WC. S imu Itaneout:5
 
inhibitior assays were nerfcrmed usirg these cultures arid all but 
2 cf the 19 tested inhibited EC. These results were quite 
unexpiected! The cultures tested were then compared 
electrophoretically 	 (Appl. Eniv. Micro. 39M900-907; Moore et a!., 
1980) tc deterrmire it any of the orqarnisr1 s were similar or 
ident ical to one another. The following groups were formed: 

Group 1: 18SC* 	 Group 4: ISC* 
I SA-2'* 

Group 5: 2CA*
 
Group 2: 2Sf*
 

9SA Group 6: 9FEB-* 
1SA-1 (6A) 9FB-2* 

Group 3: 2CB 	 Group 7: 19SC*
 

9FA
 
I8SA
 

18SB*
 
19SB-2
 

1950
 

(3A) 19SB-1 (lost during transfers) 

Note: 	 The followinq scheme was used for qiving the 
cultures lab numbers: 

example: ISA-2 1 = pig no. (lab no.) 
S = small intestine 
A = first colcony picked from 

piq I's small intestine 

"-2" indicates that ISA turned out to be a mii xed 
culture, and this is the secord- colony type. 

One representative culture from each 
qroup and subgroup was 
tested for inhibition of EC. rhe cultures chosen are asterisked. 
Al1 the organisms isolated from this pig trial were gram 
positive, arid all but 1SC grew best anaerobically using MRS
 
medium. Culture 1SC was the orily strict anaerobe and did niot 
grow well on MRS. ISC was grown con BHI and this was uFed in all 
the assays performed or iSC. Or, all other cultures, the 
simultaneous orarid deferred inverted agar assays were performed 
YCL, and the deferred CHCI 3 assay or, MRS using a BHI overlay. 



- --

Results of inhibition studies
 
using cultures isolated from Pig Trial #1
 

Assay
 

De forreo 

Simultaneous 
 Inv. Agar CHC13
 

Culture 
 O OAnO AnO2 02 An0202 


18SC + +  + - + 

2SA + + - + 

18SB + + - + +
 

1SC ...... 

2CA + + + + + + 

9FB-I 
 - + - - +/-

9FB-2 + + - + ++ 

19SC + + - + _ + 

Notes:
 

Simultaneous assay--

In the aerobic simultaneous assays, the inhibition was always
 

at the spot of tester growth, and , with the exception of 2CA,
 
infrequent ly extended 
 1 rmm beyond the tester spot. 2CA 
inhibited up to 4 mm from the tester spot. ISC did not inhibit 
EC. 

In the anaerobic sirnultanecus assays, the inhibitior was still 
at the spot of tester growth, and somuetimes extended 3 mm out. 
Again, lSC did not inhibit. 

All MRS (and DHI) controls were negative for inhibition.
 

Deferred_inverted agar assay--
In the aerobic inverted agar assay, EC was only inhibited by
 

2CA.
 
Under anaerobic corditions, however, EC inhibited for 1-15
was 


mm beyond the edge of tester growth. lSC was the only culture
 
which did not inhibit EC 
under anaerobic conditions.
 

All MRS (and BHi) controls were negative.
 



Deferred, CHC13_-assay--
Again, only 2CA inhibited EC under aerobic conditions (upto 10 

mm beyond tester spot). 
Under anaerobic conditions, EC was inhibited by all testers 

except for 1SC and 9FB-1 (upto 22 mm beyond the spot of tester 
growth). ISC did not inhibit EC anaerobically, and 9FB-l was 
quest iorable. 

All MRS (arid BHI) controls were negative. 

Concl us ions 

2CA is the best inhibitor amorng the cultures isolated from 
pig trial 41. Note that this culture was obtained from a cecurii 
sarnpl e. 

See Coniclusioris under Inhibit ion Studies using cultures 
isolated from Pig Trial #2. 



Cultures isolated from Pig Trial #2
 

Following Pig Trial #2, several colonies were picked frormi 
the MRS roll tubes inoculated with dilutions of small intestine 
from WE piqs 128-1 and 135-7 (lab numbers 8 and 19, respec
tively). (These two pigs showed fewer clinical symptoms of
 
diarrhea than the other WE 
 pigs sacrificed). Four colonies were 
picked from pig 128-i arid labelled WE b-i, WE 8-2, WE 8-3, and WE 
8-4. Similarly, the three colonies picked frcm pig 135-7 wer::. 
labelled WE 19-1, WE 19-2, and WE 19-3. These cultures were gram
stained and tested for their ability to inhibit ETEC 0157 ir.
 
vitro. Characteristics of these cultures are given below:
 

Gm. Shape, Col.
 
Culture Stain arrangermlent Morph. Herol yw;i
 

WE 8-I, + very short circular 	 -
WE 	 8-2 rods, poss.
 

cocci, short
 
cha i ns 

WE 8-3, + s-rmed rods, rough-edged
 
WE 8-4 pallisades,
 

chains, 	 gran. 

WE 19-1 + 	 rods, rough-edged no 
chains growth 

WE 19-2 + 	 short rods, circular 

curved chains 

WE 19-3 + 	 cocci, circular 

diplo, srm. 
clusters 

Based on the above characteristics and electrophoret ic
cormparisors of the seven WE cultures, the cultures were grouped 
as following: 

WE 1: 	 WE 8-1
 
WE 8-2 All 
 of these cultures are 

catalase negative, suggesting that
 
WE 2: WE 8-3 they are Lactobacillus or Strepto-


WE 8-4 cocci, and 
 all grow best anaero
bically on MRS medium. 
 All sirmul-

WE 3: WE 19-1 taneous and deferred inv. agar 
assays were performed on YCL, and 

WE 4: WE 19-2 	 all deferred CHC1 3 assays on MRS 
usinq BHl overlays. 

WE 5: 	 WE 19-3
 



Results of inhibition studies
 
using cultures isolated from Pig Trial #2
 

Assay
 

Def erred 

SirnultarIneous Inv. Aqar CHC13 

Culture 02 An02 02 Anr02 02 An02 

WE B-1 + + - + - +
 

WE 8-2 - - + - -

WE 8-3 + + - + - + 

WE 8-4 + + - + - 4-

WE 19-1 + + - + - + 

WE 19-2 + + - + - + 

WE 19-3 +/- + - + - + 

Not es: 

Si mu 1tanecus assaY--
In the aerobic simultaneous assays, the inhibition was always 

at the spot of tester growth, and infrequently extended 1 mrm, out. 

The MRS broth controls were all neqative, indicating that the 
inhibition was due to the growth of the tester' organism. 

In the anaerobic sir1ultanec,'us assays, the inrhibition was still 
at the spot of tester growth, and sormetimes extended 2 mm out. 

Again, MRS broth cortrols were all negative. 

Deferred, inverted atlar assay--

In the aerobic inverted agar assay, EC was not inhibited. 

Under anaerobic: corditions however, EC was inhibited for 3-15 mr 
beyond the edge of tester growth. MRS controls were all 

negat ive.
 

D efe r r ed_C 3 _as__ssay--

Again, EC was not inhibited under aerobic conditions. 
Under anaerobic conditions, EC was inhibited 5-30 mm beyond the 

edge of tester growth. Controls were all negative. 

/ 



Conclusions
 

These results indicate that the tester 
 organisms are
 
producing some substance which 
 is inhibiting the growth of EC. 
In the aerobic simultaneous assay, inhibitiorn is observed at the
 
spot of the tester organism due to 
the presence of this substance
 
and its direct contact with the EC. Under anaerobic conditions,

the tester organismas conitinue to 
produce this substance which may
diffuse from the spot of growth, thus the EC may be inhibited 
beyor.d the spot of tester growth. Remember that in this assay,
the EC are spread on the plate just before the tester organism is
spotted. Thus, the tester and EC are growing simultaneously. Itn 
the deferred assays, the testers are grown for 18-24h before EC 
is spread on the plates. Any substance(s) produced by the 
testers have time to diffuse into the agar. In both the inverted 
aqar and CHC13 assays, EC was inhibited under anaerobic! 
conditiorns only, and to a significantly greater extent than in
the simultaneous assay. In both deferred assays, the EC is ire 
less contact with the tester spot. This, coupled with the fact 
that the testers grow less well under aerobic conditions, may
explain why inhibitiorn of EC is not seen under aerobic conditions 
in the deferred assays. Another possibility may be that the 
substance(s) produced by the tester organisms are not produced
under aerobic conditioris. It is unlikely that the substance(s) 
are sensitive to 02 since inhibition is still observed ir the
 
aerobic simultaneous assay.
 



COMPARISON OF 8F AND ECA
 

Introduction:
 

S tococfcus raecium M74 is the bacteria used 
in the
 
probiotic SF plus, which is produced by Medipharm (Triple

"F" Pi-oducts, Des Moines, Iowa). 
 This organism grows best
 
in BHI broth.
 

2CA was isolated by our 
lab from the cecum of a suckling pig

approximately 3-4 wk old. 
 It is a gram positive, short
 
diplo-rod, and is catalase negative. 
Based on these and
 
other characteristics, we have determined that 2CA is a
 
lactic acid bacteria. This organism grows best 
in MRS broth.
 

LAB isolated by our lab are 
 screened for the desired character
istics of 	 probiotics. The results are 
 then compared to those
 
given by SF - which is already commercially available.
 

Characteristic 
 SF+ 	 2CA
 

Facultative anaerobe 
 + 	 + 

Bile & acid tolerant 	 +a b
 

Generation 	time (min)c 
 29 (BHI) 27 (MRS)
 

Acid production 
 pH 4.75 (BHI) pH 4.45 (MRS)
 

ETEC inhibition in vitrnO 	 + 
 ...
 

Adherence to pig epithelial cells
 

InLvitJn 	 esophagus 4J 
 75 
pars esonh. 11 65 

In vivo 	 esophagus N/D N/D 
pars soph. N/D N/D 

Prevention of ETEC diarrhea ? ? 
aOriginally isolated from human intestines. 
bOriginally isolated from cecum of 3-4 wk old suckling pig.
CETEC 0157 has a generation of 22 min (BHI). 
d table. 
eNumbers given are average number of bacteria aahering per 
epithelial cell. 

N/D = not done. 

v4 



Results of In Vitro ETEC Inhibition 

Tester organism Inhibition Assay 	 Results
 

2CA 	 Simultaneous (YCL) + (1- 4 mm) 02,AnO2 
Deferred inversion (YCL) - (5-15 tarn) 02, AnO2 
Deferred CHC13 (MRS) + (7-21 mm) 02,AnO2 

SF+ 	 Simultaneous (YCL) + (0 mm) AnO 2 
Deferred inversion (YCL) + (0- 1 mm) 02,AnO 2 
Deferred 'HC13 (BHI) (2-15 Mma) 02,AnO2 



PREPARATION OF BACTERIAL CULTURES FOR PAGE COMPARISONS
 

Gram positive cultures isolated from experimental pigs were 
prepared for electrophoresis as follows: 

Cultures were grown in 7 ml MRS broth + 0. 1% CaC0 3 * 
for 12-24h 

Cells were harvested by centrifugation at
 
8, 000xg for 10 rin. 

Cell pellets were suspended in 0. 15 ml
 
0. 15 M fresh Tris-HCl, pH 7.0 arid a spatula tip

of glass beads (z15 pr diai.) was added to the cell pellet 

This mixture 	was vortexed for 4 rlin. to lyse the cells, 
and heated @ 55 0 C for 5 min.* 

The mixture was transferred to a ricrocentrifuqe tube 
and centrifuged z1 min. to pellet the glass beads 

The cell lysate was removed from the pellet and 
prepared as indicated for electrophoresis: 

60 p1 sample lysate 
5 pl bronlpherol blue tracking dye 

8-10 p1 60% sucrose 

30-40 P1 was 	 loaded onto the gel 

*These steps 	help to prevent smearing in the lanes, esp. for grain 
negative bacterial cultures.
 



El ect 	 rophores i s : 

30-40 pl of samlple was loaded onto gel (25 tooth comb used) 

Run gel for 12 n @ 150-;200 V (constant) 
(lower voltage = less smearinq) 

Fix gel with 12% trichioroacetic acid (TCA; careful!!) for

20 win. at room temp. 

Stair with 0.08% Cocrmassie blue in MeOH:AcAc:dH20 (9:4:18) 

for 10 min. at room temp. 

Deshair by diffusion using 10% Acetic acid 

(staining and destaining times may be adjusted for better
contrast) 

Reference: Appl. Env. Micro. 39:900-907; Moore et al., 1980. 



PREPARATION OF PAGE GEL FOR ELECTROPHORETIC COMPARISON
 
OF BACTERIAL CULTURES
 

Recipes:
 

SAGE 1 0.36 g lEMED
 
21.8 g Tris
 

dissolve in Z80 ml dH20; pH to 8.9 if
 
necessary; bring volume up to 120 ml with
 
dH20
 

SAGE 2 40.0 g acrylamide (careful! !-reurotoxirn!) 
2.75 g bis-acrylamide (" ")
 

dissolve in Z70 ml dH20; brirng volume to 100 
ml with dH20
 

SAGE 3 0. 14 g arnriuorim persulfate 

dissolve in 100 illdH20 

SAGE 4 6.25 g acrylamide (careful! !-reuortoxin!)
 
0.5 g bis-acrylamide (" ")
 

dissolve in z16 rml dHO; brinq volume to 25
 
ml with dH20
 

Rur ni rj-lq : Stacking gel: 

SAGE 1 6.0 ml SAGE 1 1.5 ml 
SAGE 2 5.1 ml SAGE 3 3.0 m l 
SAGE 3 6.45 ml SAGE 4 1.5 ml
 
dH20 6.45 ml
 



DEBIRABLE CHARACTERIST1CH
 

Gram positive, catalase negative
 
Facultative anaerobe
 
Bile and acid tolerant
 
Short generation time (30-60 min.)

Good acid production (pH < 4.5)
 
Inhibit E, coli in vitro
 
Adhere to epithetial cells (in vitro4 in vivA )

Reduce incidence of E. c-Li diarrhea
 

SUMMARY OF
 
ISOLATION AND SCREENING OF LAB
 

Initial isolation and screening
 

gram stain, catalase test, faculatative anaerobes
 

Grouping and further screening
 

electrophoretic analysis

growth and pH curves (generation time, acid production)
 
ETEC inhibition assay%
 
adherence assays (in vitro 
 in vivo 

Challenge trial to determine potential for probiotic use
 



Lmolation and Screening of LAB for Probiotic Potential
 

Isolation and initial screnings
 

(1) 	 Pick LAB-like colonies from MRS roll 
tubes (inoculated with 
dilutions from pig esophagus, stomach--pav-Q5 bophan small
 
intestine, or cecum); transfer to AnO2 Chopped-Meat Broth
 
for stock culture
 

(2) 	 Streak onto Sheep DAP, MRS, BHI, 
KF Streptococcus, Tomato
 
juice, and Bile Esculin Agar (02 and AnO);
 
Inoculate 02 BHI and MRS broth;
 
Incubate 24-72 h at 0 C
37 and observe growth characteristics;
 
Gram stain (note morphology);
 
Check for catalse activity
 

(3) 	 Those cultures which behave 
like 	LAB on the various media,
 
can grow aerobically (facultative anaerobes), and are gram
 
positive and catalase negative, are used for further
 
screening. The stock culture is grown in MRS broth and
 
several 1-1.5 ml aliquots 
(0 4-6 drops sterile glycerol) are
 
frozen and stored in liquid N2.
 

Grouping ana further screening of LAB isolatesm
 

(1) 	 The isolates to be used for further screening are compared
 
electrophorectically and grouped. 
 Those isolates which give
 
identical electrophoretic patterns are grouped and 
one
 
representative from each group 
is used for the following
 
assays.
 

(2) 	 Growth 
curves and pH curves are performed in MRS broth for
 
each culture (BHI broth 
is used only if poor growth is
 
achieved in MRS).
 

(3) 	 Simultaneous and deferred 
inhibition assays are performed
 
using each isolate to determine if that isolate can inhibit
 
the growth of ETEC in v
 

(4) 	 In. yjtjx. adherence assays are performed using squamous 
epithelial cells scraped from pig esophagus and oars
 
e hanuZ, to "clean
(These pigs are given Penicillin V 

out" their normal flora). The epithelial cells are incu
bated with the various LAB isloates, and adherence is
 
observed and quantitated using a 
phase contrast microscope.
 



(5) 	 Ln vivo adherence assays are performed using pigs "cleaned"
with penicillin, and subsequently fed 
a LAB isolate. (1)

Tissue samples from the esophagus and pAr_. esoptanua are

thin-sectioned using a 
cryosrat-microtome, gram stained, and

observed using a 
light m'croscope (note morphology of
 
bacteria). (2) Microbiology assays of these samples are
 
performed by plating dilutions of the homogenized tissue on

MRS agar-. Colonies are electrophoretically compared to the

LAB isolate fea 
to the pig to determine it adherence
 
occured.
 

Challenge trial to determine probiotic potential of LAB isolatesu
 

LAB isolates with the most desired characteristics of a probiotic

culture are 
 used in a challenge trial 
 to determine 
their
effectiveness 
 in protecting 
pigs against EJ. cia t-associated
 
diarrhea.
 

NOTES: (1) Specific antibodies against LAB strains used 
 for

challenges 
would prove useful. Immunoassays such 
as indirect

immunofluorescent assays 
could indicate presence of the 
LAB in
thin-sections of 
 tissue samples, and 
 heAp indentify recovered
 
colonies from 
 dilutions of tissue samples. (2) Gram positive
bacteria isolated from penicillin-treated pigs (other than those

bacteria 
 used in the studies) 
should be screened 
 for their
proniotic potential 
 (growth curves, 
ETEC inhibition assays,

etc.). These pencillin-resistant 
 bacteria would 
 be easy to
follow in challenge trials. 
 It is questionaole whether 
the
development of antibiotic-resistant 
 strains or the 
 isolation of
antibiotic-resistant mutants would be 
 worth our time and effort,

but we should take advantage of those bacteria which are 
isolated

during the ji 
 yivo adherence stu'jies 
and appear to be penicllin
resistant.
 



In vitro Adherencm Assay
 

The 	ability 
of LAB to adhere to squamous epithelial cells
 
may 	be an 
 important factor in determining whether or not these

bacteria are able 
 to colonize the pig esophagus or stomach (par_
e. 
 Bacteria which colonize these regions are constantly

shed, thus the small 
 intestine, cecum, 
 and 	colon recieve a

continuous supply of 
 these organisms. The ability of 
 certain
 
beneficial bacteria to colonize this area may prove 
 important in

maintaining the 
over all health of 
the 	animal by preventing

intestinal disturbances caused 
by pathogenic and opportunistic
 
bacteria.
 

Various lactic acid bacteria may be tested 
for their ability

to adhere to squamous epithelial cells scraped the pig
from 

esophagus and pkra e using the following methods.
 

Day 	1: 
 Transfer pig(s) to clean, disinfected cage without 
feed
 
Give penicillin water (600U penicillin V/ml H20)
 

for 24 h
 

Day 	2: Sacrifice pig(s):
 

* pH stomach contents, if possible
 
* collect tissue samples from esophagus and pAr.E
 

* 	scrape epithelial cells for in vitro adherence
 
assay
 

* perform microbiological determinations by plating
 
dilutions of homogenized tissue samples


* 
section tissue samples using cryostat-microtome,
 
gram stain and observe sections using light
 
microscopy for adherence of bacteria to epi
thelial cells (note morphology of bacteria)
 

NOTES: 
 Gram positive bacteria isolated from penicillin
treated pigs (other than those which are fed to
 
the pigs) should be screened for their probiotic

potential 
(growth curves, ErEC inhibition assays,
 
etc.). These penicillin-resistant bacteria would
 
be easy to follow in challenge trials.
 



n viv Adherence Assay
 

adherence studies are not

It is realized that La vintr 

always good indicators for ia yviy adherence (Pederson and 

Tannock, 1989). Therefore, in vivo studies are necessary to show 

that an organism can adhere to epithelial cells Ln vivo. and 

The following methods were used to
possibly colonize the host. 


perform these studies.
 

feed
Day 	1: Transfer pig(s) to clean, disinfected cage without 


Give penicillin water (600U penicillin V/inl H20) 

for 24 h 

Day 2: Feed of log phase LAB culture (in MRS) by syringe10 ml 


Hold feed and H20 for 24 h
 

Day 	3: Sacrifice pig(s):
 

* 	pH stomach contents, if possible
 

collect tissue samples from esophagus, and pAn5
* 


* 	perform microbiological determinations by plating
 

dilutions of homogenized tissue samples and
 

compare electrophoretic patterns of recovered
 

colonies to LAB test culture
 

section tissue samples using cryostat-microtome,
* 

gram stain and observe sections using light
 

microscopy for adherence of bacteria to epi

thelial cells (note morphology of bacteria)
 

*** 	***
 
i** *** This scheoule may need to be changed 

NOTES: (1) An indirect immunofluorescent assay would be
 

useful in showing adherence of specific LAB to
 

epithelial surfaces of thin-sections.
 

(2) Gram positive bacteria isolated from penicillin

treated pigs (other than those which are fed to
 

the pigs) shoulo be acreened for their probiotic
 

(growth curves, ErEC inhibition assays,
potential 

etc.). These penicillin-retistant bacteria would
 

be easy to follow in challenge trials.
 



--
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Summary of Observations of 
Clinical Manifestations of Diarrhea in 
Suckling Control (SC) piqlets during Medipharm Study (Trials 1,
 
2, and 5). E4.0 (-), normal, firm stool; 3.0 
(+/-), borderline; 
2.0 (+), liquid stool; 1.0 ( ), *watery stool; sacrificed]
 

PIG# -2 -1 +1
0 +2 -1.6 +4 TOTAL 

106-1  _, 

104-2 - _. 

107-2 

101-7  _

107-15 
-


125-2 
 -


125-9  -


135-5  _.
 

126-10 
-


126-7 

128-5 


135-10 ..... 
 .
 

0/12 0/12 0/12 0/12 0/8 0/3 0/12
 



Summary of Observations of Clinical Manifestations of Diarrhnea in
 
Weanling Control 
(WC) piqlets during Medipharm Study (Trials 1,
 
2, and 5). [4.0 (-), normal, firm stool- 3.0 
 (+/-), borderline; 
2.0 (+), iiquid Btool; 1.0 (+), watery stool; * = sacrificed]
 

PIG# -2 0
-1 +1-
 +2 +3 +4 TOTAL
 

106-8 - - -

107-7 - -.
 

101-8 - _.
 

104-9 - _.
 

99-10 

125-6 - -.
 

125-7  +/
 

(3= 0)* 

135-9  - -. 

135-2 

126-5 

126-3 -

128-8 

128-2 - - _. 

71-9 +/- - _ 
(3.0)
 

72-3 

74-7 - - _. 

76-5  - _. 

77-6 
 - - -. 

78-6 

7 9 -3 -...... 

0/20 0/20 0/20 0/20 0/15 0/8 0/3 0/20(I+/-) (i+/-) (2+/-) 

Summary of Observations of Clinica] Manifestations of Diarrhea in
 

f-. 



, Cli (WE) piglets 
[4.0 (-), normal, 
liquid stool: 1.0 

firm 
(+), 

durinq Meiphar-m Stuoy (Trials 1, 2, 
stooi; 3.k0 (+/-), borderline; 2.0 
watery stool; * = sacrificed] 

and 
(+), 

5). 

PIG# -2 -1 0 +1• +2 +3 +4 TOTAL 

104-3 - - - +(2.0) 
. 

96-12 +(2. 0) 

101-5 

106-3 

104-4 

-

-+(2.0O) 

-(1.5) 0 

+(2.5) 

+(2.5) 

+(2.0) 

*x 

106-10 - - - -+(2.0) 

107-8 

125-5 

-

-

-

- - -

(1. 5) 

125-10 

135-7 

-

-

-

-

-

-

-

-

+(1.5) 

126-2 -- +(2.O) 
* 

126-9 -

126-8 - +(2.0) 

128-.1 - +/
(3..0)* 

128-6 

71-3 -

-

+(2.5) 

.-5) 

71-8 

77-4 

PIG# 

-

.

-2 

-(2.0) 

-1 0 +1 

+(2. 

+2 

0) - (2.0) 

+-(1.5) 

+3 

-

+4 TOTAL 



78-4 - - -2. ) 

75-2 - (1.5) 

77-3 _

75-*7  -+(2.5) +(1.5) 

0/22 0/22 0/22 11/22 8/16 4/8 0/3 18/22
 



--

--

Sumary of Observations 
or Clinical Manitestations of Diarrhea 
in 
S, ae (WM) piglets during Medipharm Study (Trials I, 2, and 
5). C4.0 (-). normal, firm stool; 3.0 (+b-), borderline; 2.0
 
(+), liquid stool; 1.0 (+), 
watery stool; * = sacrificea] 

PIG# -2 -1 
 0 +I +2 +3 
 +4 TOTAL
 

104-1 - - 

102-8  _6 

106-6 - _

107-6  _

106-4 
 -


107-4 
 -

135-1 
 -


135-6 
 -


126-1  _.
 

126-11 


126-4 
 -


128-3 

128-4  _.
 

128-9 
 - -*
 

71-7
 

70-4 
 -

7.3-4 -- -

74-8 
 -

75-4 

78-3 
 -

78-9 ..... 
 .
 

0/21 0/21 0/21 0/21 0/16 0/9 
 0/3 0/21
 

Sumary of Observations of Clinical Manitestations of Diarrhea in
 



5. faeiwn piglets challenged with &, C (WME) during Medipharm
Study (rials 1, 2, and 5). f-", Irsormal, firm stool; 3.0 
(+/-), borderline; 2.0 (+),1 liquid stool; 1.0 (+), watery stool; 
* = sacrificed]
 

PIG# -2 -1 0 +2
+1 +3 +4 TOTAL
 

106-11 ..... 

0-10 -  - +(2.0) 

101-6  _

101-2  +/

(3.0) *
 

107-3 - _.
 

101-9 

106-7 - -(2. 5) 

125-4 - +/
(3. 0) * 

125-3 - - _
 

125-8  +(1.5) 

135-3 - - _ 

135-4  - - +(2.0) 

126-13 - -  -* 

128-7 -  - + (2.5) + (2. 0) 

75-6 - - 

71-4 - - -

78-1 - - - +(1.5) +(2. 5) 

73-5 - -- 

74-10 - - --

PIG* -2 -1 0 +1 +2 +4
+3 TOTAL
 



77-1 _

78-7 -+(1.O) 

0/21 0/21 0/21 4/21 5/18
(1+/-) 

2/7 0/3 9/21
(1+/-) 



Distribution of Escherichia rjj in the gastrointestinal tract of
 
piglets during Medipharn Study ([rials 1, 2, and 5).
 

"CFU/q 

GROUP PE S C F 

SC 2.6 X 103 7.0 X 107 3.1 X I07 

WC 2.2 X 106 2.0 X 106 3.4 X 108 3.5 X 108 

WE 1.3 X 105 3.7 x 106 1.3 X 108 6.3 X I07 

WE'D) 1.3 X 105 4.1 X 106 9.2 X 107 1.1 X 108 

WE(N) 1.3 X 10 5 1.8 X 106 6.1 X 107 3.0 X 106 

WM 2.1 X 104 3.3 X 105 6.6 X 107 1.8 X 108 

WME 9.6 X 107 1.7 X 106 1.6 X 109 3.2 X 108 

WME(B) 2.9 X 105 1.7 X 108 1.0 X 108 

WME(D) 6.7 X 104 4.1 X 10 5 3.7 X 109 8.5 X 108 

WME(N) 1.3 X 108 2.6 X 106 3.9 X 108 7.1 X 108 

WC* 5.6 X 103 6.7 X 104 1.2 X 107 

WE* 4.9 X 105 5.3 X 105 6.2 X 107 

WE(D)* 4.9 X 10 5 5.3 X 105 6.2 X 107 

WME* 9.1 X 104 2.1 X 105 4.4 X 108 

WME(D)* 5.2 X 104 1.5 X 105 1. 1 X 108 

WME(N)* 1.7 X 105 3.2 X 1(5 1.1 x 109 



Distrihution of 
lactic acid bacteria in the gastrointestinal 
tract of 
piglets during Medipharm Study (rrials 1, 2, and 5).
 

GROUP PE 

SC 

WC 3.1 X 108 

WE 1.3 X 108 

WE(D) 1.1 X 108 

WE(N) 1.7 X 108 

WM 1.5 X 108 

WME 1.6 X 108 

WME(B) 

WME(D) 4.3 X 107 

WME(N) 2.0 X 108 

WC* 2.6 X 108 

CFU/g
 

S 


1.5 X 108 


3.7 X 103 


2.0 X 108 


2.3 X 108 


5.0 X 107 


1.5 X 108 


1.2 X 108 


1.0 X 107 


1.6 X 108 


1.1 X 108 


1.1 X 107 


C F
 

3.6 X 109 5.8 X 109
 

2.5 X 109 7.4 X 109
 

1.7 X 109 2.1 X 109
 

1.7 X 109 2.2 x 10 9
 

1.9 x 109 9.9 X 108
 

1.5 X 109 2.8 X 109
 

6.3 X 109 2.0 X 1010
 

1.6 X 108 8.8 X 107
 

1.8 X 1010 7.2 X 108
 

5.7 X 108 4.7 X 1010
 

5.2 X 108
 



Distribution of anaerobic 
bacteria in the gastrointestinal tract 
of piglets during Medipharm Study (rrials 1, 2, and 5). 

CFU/g 

GROUP PE S C F 

SC 6.3 X 107 1.3 X 109 2.1 X 1010 

WC 6.9 X 108 1.2 X 108 2.5 X 109 3.6 X 109 

WE P.2 X 108 5.8 X 108 6.3 X 1)9 4.7 X 109 

WE(D) 1.2 X 108 6.7 X 108 7.3 X 109 5.2 X 109 

WE(N) 5.3 X 108 8.9 X 107 9.7 X 108 8.4 X 108 

WM 1.1 x 108 1.1 X 108 2.6 X 109 2.1 X 109 

WME 3.5 X 108 1.6 X 108 2.7 X 109 1.7 X 109 

WME(B) 1.2 X 107 3.5 X 109 5.8 X 108 

WME(D) 5.6 X 107 3.7 X 108 5.5 X 109 9.2 X 108 

WME(N) 4.4 X 108 6.5 X 107 9.8 X 108 2.6 X 109 

;i 
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SUIIMARY FROM 	MEDI.PHAI-RM, IRIOLIS I.. 2, INO 5 
Seot. 28, 108'=l 

RAI I UF LLIC Ib BAC.,TERI.A ~10 E. COL..I 
IN tXPER,.NiI'IL L<L0UPS 

o.I, (LAO/m. coi.) mer cram
 
GRUUP PE S u F 

bu2 ERR 4.8i 1.7 2. 1 

WC 2.i 0.3 0.9 1.I; 

WE 3.0 1.7 1.1 1.5 

WE(D) L. 9 1. / 1.3 1." 

WE(N) 3.1 1.4 1.5 2.5 

WMl 3.9 2. 1.4 1 ..-': 

WME 0. 2 1.8 
 0. 6 	 1t.6
 

WME( 	 ERR 
 1.5 -U.0 -0. . 

WME(D) ii.8 2.6 0.7 -0. 1 

WME(N) Q.2 1.6 C. 2 1. b 

WC* 	 4.7 2.2 1.6 
 ERR
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Sumary of Ooservatiorns of CLinical Marir-estar ions of Diarrhea in 
Control pig]lets (WC) uned ir, studies with lab strain (2CA) 
(Trials 4 and 5). [4.0 (-), normal, firm stool; 3.0 (+/--), 
borderline; 2.0 (+), liquid stool; 1.0 (+), watery stool; * 

sacri ficed] 

PIG# -2 -1 0 
 +1 +2 
 +3 +4 TOTAL
 

42-5 - - - - -

69-1 -* 

70- 11 

71-8 . 

71-9 +/- -. 

(3.0) 

72-3 -

74-7 -- -

76-5 -- _ 

77-6 - - -* 

78-6 -

7 9 -3 -...... 

0/11 0/11 0/11 0/11 0/9 0/6 0/3 0/11 
(1+/-) (i+/-) 



Surnary of ibservations of Clinical Maritestatiors of Diarrhea in 
piqlets challenqed with E CLCLi. 
 (WE) ouring studies with lab 
strain (2CA (rrials 4 and 5). C4.0 (-), normal, firm stool; 3.0 
(+/-), borderlre; 2.0 (+), linuid stool; 1.0 (+), watery stool; 

* = sacrificed) 

PI6G# -2 -I 
 0 + 1 +2 +3 +4 TOTAL 

71-7 - -  - - -

18-11 +/- -* 

(3. 0)
 

18-6 
 -, 

71-3
 

18-5 +(2.0) 

69-4 
 +(1.0) - 

71-6  - - +(2.0) +(1.5) +(2.0) 

69-9 - - -

71-3 - - - +(2.5) 
* 

71-8 - - - +(2.0) +(2.0) +(2.0) 

77-4  - - +(1.5) 

78-4  - - +(2.0) 

75-2  - - +(1.0) 

77-3 - - -

75-7 -  - +(2.5) +(1.5) 

0/15 0/15 0/15 8/15 3/11 3/8 0/3 9/15
 

(1+/-) 
 (1+/-)
 



Sumary of Observations of Clinical 
Manifestations of Diarrhea in
 
piglets receivinq lab strain 2CA 
(WL) (Irials 4 and 5). (4.0 (
), normal, firm stool; 
3.0 (-/-), borderline; 2.0 (+), liquid 
stool; 
1.0 (+), watery stool; * = sacrificed; ** = deleted from 
st udy] 

PIG # -2 -1 
 0 +1 +2 +3 
 +4 TOTAL
 

18-15 - - - 

69-3 
 -

18-3  -+(1.5) 

14-4 - +(2.0) 

71-5 - _. 

18-7 -

71-2 - -. 

70-8 - +(2. -

71-10 

73-2  -

74-12 - -. 

75-5 

77-2 - -

78-5  -.
 

79-4 -......
 

0/15 0/15 0/14 2/14 0/11 0/8 0/3 2/14
 



Summary of Observations of Clinical 
Manriestations of Diar,nea 
in

piglets receivirg lab strain 2CA followed by challenge with E.

f-nli (WLE) (Trials 4 and 5). [4.0 
 (-), normal, firm stool; 3.0
(+/-), borderline; 2.0 (+), liquid stool; 1.0 (+1, watery stool; 

* = sacrificed; ** = found diseased] 

PIG # -2 
 -1 0 
 +1 +2 +3 
 +4 TOTAL
 

70-9 -  - - +i- 

(3. 0)
 

69-8 
 -

14-10 
 -


71-5 - - 

(3..0)* 

70-3  +/_ ** 

(3.0) 

71-9 --
 +/_ - ** 

(3.0)
 

69-7 
 - - (2.O) 

69-6  _.
 

68-11 

18-13  +(2.0) 

18-16 

14-12 -

18-8 
 -

71-6
 

74-6 - _ 
 _ 
 _
 

77-5 - -

-78-2 - +(2.5) +(1.5) 

69-9 - -(2. 0) 

PIG # -2 -1 0 
 i-1 +2 +3 
 +4 TOTAL
 



78-8 

71-5 .... . 

0/20 0/20 0/20 2/20 2/16 1/12 0/3 4/20 

(i - -
(1-*)(2** 

(4+/-)
) 



Distribution of Escrierichia cnli in the gastrointestinal tract of
 
piglets during Strain 2CA Study (Frials 4 and 5). 

CFU/g 

GROUP PE S C 

WC 2.1 X 106 3.3 X 104 8.9 X 1)7 

WE 1.1 X 106 1.3 X 10)7 6.2 X 108 

WE(B) 5.2 X 105 1.7 X 107 9.0 X 108 

WE(D) 3.4 X 105 2.3 X 105 1.7 X 108 

WE(N) 2.2 X 106 2.7 X 107 1.1 X 109 

WL 9.7 X 10 4 9.7 X 104 5.1 X 107 

WL(D) 1.4 X 105 1.8 X 105 3.0 X 106 

WL(N) 9.1 X 104 8.5 X 10 4 5.8 X 107 

WLE 7.6 X 106 3.5 X 106 2.6 X 108 

WLE(B) 7.5 X 104 2.5 X 103 1.2 X 107 

WLE(D) 1.1 X 106 1.3 X 106 3.2 X 108 

WLE(N) 1.2 X 1) 7 5.1 X 106 2.9 X 108 

WC* 5.6 X 103 6.7 X 104 1.2 X 107 

WE* 4.9 X 105 5.3 X 105 6.2 X 107 

WE(D)* 4.9 X 105 5.3 X 105 6.2 X 107 

WLE* 2.2 X 105 4.5 X 106 4.3 X 108 

WLE(D)* 9.8 X 10 4 1.3 X 107 1.2 X 108 

WLE(N)* 2.9 X 105 2.8 X 105 5.9 X 108 



Distribution ol" lactic acid bacteria 
in the qastrointestinal
 
tract of piglets durin g Strain 2CA Study (Trials 4 and 5). 

GROUP 
 PE 


WC 
 2.5 X 108 


WE 
 1.4 X 108 


WE(B) 
 1.3 X 108 


WE(D) 1.6 x 108 


WE(N) 1.1 X 108 


WL 
 2.5 X 108 


WL(D) 
 1.6 	X 108 


WL(N) 
 2.6 X 108 


WLE 
 1.8 X 108 


WLE(B) 
 4.5 X 108 


WLE(D) 2.1 
X 108 


WLE(N) 
 1.2 	X 108 


WC* 
 2.6 X 108 


WLE* 
 3.3 	X 108 


WLE(D)* 
 1.5 X 108 


WLE(N)* 4.2 X 
108 


CFU/q
 

S 
 C
 

7.2 	X I07 1.0 x 10 9
 

7.2 	X 107 9.8 X 108
 

7.2 	X 107 1.9 X 109
 

X I07
5.1 
 7.6 	X 108
 

9.9 X 107 9.8 x 108
 

1.4 X 108 2.2 X 109
 

1.8 X 108 2.9 X 109
 

1.3 	X 108 2.1 X 109
 

6.7 	X 107 5.5 X 108
 

2.6 	X 107 
 6.7 	X 108
 

3.5 	X 107 1.3 X 109
 

8.9 	X 107 
 2.2 	X 108
 

1.1 	X 107 5.2 X 108
 

1.1 	X 106 1.1 
X 109
 

2.4 	X 106 1.2 X 109
 

4.8 	X 1o5 1.1X 109
 



Distribution of anaerobic bacteria 
ir, the gastrointestinal tract
 
of piglets during Strain 2CA Study (trials 4 and 5).
 

GROUP PE 

WC 5.0 X 108 

WE 3.0 X 108 

WE(B) 9.3 X 107 

WE(D) 4.1 X 108 

WE(N) 2.2 X 108 

WL 2.2 X 108 

WL(D) 8.7 X 107 

WL(N) 2.4 X 108 

WLE 3.0 X 108 

WLE(B) 6.0 X 108 

WLE(D) 1.7 X 108 

WLE(N) 2.9 X 108 

CFU/g
 

S 


8.2 X 1C7 


8.7 X 107 


7.0 X 107 


6.5 X 107 


1.2 x 108 

1.7 X 108 


2.4 	X 108 


1.6 	X 108 


9.1 	X j07 


2.8 	X 107 


X 10 7
3-.o 


1.3 	X 108 


C
 

2.0 X I09
 

1.6 x 109 

4.0 X 109
 

1.0 X 109
 

1.7 X 1,
 

2.6 X 109
 

1.5 X 109
 

2.8 X 109
 

9.8 X 108
 

3.3 X 108
 

1.6 X 109
 

6.0 X 108
 

(
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,Uli l-A Y F"ROMl LH48 I .IN dL.H . H q.. HN,. 
Sent. ea . 15'8j+ 

iRATIt OF LACt[' AWD bAUiL _LTERI+ 1 iALE. UL). 
IN IEXPEH -?,iiti GRLOIjP-jl 

l'q (LHB/E,, . col j 4 -er orar 
GROUP PE SC 

WC 2. I 3.3 1. i 

WE 2. 1 0. 0). : 

WE:(B) 2. 4 0.6 0. 3 

WE(D) 2:. 7 C1. 3 0.7 

WE(N) 1.? 0.6 -U. 1 

WL. 3.4 3.2 1.b 

WL(D) 3.1 3.0 3 

WLkN) 3.5 3.2 ..6 

WLL 1.4 1.3 0.3 

WLE(B) -. .8 4.0 CI./Z 

WLE(D) 2.3 1.4 0.6 

WvLE (N) 1. 0 1.2 -0. I 

WC* 4.7 2.2.6 

WLE* 3. 2 -0.6 0.0 

WLE(D)* 3.2 -0.7 1. 0 

WLE (N)- 3.2 .2 0..3 
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