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JUST1FI1CATION
Houte diarrheal dileeace 1% a major cause of morbidity and
martality througnout the waria, particutarly among cnildren ander 5
years ol age 1n developlny countrles. Hoprootimately S to 10 miliioe
children 1n developirg countries die @ach VEA as a result of
girarrheal disease. Feak 1rvcl1gence ocours betweer the ages ouf 6
momtns to & years, Diarrneal disease irnvaolves cantirnuons |ose of
Finlds and electrolytes wnich leaas o agenydraciarn, maladsorpt o,
and malnutritiar, Hdvanced stages can proaduce fallure in the rnormal
parental cerense mechantsms agalnst microbial 1rvasion and carn
eventually lead tao death. Iri an analysise of previous studies on
acute ararrneal disease 1 developing countries, snyder (Lenbter for
Disease (Cortrol) and Mersorn (World Healtn Orgarnizatiov) coveluded
that tne mearn 1rcidence of diarrnea for chilldren 1n develoaplng
countries ander the age of five 1s &, 5 episodes per cohild per year.
They used 1980 population gata to estimate a total vearly morbidity
of 744 ta 1000 milliorn and a mortality of 4.6 million for ontldrer
Hnaer the aoge of five 1n Rtrica, Asia (excluding China). arnmd Latin
Pmer1ca. Although rnat rearly oo critical a proolem vv deve loped
counmtries such as the Urnted States, acute dirarrheal disease still
remalns a major source of morbidity, hospitalizatiorn,  and loss of
eCoMImlc resoalrcee. Houwte diarrheal disease 15 ranted second ornly to
the commorn cold as a cause of time laost from work in this country.,

Rlithough enterotoxigernc kscherichia o

i1 (HETEC), rotavirus,

and Shigella have aeen reported ta be most coumanly involved in
outbreaks of diarrheal disease 1n developed anag developing couwntries,
cther moromrgantsms, such as Campylobacter Jejuni/coll, may be more

commantly 1nvaolved than previowusiy reported. The primary causative
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agents, as well as the Incldence, of diarrhea: disease varias amorng
difrerent countries ags well as aocross age, sex, and social SN ps
WIthirn each populatior. Foer examnle, 1 Hargladesh, tre enterc—
nathonens moe g Commarnly 1dent e AMOril ena ldren witn dirarrheal

disease 1n a treatmert centepr were rotavirus (4%9%) £

Yibrio chaley ae (8%), and

ar

Migella (D%, However, wher a fi1eld
SUrvey was conducted, B. coda (2on, Bhigella (1%%), and rotavirae
V1% were most Trequently 1dentift1ed A5 causative agenlco. Hlthouagn

cther bpacterial toalmorella and Yersinial), viral (Norwalk agerit) ,

Artl parasitlc anente (Brardia, Lryptosporadl um, and cntamoeba

Metalybica) have peen vinlicated 1n studies or ararrneal 1lliress
amory ohil ldrern, Ghelo 10Nl flroance appearcs tav e 1ess than that of

E: ¢oli, rotavirus, V. choler

2€&, «And bHihige) La.

ETEC 15 cre of the most 1mportant causative agernys of diarrneal
dlsease 1n humarn 1nfants 1 geveloping courries, E. cola COmmcr Ly
seours an early wearning foods, particulariy thoge cot aninated by
tmoure water and unclear wtens:ls HTPrepared uwnger 1nsan tary
condataons., he proolem s turthers aguravated by rapid maltiplicat con
St B ot 1n tomds ot Fonsimed SO alfter pDreparat 1oar., Pathuogenes.s
Dy EIEL, vl ves adherence o eplthellal mucoasa throuugn adnesive
o1l attacned to the pDacterial surfacae, cﬁimnlxatlnn of the small
Intestine., and suboed HBnl secretlon of e@rterot oo rits.

ML Te and colast cort &L T Lol s, Iysoryne, lactafervin

ant  lactoneraxidase that are known to oossege antibacterial properties

munoglonul tns protect VMBLOATES agalnst glrarrheal disease caused by
ETEC tnrouun nassive LML Ty ana by prevent 1mog QaAnesiorn of erntero-—
pathonens to 1ntestinal mucmsa. However, milu ann colaserum alge
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af ETERC o irtestinal mucasa. Lhese nom—immunog labul 1 cubstances
wotld appear to possess structures similar te p1la recepts S oon the
small i1rntestirne orush Lorder membrane. Ire otner stuwdies, bidmar mi ke
appeared to comtalr varliaus ron—immuansnlanunilin fract 1ons that
irhibit heat-labile enterctaxin (LT) orocguced by ERC and chulera
Coaxlrm, as well as preventicn of adnewsion of . cholerae
(hemagriutiviat 1o . Langliosides from nuwmay miik irnibit flurd
secretilon 1nguced by chodera toxin and ETEC L1 1m the rabbit intes-
timal luoop assav.

Progress made 1n this study to determine the ability of lactic
AC1d-praducing bacterta tao prevent colonization by ETEC would be
expecraed to lead to develooment orf rew 1nproved treatments to
orevernt dilarrheal olsease amorng bamam 1nfants. Development of rew
preventive treatment would be of tremendous value to wearil 1ng

nfants 1 developing countries.



MEDIA

EMB

MRS

RGCA

ABBREVIATIONS

Levine's Eosin Methylene-blue Agar (0,, plates)
--enumeration of E. coli

MRS Lactobacilli Agar (AnO,, roll tubes)
-—enumeration of lactic acid producing bacteria
(Lactobacilli and Streptococci)

Rumen fluid-Glucose-Cellibiose Agar (AnO,, roll tubes)
-—enumeration of total bacteria

EXPERIMENTAL GROUPS

sC
wC
WM
WL
WE
WME
WLE

Suckling, control

Weaned,
Weaned,
Weaned,
Weaned,
Weaned,
Weaned,

control

Medipharm supplement

Lab isolate (2CA)

E. coli challenge

Medipharm supplement, E. coli challenge
Lab isolate {2CA), E. coli challenge

EXPERIMENTAL SAMPLES

PE
St
SI,s

LAB
EC

Pars esopnaqus

Stomach

Small intestine
Cecal contents

Lactic Acid Bacteria

E. coli
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E. coli



QUMMHRY. _r RESULTS

Qtreptococcus faecaum M74 (Pig irials 1, &, 3, &5)

1.

None of the pigiets in the S (ri=12), WE (n=20), or WM
(n=21) groups devejoped ‘cliridcal symptoms of diarrheal
disease during the course of this study. However, eighteen

(18) of the twenty—two (=) piglets challenged with an
eriterotoxigenic strain of E. coli1 developed clinical
symptoms. Only nirne (S) of twenty-one 21) piglets

receiving three oral doses of §. faecium prior to E. coll
chall«rige were observed to develop dirarrhea.

Thus, prior dosing with §, fapcium produced greater than a
S0% reduction in 1ncidence of diarrheal disease produced 1n
weanling piglets by enterctoxigenic strains of E. coli.

The SC group contained significantly fewer €. coli 1n their
PE and S tharn did any other group of weanling plglets. The
WME  grcup contairned elevated levels of & coli in their PE
and C [SF 11].

Little differences could be detected in the levels of £,
Coli detected at various sites in the gastrointest¢inal sites
of WE piglets which developed diarrhea [WE(D)1 and those
which did not (WE(N)]; only fecal material (F) of WE(N)
plrglets contained fewer E. coli [S©F &)].

Pig . 2ts which developed diarrnea [WME(D)] in the WME group
actually had fewer E. cgoli 1i1n their PE ana S than did
piglats which did not show clinical symptoms [WME(N)J. Only
in C and F did diarrheal pigs have slightly more E. coli [SF
33.

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

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

The ratio of LAB/E. coli was si1gnificancly lower in the PE
of WME piglets tham 1n any other treatment aroup. This
ratio was sigrnificantly greater in the S of piglets

belonging to the SC group and slightly greater in the C and
F [SF Al.



10.

11,

WE prglets which did rnot develap climicat ovmptoms of
diarrnea haa sigrnficantly greater LAE/E. coli ratilos only

in F. Only n1rnor differences existed at other
gastroirntestinal sites between WE piglets which did and did
not develop diarrhea L(SF BJ. Rmong WME piglets, the ratio

of LAB/E. calli was greater 1n PE, S and C among pirglets
which did develop diarrhea than those which did not; only in
F was the reverse true.

Electrophoretic analyses af KF+ circular colonies picked
from HKF Strentococcus agar plates in Piglet Trial #3
incdicate tnat the 9. faecium used to dose piglets in the WM
and WME group can  be reccvered from the PE as well as the S
and C of piglets in this group. To ocur knowledpe, these
results provide one of the first indications that probrotaic
organisms can become established at sites (FPE) within the
gastrointest-nal tract without prior treatment to disrupt
the rormal microflora present. Since diarrheal disease

detected in Pig frial 3 was probably not caused by E. coli

o WE pigs developed symptoms), nothing further can be
concluded cowncernirng the protective effect especially among
piglets with a high proportion of colonies 1dentified as S.

fagoium.

All SF+ picks from Pig Trial #9 are on plates, are ready to
be inocuiated into broth and processed for electronhoresis.
This portion of the study could not be completed on time
since tre technician hired on this grant resigned in mnid-—
Auqust to accept another position since this grant was being
terminated. We will attempt to complete the study with the
limited resources and persornel at our disposal since this
infarmation would be helpful when attemprting to publish the
results of this stuay.

Norne 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 Pigiret Irials 4 & S.

Im Pig Tri1al &, the average pH of the stomach contents was
below 3.5 and varied little among the rive treatwrant groups.
The average pH of S, €, and F usually varizd between 5.8 and
6. 8. The two hiphest average pH values occurred in the
and F of piglets from SC group.

The average lactate content in S was greater than in either
C or F. Little differences were detected among the five
treatment groups except in C where tremendously elevated
levels were fourd in piglets from the WE Qroup.

The avirage Cl™ levels in small irntestines were greater than
in either C or F. fhe small intestines frowm piglets in the
SC group contained significantly less Cl— char piglets from
any other group. In C and F, piglets from SC, WM and WME

AN



contained slightly more G-,

Similar recults were obtaired i1n Pig Trial 3 but data from
that trial were not used. FHlowever, since this information
was adding little to our undercstanding and required
significant investment of Time and resources, these assays
were deleted /rom Trials 4 arnd 5 to allow picking of KF+
colonies and subsequent eleccrophoretic evaluation.

Lab Strain 2CA: (Pag Trials 4 and 5.

None of the eleven (11) piglets in the weared concrol group
developed clinicel symptoms of diarrhea wihile two «2) of the
fourteen (14) piglets in the Strain 2CA (WL) control group
did. Nine (15) of the fifteen (15) piglets challengea with
enterotoxigenic Eg. coli develaoped diarrhea while only four
(4) of twency (20) PLglets dosed witihy Strain 2CA prior to E-
coli challenge did. However, four (4) other piglets in this
group dev~’aped borderline diarrhea and two of these pigliets
(70-3 arna 71-9 suffered acute dia~rheal disease which
resulted in their deaths.

In general., the highest levels of E. coll foura thrcughout
the pas~rointestinal tract were 1n groups of piglets which
were challenged with E., coll (WE and WLE) L&CA 11. “he S
and C of piglets 1in groups WC and WL containeu the lowest
levels.,

Piglets i1in group WE, which developed clinical symptoms of
diarrheal disease. actually had lLower levels of E.- coli
throughout the gastrointestinal tract than did prglets in
this group which did not contract adiarrheal disease or which

were borderiine [2CA &31. In the WLSE group, pigiets with
borderline diarrhea had the lowest levels of E. coli
throughout the gastrointestinal tract. WLE pinlets whaich

contracted diarrhea had lower leveis of € coli in PE and S
compared to piglets which did not develop clinicai symptoms
[2CA 31.

In general, piglets in groups WE and WLE had lower levels of
E- celi throughout the:ir gastrointestinal tracts one week
after oral challenge [2CR 4].

Little difference could be detected in the levels of lactic
acid bacteria between the various treatment groups
throughout all pgastrointestinal sites examinea (2CA S1.
Additionally, fittle differences - could be detected between
WE and WLF piglets which dic (D) ana did not (N) develop
symptoms of diarrhea [2CA 6 & 2CA 71.

In general, the higher LAB/E. coli occurred in pilglets in

groups WC and WL 1n most si1tes examined in the
gastrointestinal tracts of weanlinrg pigs [ZCA  A). Piglets
in groups WE which did exhibit clinical symptoms of

fA



drarrheal diceaze actually Ccont asrec nioner rati1os orf LAk o
E. coll than piglets which chio nan LECRK B Rdditionat iy,
1N group WLE, prgiets which developed cliirical symptoms of
di1arvhea, as well as  those wha were borderiine, also haa

Nigher ratios of LAR tao E. colil than those who did not.

In piglets thus far examined 1n Py frial #4, we have been
unable to 1gentity but a very few lactic acic bactera
obtaired from the pastroaintestinal tracts of WL and WLE
prglets as Strain 2CA. These studiee are continuing.

All 2CA picks from Pig IMrial #0 are orn plates, are ready Lo

be 1noculated into broth and o be processed faor
electrophoresis. Ihese assays couid not be completec
because the lab technician paid on this cooperative

agreement teriminated hner employient in miLo—Ruqust T0o accept
ancther positior. Although this project has ended, we will
attempt to complete the study with the Limited resources avnd
personmel at our dispaosal.

Miscellaneous

o
[

During this stuay, several colonies were picked from MRS
roll tunes irnoculated with diiutions from pig samples of
experimental agroups 5C and WC 1n Pig 1rial #i anc WE -» Pig
frial #-=. Based upon evaluation of their abrlity to 1rihibit
growth of enterotoxigenic E. coll by simultavecus assay,
deferred 1nverted agar assay and deferred CHClz assay,
Strain &CA, obtaived from cecal contents, was determined o
be the pest potential probiacic aryani s,

Strain 2CA 15 a gram—-positive, short dinlo—rod which ic
catalase negative. Hased ori characteriscics determined 1w
the laboratory, strain 2CA 1s a lactic acic bacteria.

Both strain 2CA arnd SF*Y were screened for characteristics
thougnt to pe desireable for probilotic organisms. Eoth 2CA
and SF* Hoth are faculative amaercbes ama tolerant to both
acid and bile. SF* has a gereration time of &9 min 1w BHI
and produces acid to pH 4. 75%. ZCA has a generasion time of
27 min 1n MRS and pProduces acia to pH 4.4%5, In vatra,
strain 2CA has greater abllity to irhibit growth of E. coli
than SF*. Strain 2CA also has greater ability to bind, in
vitro, pi1g epithelial cells prepared trom the esophagqus as
well as the pars esophagae of the stomach.



LUNCLUS LUN

Irin the studies 1rivo Ll viivig Sgpegigggggus_tagg;um_m74, 81. 8% of
weanling piglets chal lenged grally witn arn entertoxlgenlc strain
oT Escherichia coli  (ETEC) developea cliracal symptons of
diarrhea. However, in the group or piglets which recei1ved three
oral doses of S, faecium prior to E. coli challenpe, aonly 4&.9%
showed clinical symptoms. This 47.6% decrease 1 the 1ncidence
of diarrheal disease clearly demcnstrates the eftectiveriess of
using lactic aci1d vacteria, such as S, taecium M74, as probirotics
to protect weanling piglets against diarrheal 1 sease.

However, these results coule not be explaired based on the
number of E. Celi ana lactic acic bacteria detected at various
gastrolintestinial sites 1m  the weanling pirglets. For example,
little difterences could be detected iw the numbers of E. coli.
detected i ETEC—chal lenged pLittets which did show clinical
symptoms ot diarrneal c.sease and thase which did not., Maoreover,
piglets 1n the group, which were dosed with S, faeciym prior to
ETEC challernge arnd did riot develco diarrhea, actually had fewer
E. colil 1n the pars escophagus and  small irntestire tharn piglets
which did riot develop c¢linical symptoms of diarrheal disease.
These results are not ditticult to interpret since we know that
diarrheal disease 1s produced Dy actiorn of ETEC within the small
1ntest ines and not by the rnumber of E. colli present. Thus,
individual pigtets can have large rnumbers of nonenterctoxigenic
£ coli within their small intestires arnd never show clinical
symptoms; the presence of EFEC within the small i1ntestirne is the
key to whether or riot piglets contract giarrheal Oisease.

In si1milar fashion, we have shown that the abitlity of
certain lactic acid bacteria to proatect against diarrheal disease
results from the presence of those particular organisms rather
than the total number of lactic aci1a bacteria present. For
example, the distribution of lactic acid bacteria throighout the
gastrointestinal tracts was very similar forr all treatment
groups. Moreover, the actual rati1o of tacrtic acid bacteria to E,
cali was greater 1 §. taecium piglets challengea with ETEC which
did produce diarrhea than those which did riot. Thus, this
commonly used parameter fai1lecd to demonstrate any protective
action for S, faeciun. However, we were able to show that the G,
faecium used in this stugy did colonize the pars esophagus and 1s
present in the small Intestine and caecum of dosed piglets.
Thus, protection against diarrheal disease is derivea not from
the totail rnumber of 1actic acid pacteria in the gastrointestinal
tract but trom the presence of only selected arganisns which are
erfective (4. faecium, for example!} avainst ETEC.

Siumlar results were obtained with the lab strain (2CA) of

lactic acad bacteria used 1t this study. Among pilglets
challerigea with EVEC, 60% developed clinical symptoms of
diarrheal disease. However, amorig those receiving prior

challenge with three doses of ZCA, only 2CA4 of tne piglets
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developea clinical symptoms wnile 2 simidar nercent ace  were

borderlina. Nevertneless, a dramatic decresse 1 the 1nciderce
ot o1larrheal disease could bpe demonstrated by treatment with
Strain 2CA. In similar rashiaon to tne study with 4. taecaun,

fi1tvtie differences could be detected amorng creacment Jraups i
the level of lactic acia bacteris detectea throuphaut their
gastrointesctinal tracts. Hdditionalty, piglets which rece:ved
Strain 2CA prior to challenge with ETEC but sti11) contracted
diarrhea had higher ratios af lactic acid bacteria to E. coli
than thase whick did viot. However, due to the abserice of a good
screening method tor Strain ZCA, we have thus Tar beern unable to
consistently demonstrate that Strain 2CH i1s actually cofonmizing
the gastr-ointestival tract. RAlthounh we feel that the decreased
1ncidence of  diarrheal disease 1s due to  oral challenge with
Strain ZCA, we have thus far been unable to demonstrate that this
effect 1s due to colonization of Strain 2CA.



RELUMMENMDHTAOND FUR FUIURE S100Y

Both §. taecium M74 ana Lab Straivi LA have been shown to
have the abpllity to offer some protection to weanliing
Piglets against diarrheal .disease caused by enterctoxigenaic
strains of E. ¢oli (ET1EC). Futwe studies shoula determine
whetner these organisms are also effective against other
organisms HKnown ta cawuse diarrheal disease among Yyoung
children in developing countries.

Studies should be conducted to determine the most eftective
protocol to use 1n acmnlisterivig S. faecaium M74 ang Strain
2CA so that effectiveness against ETEC will be maxiinizec.

Studies should be conductea to determire it other lactic
acid bacteria, such as Medpharm Pi1g Strain Ald, are more
effective 1n preventino diavrheal disease mediated by ETEC
1n plrgiets. [f this studies prove successfil, they should
be extendad to 1nclude other microornganlisms which produce
diarrheal disease 1n young children.

Studies should te conducted to determine the mechanism by
which Q. tfaecium M74 ang Strain ¢CA are able to reduce the

1ncidence of diarrheal disease mediated by ETEC. These
studies should be designed to determine the nastrointestinal
site at which these organisms are effective. This

informatior will allow more eftective screening ot potential
probiortic organisms when this study i1s exparnded to inctude
human trials.



Abbreviated Summary of Animal Hrotocol

1.

fu

Higlets were randomly assigned to ane of the ol baiang
treatment groaps:

Sucklivio Covtral (SC) - prolecs were remaved From
tnelr sows and placed witn a selected sow and altowed
to contilnue nursing theroughont the studyy o other
SOURCE OFf nul it lon was oroavided these ninlets.,

Wearned Control (WE) - Piglets were weared ara placed
together 1n a separate pen 1m a porvtable facilitv.
NZrmal pinlet weaning diet aro water we, e procsaded ad
Lin.

Wearned ETEC (WE) - piglets were wearned arnd placed
tonetner 1n a separate pern 1m the 1salation facility.
Normal piglet weaninn diet and water were proavided ad
11D,

Weared, Medpharm (W) - piglets were wearned arnd placed
together 1m a separate pen 1n the 1solation facility.

Noarmal piplet weanirno diet aro water were provided ad

lib.

Weared, Medpharm, ETEC (Wre) - pDinlets were weaned and
pLraced together in a separate pern 1n the 130iaticn
faci1laity. Normal piglet wearning diet and water were
proavided aa L.

Weared, wirain SCA (W) —~ piglets were weaned and
placed tonether 1n a separate pern 1n the isolatiorn
facility. Normal piglet wearning diet and water were
praviadea ag Lib.

Weareda. Strain ZCH, ETEC (WLE) - piglets were weaned
and placed tonether 1n a separate pern 1n the Lsalatiorn
facility. Normal piraglet weaninng diet and water were
provided aa lib.

After wearnng, all muolets in treatment oroaps W arnd WME
were oiven an oral challenge of ) gm of SF Blus dispersed
1 5 ml of distilled water (Irials 1-3) or mill replacer
(Tra1al o). HIL piglets 1 treatment proups WL and WLz were
given an oral challernoe of | om of Strain cUHd (7107 CEU/gm).

Ht the time of wearairng, all piglets were examined for
climcecal symptams of diarrhea. fhe day of wearing was
desigrniat=2d day (=&).

In the AM of the following day (-1), all piolets in treatment
groups Wl and WME were giver an oral challenge of 1 gm of

SF Plus dispersed 1n 5 ml of distilled water (Trials 1-3)

arr M1lk replacer (ITrial 5). A1l piglets 1n treatment
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groups kWl ana WLE were Dlyer an aral challernge of 1 gm of
Sirain =2CA T™M107 LFu/om).

Hil plglets were examined fore clirical symptoms of dirarrhea.

In the fAM of the next day (), all miulets 1 Creatment
aroups WM and Witk were pglven an cral challenge of 1ogm of
SE Flus gispersed 1n < oml oof distilled water (Ilriais 1-3)
o omi Lk replacer Chrial o). Hll piglets 1n treatment

Qroupns Wi arnd bt weyre giver an orral chatllenge of 1 gm of

7

Straln ok (Tl UEU 7 aim) .

Iy, the afterncon (start1ng at 400 2, all piolets an
roatment groups We ard Whe were 01vern an caral challenge af
an enteroctoxigernc styain (GlS7irg8aciHld an fv1als 1-3 and
OL4T:B88rKIlonm 1n Trial #%) of BEscherichil coll o1 5D oml of
frypnticase Hoay Bratn (™10 LFU/dose) . 111 piglets 1nm
treatment aroups WE and Wik were gilver an aral challenge of
arn enteratoxioerac strarn (014 rBB K3 Tng) o f Egghgr;qglg
coll 1n S oml af Trypticase bHoy Hroth (1o CFu/dose) . A
di1f ferent strain wWas nsed in trials o4 and 5 oque to proplens

cncountered 1n Trial #s an produelng clinical symptoms of
diarrtiea wn Group WE..

Mll1 piolets were axamined for clainical symptoms of diarrhea.

On the rnext aay (¥l celected pirglets were transported to
the laboratory and sacriticed by electrocut ior. Stamachs
were excleed and contents werea cbhtained; 1 gm ot each was
dispersed 17 1O ml of steryle distilled water CpHI. Pars
eermphagus reglon Nas exclse From each stomacni 3 gm WAas
gispersea in A0 ml of steraile Dnmsohate—buffered saline.
fhe small 1ntestirnes were exclseds; 100 gm of each small

intestine LS1 were pomoneny zed 1n 100 ml of sterile pnosphate-

burrered saline (FRD) and serial dilutionsg were mage
(mierobiomtiaonlical analvsesl. Contents of the caeca were
mbtained; 1 oom Ll was grepersed 1n 10 wl of sterile PRS
arnd serial dilutions were macie fmieronrological analysesl.
Coantents of the large intestine were ohtained; 1 am LF} was
dispersed 1n 10 ml of sterile PRS and serial allutions were
made.

Q11 pinlets were examined at least three times for clarnmical
symptoms of diarrhea. ’

Or the next day (+2), selected piolets were transported to
the laboratory and sacririced by electrocut 107, Stomachs
were exclsed and covitert s were optaineds: 1 am af each was
dispersed irn 10 ml ol o sterlle giretilllied water [pHI. Pars
esophangus reglon wWwas excised from each stomachs & 0m wWas
gispersed 1n 30 ml of sterltie phasphate-but fered saline.
The small 1ntestines were exciseds; 100 Om of each small

intestine LSl were homonenized 1n LOO ml of sterile phosphate-

puffered saline (PES) ana serial dilutions were made

-
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tmeraopioioglical analveses]. Lontents of the caeca were
obtaived: 1 om [CJ was disoecsed 1n 10 ml eF sterile PRYS
and serial glriutiarns were mace trmicrablological analvses].
Contents of the large intestine were cotairveds 1 ogm LF] was
dispersed 1rm 10 ml ol sterile MHES ano certal grliutirans were
made.

Rl1l prolets were examined at least tnhnree times for olinrcal
symptoms of dgirarrnea.

Or the rext aday (+3), selected prolets were trarnsported to
the laboratory and sacrificed Dy electroacut1on., Stomacns
were exclsed ana contents were obtained; 1 agm of each was
arspersed i1n 10 ml aof steri1le distilled water LpH]). Pars
esubNagus reglan was excrsed from each stomacn: 2 om was
aispersea 1m0 ml o or sterlle phosphate—~burtered salirne.
The small 1ntestines wore excised: oo g ot each small
1ntestine bl were nomnogernized 1n LOO ml of ster)le phasphat e-
butrfered saline (PES) ang serial oillutiorms were made
Lrmreroabiologlecal anatvse 1. Lontents of the caeca were
obtairveda; 1 oam 0] was dispersed 1n 10 ml ~f steri1le PHS
and serlal dilutions were made Lmicrobilological arialyses],
Corterts of the larpge 1ntestine were abtained; 1 gm (F]l was
dispersed 1m 10 ml of sterile PES and cerial dilutilons were
made.

RI1l piglets were examined at least three times for clinical
svmptoms of dilarrhea.

D the riext day (+4), selected pinlets were trarsoo-ted to
the laboratory and sacritilesd by electrocutiorn. Stomachs
were excrsed and aontents were aobtaired: 1 gm of each was
dispersed in 1lU ml of sterile distililled water CpHI. Pars
esophnagus reglon was exclsed from each stomach: 3 gm was
dispersed 1vm 30 ml of sterile phosphate-bur rered salire.
Tne small 1ntestines were excisea; 100 am of each small
intestine Lol were nomogenized 1n 100 mL of sterlle nhasphat e~
buffered saline (FB5) and seri1al dilutions were made
micrablalogical analysesd. Corntents of the caeca were
abtained; 1 oaom (04 was oispersed 1n 10 ml of sterile PES
and serlal girliutions were made Ltmicroblologicecal amalyses],
Contents of the large 1ntestire were abtairned: 1 am (F1 was
dispersed 1n L0 ml of sterile BHS and serial g1luti1enms were
made.

Rll piolets were examined at least three times for clinical
symptoms or diarrhea.

Rll serial dilutions were used to 1noculate Levine’s Eoosin
Methylere-blue Rgar (EME) lenumeration of E. colil, MR

agar (MRS) Lernumeratiorn of lactic acid producers: lactobac:11i
and streptococcild, and Kumen rlmid—-Glucose-Cel lap) ose fRgar
(RCGA)Y Lerum rataiaon of total bacterial. EME plates were
imcubhated aerocbically at 370C for 24—48 Mres. MRS arnd RCGA

\}
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1O,

ol tubes were 1ncubated anaerabically at 370 fFor Ca4—a8
e,

Ive P1y Traal &, all stomacn, smal l intestine, caecum, arcd
larpge 1ntestine contents were olwspersad 1mmediately 1n 20
ml of sterile distillea water oy varbexing. The pH was
determined using am aliguot (& mi) Troa each SIS DENS 10T,
These aliguots were stored at —20 O fogp lactic acic deter-
M1IViat 10y, Sigma K1t 8-6-UVY was used Lo prepare standards
and to getermine lactic acid corncevntrations [see rotoceol

for tactic Acid Determinaticnd. Absorbarnce at 240 rm was
determined using a Perkin Elmer Lambda 3 ULV/VIS
specuroaphat ometeer, the remairder (M 18 ml) «f each suspenson

was stored at —oo C forr Ol determiviatior. Atter thawing,
0. 38 ml of 5 M NaMtl. was aagded and the (1 content wasg
determinec using an Urilonm 1o spec1tic electrode.

Iri Prg Trral 9, selected pirulets were transported to the
labowratory anad sacrificed by electracut or. Stomachs were
excised angd contents wera obtalrneds 1 oam of each was
dispersed 1n 10 wml of sterile distilled water CoHI. Fars
esaphanus regilon was excised (rom each stomachs 3 gm was
dispersed 1n 30 ml of steri1le pnospnace-bufrerea salirne.
The smail 1rtestines were excliseu; 100 gm of eacn small
mtestire 1l were homogenized 1n 100 ml of sterile
phasphatbe-burtered saline (PRS) and seri1al diluti:;mas were
made Lnicrabralogical analvoes ). Contents of the caeca
were obtalned; | um 1L was giespersed 1rn 10 ml of sterile
PBES and seri1al driutiorns were maoe tmicrobialaglical analyvses].
Cortents of the laruge 1ntestine were obtained; 1 gm [F3} was
dispersed 1 10O ml of sterile PAES and serial ailutions were
nade.



P1G TRIAL #4 — — ZCA (Lab culture)/EVTEC 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: 7.7 x 109 cells/pig
(log phase, in 10 ml MRS broth)
Day 2: 1.8 x 109 cells/pig (same)
Day 3: 4.2 x 109 cells/pig (same)

ETEC chailenge: Day 3: 8.5 x 1010 cellis/pig
ETEC 0149:KB88:K91:vm (in TSB + 10%
glycerol, brougnt to S ml with
sterile PBS)



PIG TRIAL #5 ~ ~ SF+ (Medipharm) / 2cA (Lab culture)/ ETEC 0157

July 14,

2CA was isolated from the cecum of
Lab tests have indicated that it is

during the first pig trial.
most likely a Lactobacillus sp..

SF+ challenge: Day 1:

1989

suckling piglet ¢2

3.0 x 10° cells/pig

(106-1)

(5 ml in dH,0 w/Land-O-Lakes milk replacer)

Day 2 and 3:

Same as above.

+ 10%

2CA challenge: Day 1: 5.4 x 10° cells/pig
(log phase, in 10 ml MRS broth w/
Land-O-Lakes milk replacer)
Day 2: 1.6 x 10" cells/pig (same)
Day 3: 1.1 x 10' cells/pig (same)
ETEC. challenge: Day 3: 1.0 x 10" cells/pig
ETEC 0157:K88ac (in TSB
glycerol, brought to 5 ml with

sterile PBS)



PREPARATION OF SF PLUS FOR PIG CHALLENGE

SF Plus: Prabiotic made by Triple "F*" Products, Des Moines,
Iowas cantains Streptococcus faecium M74

Dose: 1 gm of §F Plus in S ml dHz0 per pig

1. The appropriate amount of SF Plus was dissalved in dHz0 with

stirring.

=

o

rneedle.

&

until the time of challenge.

. S ml of this mixture was drawn into a 10 cco syrirnge using a

. The syringe was capped (without the reedle) and placed on



PREPARATION OF E. cgli FOR PIG CHALLENGE

Two cultures of enterctoxigenic E. cgli were obtained (3/88)
from the Perm State Referernice Cernter:

ETEC 0157:K88ac:H13
ETEC 0149:K91:K88ac:NM

ETEC 0157 was used for pig studies.

Preparation of cells:

1. 7 ml BHI or TS brotin was i1noculated with ETEC 0157 from a
stock plate and incubated aerabically for 18-24h.

fu

. This culture was then used to incculate a 4 1 flask
containing 2 1 TSB and a stir bar. (The incculum was
also streaked onto BHI cr TS agar to check for contami-
rnation).

3. The flask was 1incubated aerobically at 37°C, with stirring,
fcrr ¥ 18h.

4, The cells were harvested by centrifugation i1n sterile tubes
at 8,000xg for 10 min.

e The cell pellets were suspended to 40x concentration using
TSR + 10%4 glyceral. Ore ml aliquots were made i1nto sterile

crycvials and stored in liquad Np. (UOne aliquat was set
aside to use for a plate count and tao check for contamina--
tiaon).

e. After 48h (and/or 1 week prior to the challenge study), one
aliquot was remcved faorm the liguid Nz and a plate count was
performed.

Preparation of challenge dose:

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

1. The apprmﬁiate aliquot of ETEC was remaved from the cryovial
by using a 10 c¢c syringe w/needle. The volume in the syringe

=

was brought to S ml by diluting with sterile PBS.

m

. The syrirnge was then capped (without the rieedle) and placed
or 1ce until the pig chailenge.



LACTIC ACID DETERMINATION OF PIG SAMPLES

Preparatiorn of sample:

2 gm of small i1ntestine conterts, cecum contents, and feces

were each suspended in 20 ml sterile dHz0

|

these samples were vortexed to disperse the contents,

ard 3 ml aliquot was centrifuged =1 min
@ x1,000xq

|

2 ml supernatant was added to 4 ml cold 10% TCA
(10% 7CA = O.E& N trichlorcacetic acid)

!

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

!

the sample was filtered using a 0. 45 Bm
chemical-resistant filter and frazen until
the time of assay

SIGMA kit B&6-UV was used to determine lactic acid corncen—
trations; standards were prepared using the kit ard treated same
as samples on the day of experiment. (Standdrds were added to
the cold TCA, mixed, filtered, and frozen until the time of
assay).

Instructiorns im the kit were followed with the following
exceptions:

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

% HBoth UV and Vis lamps were used simultaneously to read
results at Abs 340 rim.

A standard curve was used to determine the concentration of
lactic acida. These results were compared tc the concentrations
that were calculated from the abscorbarnce values of the samples
(equations given in kit booklet). The coricentrations determined
using the starndard curve were comparable to those determirned by
calculatiaon. Rlthough, this kit is intended for determiviing the
amount of lactate 1n  blood, there appears to be no problem in
using it to determine the concentrations of lactate in our
intestinal samples. However, the presence of blocd 1n any of the
samples should be considered as a possible source of error.,

The Perkin—Elmer lLambda 3 UV/Ois Spectrophotmeter was used for
reading the assay.

gl
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SUMMARY OF MICROBIOLOGY (E. coli INHIBITION) ASSAYS ‘—REEU&¢€*

Two types of assays, simultaneous and deferred, were used to
determine if certain tester organisms were able to inhibit growth
of an i1ndicator organism. The indicator arganism wused in our
assays was enterotoxic E. cali (0157:kBBac:H13; 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 s lnhibition of the 1ndicator organism can be visually
detected and the zone of inhibition can be measurec .

MRS, BH1, 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 VYCL, while E. coli
grew best on BHI. E. coli camnot 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 simultaneogsly in broth or on agar plates.
Several factors should be consideréd 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 tuester and indicataor

organisms, etc. The importance of these factors vary depending



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 assays 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 ingculation. Two
different procedures (CHCl., and inverted agar) were used to
perform deferred inhibitio= 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 <olid medium, either on BHI agar or YCL

agar. The protocols for these three assays are included.

2\



SIMULTANEQUS iNHIBITIDN ASSAY

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

Test and Irdicator 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
KHPO., 0.45 g
Na..PO., 0.05 g
100 ml dH~.0 + 1.1 % agar
BHI agar

(YCL agar favors the growth of lactic acid producers over
ETEC, while still supporting growth of ETEC3; ETEC may
get too much of "head start" when using BHI agar-—-for a
more accurate or sensitive assay, use YCL agar)

Bacteria:

Indicator strain = ETEC 0157:K88ac:H!3 (obtained from
Penn State E. coli Reference Center, 3/88)
Tester strains = Swine isolates of lLactobacillus,

Streptococcus, etc.

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

€. O0One 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 th= other set incubated 'anaerobically, at 37°C.

4. Results of inhibition (zones) were read at &6 h and 24 h.
NOTE: Particuiar attertion must be paid to the dryness of the
plates to be used. For accurate results, ETEC must be
sprnad to dryness and tester spots should not diffusel!
References:

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

Aimutis’s protocol (Chris Hanson’s Labs,; Inc.)



DEFEKRRED 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, iInhibitory 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.

CHCl., Procedure:

Media: BHI agar
NOTE » BHI agar must be prepared in glass petri dishes
for CHCl.s procedure.

BHI soft agar averlay (7 ml, 0.8% agar)
l. Tester strains were spotted (1 dp using pastuer pipette) aonto
agar plates,; in duplicate. One set of plates was incubated
aerobically, the other set was incubated anaerabically, at

37°C for 24-48 h.

@. Tester strains were then exposed to CHCI., by placing ® 7 ml
CHC13 in the lid of the inverted plates (under fume hood).

3. After exposure to CHCl. for 4C min., the plates were allowed
to air dry for 1 h at 37°C (open plates and invert on lids).

4. After the CHCl., had diffused from the plates, they were over-
layed with = 7 ml soft BHI agar (0.8%) that had been seeded
with 50 K1 of an overnight culture of ETEC (indicator organ-

ism).

5. Plates were incubated aerobically and anaerabically at 37°C,
as before, and results were read after & and 24 h.

References:
Bauernfeind and Burrows (cited by Rolfe et al)

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



Agar Inversion Procedure:

Media: BHI agar
(allows for good growth of Lactobacilli and Strepto-
coccil, 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 0.30 g
lLactose 1.00 g
KH.PO., 0.45 g
Na;.PO., 0.095 g

100 ml dH..0 + 1.1 % agar

(YCL agar favors the grawth of lactic acid producers
over ETEC, while still supporting growth of ETEC;
ETEC may get too much of "head start" when using BHI
agar. VYCL 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 (1 dp using pastuer pipette) onto
agar plates, in duplicate. One set of plates was incubated
aerobically, the other cet was incubated anaerobically, at
37°C faor 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 1nverted 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 Rl diluted ETEC (indicator strain).

(Dilution was prepared by transferring ! ml of an overnight
culture of ETEC to 7 ml BHIS.

4. Plates were incubated aeraobically and anerobically at 37°C,
as befare, 3nd results were read after 12-24 h.

References:

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



Cultures isolated from Pig Trial #1

Faollawing Pig Trial #1, several cultures were isclated from
the MRS roll tubes iroculated with the dilutions from the pig

samples of experimnental groups S5C and WC. Simultanecuss
inhibition assays were performed using these cultures and all but
2 of the 19 tested irhibited EC. These results were quite:
uriexpected! The cultures tested were thern caompared

electropharetically (Appl. Eriv. Micro. 39:900-307; Moore et al.,
1980) to determirvie 1f  any or the organisms were similar or
1dentical to are another. The follawing groups were formed:

Graoup 1: 185C* Graup 4: 15C*
185A—-2
Group S: ZCR*
Group 2: 28A*
958A Group &:  9YFR-1*
15A—-1 (GRA) 9FR-2*

Group 3: =CR Group 7: 198C*
9FA
188A
1858%
198R-2
1950
(3A) 1398E-1 (lost during transfers)

Note: The followilivio scheme was used for givirng the
cultures lab numbers:
example: 1SA-2 = pig rno. (lab no.)
small i1ntestine
first colony picked from
p1g 1's small 1ntestine

wr
1

"-2" indicates that 1SA tuwrrned out to be a mixed
culture, and this 1s the secaond colany type.

One representative culture from each group and subgroup was
tested for inhibition of EC. Mhe cultures chosern are asterisked.
All the organisms 1isclated from this pig trial were gram
positive, and all but 1SC grew best anaercbically using MRS
medium. Culture 15C was the only strict arnaerobe and did rat
grow well on MRS. 15C was grown on BHI and this was used in all
the assays performed on 18C. Onn all cother cultures, the
simultanecus and deferred inverted agar assays were performed or
YCL, and the deferred CHCl3 assay on MRS using a BHI overlay.

Y



Regsults of inhibition studies
ueing cultures isolated from Pig Trial #1

Assay
Deferrea
Simultaneous Inv. Agar CHCl3
Culture Oz Anogz Oz AnOz Oz An0z
1880 + + - + - +
Z5A + + - + - +
18SE + + - + - +
15C - - - = - -
2CA + + + + + +
9FE—1 - + - + - Iy
9FB-Z + + - + - +
198C + + - + - -

Notes:

Simultanecus assay—-—

In the aercbic simultaneous assays, the inhibition was always
at the spot of tester growth, and , with the exception of &CA,
infrequerntly exterded 1 mm beyond the tester spot. =CA
inhibited up to 4 mm from the tester spot. 18C did riot inhibit
EC.

In the anaerobic simultarecus éssays, the irhibition was still
at the spot of tester growth, and sometimes exterded 3 mm cut.
Agairi, 1SC did »ot inhibit.

All MRS (and EHI) controls were negative for inmhibition.

Deferred, 1niverted agar assay-—-

In the esercbic i1nverted agar assay, EC was only irhibited by
2CA.

Under anaercbic conditions, however, EC was ivihibited for 1~15
mm beycnd the edge of tester graowth. 15C was the only culture
which did rot inhibit EC under araercbic conditicrs.

All MRS (and BHI) corntrols were negative.

24



Deterred, CHCl3 assay-—-

Rgair, only 2CA inhibited EC urnder aercobic corditions (uptao 10
mm beyond tester spot).

Under anaercbic conditions, EC was irnhibited by all testers
except for 18C and 9FH-1 (upto &2 mm beyond the spot of tester
growth) . 15C did rot inhibit EC anaercbically, arnd 9FE~1 was
quest icrable.

All MRS (and BHI) controls were riegative,

Canclusicors

=2CA 18 the best inhibitcar among the cultures i1solated from
pig trial #1. Note that this culture was obtaired from a cecun
sample.

See Conclusions under Irnhibitionm Studies using cultures
1salated from Pig Trial #:&.

- L0



Cultures isolated from Pig Trial #2

Faollowing Pig Trial #2, several coloriies were picked ¥from
the MRS roll tubes 1noculated with dilutions of small intestire
fram WE pigs 128-1 and 135-7 (lab rnumbers 8 and 13, respec-
tively). (These twa pigs showed fewer clinical symptaoms of
diarrhea tharm the cther WE pi1gs sacrificed). Four colories were
picked from pig 128~1 and labelled WE 8-1, WE 8-2, WE 8-3, and WE
8-4. Similarly, the three colanies picked from pig 1395-7 wersas
labelled WE 19-1, WE 19-2, and WE 19-3. These cultures were gram
staired and tested far their ability to irthibit ETEC 0157 1
vitra. Characteristics of these cultures are given belaow:

(3. Shape, Cal.

Culture Stain arrangement Morph. Hemolysiy
WE 8-1, + very shaort circuiar -
We 8-z rods, poss.

cocci, short

chains
WE 8-3, + s-med rods, rough-edned -
We 8-4 pallisades,

chains, arar.

WE 19-1 + rods, rough-edged no
chains grawth
WE 19-2 + short rods, circular -

curved chains

WE 19-3 + coccl, cCircular o
diplo, sm.
clusteryg

Based on the above characteristics and electrophoretic
camparisons aof the seven WE cultiures, the cultures were groupec]
as following:

WE 1: WE 68-1

we a-2 All of these cultures are
catalase regative, suggesting that
WE 2: We 8-3 they are Lactobacillus or Strepto-
WE 8-4 cocci, and all grow best araero-—
bically ar MRS medium. All simul-
WE 3: WE 19-1 tanecus arnd deferred inv. agar
assays were performed orn YCL, and
WE 4: WE 19-2 all deferred CHCl3 assays or MRS

using BH1 overlays.
WE S: WE 19-

103}



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

Assay
Deterred

Simultarecus Inv. Agar CHC13
Culture Oz Ar0z Oz AnOz Oz Arn0z
WE 6&-1 + + - + - +
WE 8-2 4 + - + - +
We 8&-3 + + - + - +
WE 8-4 + + - + - +
WE 19-1 + + - + - +
WE 19-2 + + - + - +
WE 19-3 +/- + - + - +

Nates:

Simultarecus assay——

In the aerobic simultanecus assays, the inhibitiorn was always
at the spot of tester growth, and infrequently extended 1 mm out.
The MRS broth controls were all rnegative, indicating that the
inhibition was due ta the growth of the tester arganism.

In the amaerobic simultanecus assays, the 1rnhibition was still
at the spot of tester growth, and sometimes extended 2 mm cut.
Again, MRS broth contrals were all repative.

Deferred, 1nverted apar assay—-—

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

Under ariaerobir conditions however,EC was inhibited for 3—-15 wmm
beyornd the edne of tester growth. MRS controls were all
negative.

Deferred, CHClz assay——

Again, EC was not inhibited under aerabic conditions.

Urnder anaerobic conditions, EC was irhibited S-30 mm beyowrid the
ednge of tester growth. Controls were all nepative.




Conclusicns

These results indicate that the tester orgarnisms are
producirng some substarce which is irhibiting the growth of EC.
In the aercbic simultareous assay, irnhibition is cbserved at the
spot of the tester oarganism due ta the presence of this substance
and its direct coarntact with the EC. Urder arnaerobic caonditions,
the tester arganisms continue to produce this substance which may
diffuse from the spot of growth, thus the EC may be irhibited
beyond the spot of tester growth. Remember that i1n this assay,
the EC are spread on the plate Just before the tester orgarism is
spotted. Thus, the tester and EC are grawling simultaneously. Iy
the deferred assays, the testers are growre far 18-24h before EC
is spread on the plates. Any substarce(s) produced by the
testers have time to diffuse into the agar, Iri both the inverted
agar andg CHCl13 assays, EC was 1nhibited urder araercbic
conditions only, and to a significantly greater extent tharn in
the simultaneocus assay. In both deferred assays, the EC is i
less corntact with the tester spot. This, coupled with the fact
that the testers grow less well under aercobic conditions, may
explain why inhibition of EC is rnot seen under aercbic corditions

in the deferred assays. Ancther passibility may be that the
substance(s) produced by the tester organisms are rot produced
under aerobic conditions. It is unlikely that the substarce(s)

are sernsitive to 02 since inhibition 1is still observed in the
aerobic simultarecus assay.



COMPARISON OF 8F+ AND 2CA

Introduction:

Stre tococcus faecium M74 is the bacteria used in the
probiotic SF plus, which is produced by Medipharm (Triple
"F" Products, Des Moines, lows). This organism grows bhest
in BHI broth.

2CA was isolated by our lab from the cecum of a suckling pig
approximately 3—4 wk old. [t 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 anaerohe + +
Bile & acid tolerant +a +b
Genaration time (min)c &9 (BHI) 27 (MRS)
Acid production PH 4.735 (BHI) pH 4.45 (MRS)
ETEC inhibition in_vitrod + +t++

Adnerence to pig epithelial cells

In_vitroep esophagus 49 75
Rars esoph. 11 65
In_vivo esophagus N/D N/D
Rars esoph, N/D N/D
Pravention of ETEC diarrhea ? ?

Eﬂriginally isolated from human i1ntestines.

bDriginally isolated from cecum of 3-4 wk old suckling pig.

CETEC 0157 has a generation of 22 min (BHI).

dSea table.

€Numbers given are average number of bacteria aaghering per
epithelial cell.

N/D = not done.



Results of In Vitro ETEC Inhibition

Tester organism Inhibition Assay Results

2CA Simultaneous (YCL) + (1- 4 mm) Oz, AnD2
Deferred inversion (YCL) + (5-15 mm) Op, AnDa
Defervred CHCl3z (MRS) + (7-21 mm) G2, AnO2

SF+ Simulrvaneous (YCL) + (O mm) AnDz
Deferred inversion (YCL) + (O0— 1 mm) Op, AnO2
Deferred FCHCL3 (BHI) + (2=-15 mm) UOp, AnD2

?

>



PREPARATION OF BACTERIAL CULTURES FOR PAGE COMPARISONS

Gram positive cultures isclated from experimental pigs wers
prepared for electraphoresis as follows:

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

’

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

l

Cell pellets were suspended in 0.15 ml
0.15 M fresh Tris+HCl, pH 7.0 and a spatula tip
of glass beads (®15 pm diam.) was added ta the cell pel let

v
This mixture was vortexed for 4 min. to lyse the cells,
and heated @ S55°C for % min. *

Vv
The mixture was transferred to a microcentrifuge tube
and centrifuged ®1 min. to pellet the glass beads

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

€0 pl sample lysate
S Ml bromphericl blue tracking dye

8-10 pl &0% sucrose

20-40 pl was lcocaded onto the pgel

*These steps help to prevent smearing in the laries; esp. for gram
negative bacterial cultures.



Electrophoresis:

20-40 pl of sample was locaded anto gel (25 tooth comb used)

Rurvi pel for

B2 h m 150-200 V (constant)
(lower voltage = 1

ess smearaing)

Fix gel with 124 trichlorocacetic acid (TCA; careful!!)

for
20 mirv. at room temp.

Stain with 0.08% Coomassie blue in MeOH:AcRAc:dHzO (9:4:18)
for 10 min. at rcom temp.
Destain by diffusion using 10%4 Acetic acid

(staining and destaining times may be ad)justed for better
cantrast)

Reference: Appl. Env. Micro. 39:300-907; Moore et al., 1980.

-



PREPARATION

Recipes:

SAGE

1

SAGE 2

SAGE

SAGE

Rurmivig _ngel :

3

4

SAGE

SAGE

SAGE
dHz0

(I3 I 1 U

OF PAGE GEL FOR ELECTROPHORETIC COMPARISON
OF BACTERIAL CULTURES

36 g TEMED
21.8 g Tris
dissalve in %80 ml dHp0; pH to 8.9 if

necessary; bring volume up tao 120 ml with
dH20

40.0 g acrylamide (careful!!-reurctoxin!)
2.75 g bis—acrylamide (" ")
dissolve in 870 ml dHpO; brivg volume to 100
ml with dHz0
0. 14 g ammonium persul fate

dissolve in 100 ml dHz0

(Y]

6. i
0.

S g acrylamide (careful!!-neucrtoxin!)
Qg bis—acrylamide (" ")

wr

dissolve in %16 ml  dHpQ; bring volume to 25
ml with dHz0

Stacking ngel:

€.0 ml ‘ SAGE 1 1.5 ml
S.1 ml ' SAGE 3 3« O ml
6. 45 ml ) SAGE 4 1.5 ml
&.45 ml

~
Ly

\ kY



DESIRABLE CHARACTERISTICS

Gram positive, catalasae negative

Facultative anaerobe

Bile and acid tolerant

Short generation time (30-60 min.)

Good acid production (pH ( 4.5)

Inhibit & coli in vitrg

Adhere to epithelial cells (in vitrg, in vivo)
Reduce incidence of E. coli diarrhea

BUMMARY OF
180LAT1ON AND SCREENING OF LAB
Initial isolation and screening

gram stain, catalase test, faculatative anaerobes

Grouping and further scraaning

electrophoretic analysis

growth and pH curves (generation time, acio production)
ETEC inhibition assays

adherence assays (in vitro, in yivo)

Challenge trial to determine potential for probiotic uswe



[molation and SBcraeening of LAB for Probiotic Potential

Imolation and initial acreanings

(1)

(2)

(3)

Pick LAB-like colonies from MRS roll tubes (inoculated with
dilutions from pig esophagus, stomach-—pev 3 esophagus, small
intestine, or cecum); transfer to AnDg2 Chopped-Meat Broth
for stock culture

Streak onto Sheep BAP, MRS, BHI, KF Streptococcus, Tomato
Juice, and Bile Esculin Agar (02 and Andp2) ;

Inoculate Oz BHI and MRS brothj;

Incubate 24-72 h at 37°C and observe growth characteristics;
Gram stain (note morphology) ;

Check for catalse acuivity

Those cultures which behave like LAB on the various media,
fan grow aerobicatly (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 (+ 4~6 drops sterile glycerocl) are
frozen and stored in liquid No.

Grouping and further screening of LAB isoclates)

(1)

(2)

(4)

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.

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).

Simultaneous and deferred iﬁhibition assays are performed
using each isolate to determine if that isolate cam inhibit
the growth of ETEC in vitro.

In vitro adherence assays are performed using squamous
epithelial cells scraped from pig esophagus and pars
esophagus. (Thece pigs are given Penicillin V to “"clean
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.

Yo



(3) In vivg adherence assays are performed using pigs “cleaned”
with penicillin, and subsequently fed a LAB isolate. (1)
Tissue samples from the esophagus and Rars esophagus are
thin-sectioned using a eryostat—microtome, gram stained, and
observed using a light microscope (note mornhology of
bacteria). (2) Microniology assays of these sawmples are
pertormed by plating dilutions of the homogenized tissue on
MRS agar. Colonies are electrophoretically compared to the
LAB isolate ftea to the pig to determirne if adgherence
occured.

Challanga trial to determine probiotic potential of LAB isolates:

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 E. coli-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 help indentify recovered
colonies from dilutions of tissue samples. (2) Gram positive
bacteria isolated from penicillin-treated pigs (other than those
bacteria used 1n the studies) shoula be screened for their

probiotic potential (growth curves, ETEC inhibition assays,
etc.). These penicillin-resistant bacteria woula be easy to
follow in challenge trials. It is questionabnle whether the

development of antibiotic-resistant strains or the isolation of
arntibiotic-resistant mutants would be worth our time and effort,
but we should take advantage of those bacteria which are isolated
during the in vivgo adherence studies and appear to be penicllin-
resiscant. :



In vitro Adherence Assay

The ability of LAB to adhere to squamous epithelial cells
may be an important Tactor in determining whether or mnot these
bacteria are able to colonize the Pi1g esophagus or stomach (pars
esophagus). Bacteria which colonize these regions are constantly
shed, thus the small intestineg, cecun, and colon recieve a
continuous supply of these organisms. The ability of certain
beneficial bacteria to colonize this area may prove imporcant in
maintaining the over all health of the animal by preventing
intestinal disturbances caused by pathogenic and opportunistic
bacteria.

Various lactic acida bacteria may be tested for their ability
to adhere to squamous epitheiial cells scraped from the pig
esophagus and Rars esophagus using the following methods.

Day 1: Transfer pig(s) to clean, disinfected cage without feed
Give penicillin water (600U penicillin V/ml Ha0)
for 24 h

Day 2: Sacrifice pig(s):

* pH stomach contents, if possible

* collect vrissue samples from esophagus and pars
esophagus

* scrape epithelial cells for in vitro adherence
assay

* perform microbioclogical 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, ETEC inhibition assays,
aetc.). These penicillin—-resistant bacteria would
be easy to follow in challenge trials.



In vivo Adherence Assay

It is realized that in yitro adherence studies are not
always good indicators for in vivo adherence (Pederson and
Tannock, 1989). Therefore, 1n vivo studies are necessary to show
that an organism can adhere to epitheliial cells in vivo and
possibly colonize the host. The following methods were used to
perform these studies.

Day 1: Transfer pig(s) to clean, disinfected cage without feed
Give penicillin water (600U penicillin V/mnl He0)
for 24 h

Day 2: Feed 10 ml of log phase LAB culture (in MRS) by syringe
Hold feed and H20 for 24 h

Day 3: Sacrifice pigis):

# pH stomach contents, if possible

# collect tissue samples from esophagus, and pars
esophagus.

* perform microbiological determinations by plating
dilutions of homogenized tissue sawmples and
compare electrophoretic patterns of recovered
colonies to LAB test culture

% cection tissue samples using cryostat—microtome,
gram staln and observe sections using light
microscopy for adherence of bacteria to epi-
thelial cells (note morphology of bacteria)

%*%% %*#» This schecule may need to be changed itw#* ik

NOTES: (1) An indirect immunofluorescent assay would be
useful in showing adherence of specific LAB to
epitheiial surfaces of thin—sections.

(2) Gram positive bacteria isolated from penicillin—
treated pigs (other than those which are fed to
the pigs) shoulo be screened for their probiotic
potzntial (growth curves, ETEC inhibition assays,
etc.). These penicillin—reunistant bacteria would
be easy to follow in challenge trials.



Summary of Observations of Clinical Manitestations of Diarrhea in
Suckling Control (5C) pPiglets durirng Medipharm Study (Trials 1,
2, and 3). £4.0 (=), normal, firm stool: 3.0 (+/-), borderlire;

2.0 (+), liquid stoolj; 1.0 (+), watery stool; # = sacrificed)
PIGH -2 ~1 (@) +1‘ +2 43 +4 TOTAL
106—-1 - - - -
104—-2 - - - —%
107-2 - - - - —%
101-7 -~ - - - Ny
107-15 ~ - - - -
125-2 - - - - - -
125-9 - - - -
135-5 - - - - -
126-10 - - - - - -
126-7 - - - —% (2+/—
‘ )
128-5 - - - - - -
135-10 - - - - -
Qo/1g ors12 osig os1gz 0/8 0/3 or1ig

. ;K\';\



Summary of Observations of Cliriacal Manitestations af Diarrnhea 1n
Weanling Control (WC) piglets during Medipharm Study (Trials 1,

2, and 5). 4.0 (=), normal, firm stools 3.0 (+/-), borderline;
2.0 (+), ligquid stoolil; 1.0 (+), watery stool; * = sacrificed]
PIG# -2 -1 6] +1- +2 +3 +4 TOTAL
106-8 -~ - - -
107-7 - - - -t
101-8 - - - - ~%
104-9 - - - - —%
99-10 - - - - -
125-6 - - - —
1¢5-7 - - - - +/-
(3.0 %
135-9 - - - -
135-2 - - - - - -
1¢6-5 - - - - - -
126-3 - - - - - -
128-8 - - - - - -
128-2 - - - - -3
71-9 +/- - - - —%
(3.0)
72-3 - - - - - - -
74-7 - - - - ~%
76—-5 - - - - - —%
77-6 - - - -%
78-6 - - - - - - -
79-3 - - - ~ - - -
0/20 0/20 0/20 0/20 0/135 0/8 0os3 0/20
(1+/-) (L+/-) (B+/-)

Summary of Observations of Clinical Manifestations of Diarrhea in



E coli (WE) piglets during meagipharm Stuagy (Trials 1, &, and 5).

(4.0 (=), rnormal, Firm stooi; 3.0 (+/-), borderiine; 2.0 (+),
liquid stools 1.0 (+), watery stool; *® = sacrificedl
PIGH -2 -1 o +1 - +2 +3 +4 TOTAL
104~-3 - - - +(2.0)
*
96~12 - - - +(2. 0)
*
101-5 - - - +(1.5) +(2.9)
106-3 -~ - - +(2.5) +(2.0)
* ¥
104~4 ~ - - - +(2.0)
*
106-10 - - - - +(2. 0)
107-8 - - - - +(1.39)
125-5 - - - - - -
125-10 - - - - - +(1.95)
135-7 - - - - —%
1262 - - - +(2.0)
*
126-9 - - - - - -
126-8 - - - - +(2.0)
*
128--1 - - - +/-
(3.0)»
128-6 - - - - - +(1. 53)
71-3 - - - +(2.5)
*
71-8 - - - +(2.0) +(2.0) +(2.0) -
77-4 - - - - - +(1.9)

PIG# -2 ~1 (¢ +1 +2 +3 +4 TOTAL



78—-4

75-2

77-3

orae

oszg2

orag

+(zZ.Q)
*

4(1.3)

+(2.9)

11/22

+(1.5)
*

a/16

-

478

0rs3

18/z¢



Sumary of OUbservations of Clinical Manitestations of Drarrhea in
S. faecaum (WM) piglets during Medipharm Study (Trials 1, 2, and

5). 4.0 (=), normal, firm stool; 3.0 (+/-), borderline; 2.0
(+), liquia stoolj; 1.0 (+), watery stools; * = sacrificeal
PIG#H# -2 -1 O +1 +z +3 +4 TOTAL
104—-1 - - - —3
102z-8 - - - —%
106-6 - - - - —~%
107-6 - - - - —%
106—-4 - - - - -
107-4 - - - - -
135-1 - - - - - -
135-6 - - - - - -
126-1 ~ - - - ‘-*
1e6-11 - - - - - -
126-4 - - - - - -
128-3 - - - -
128-4 - - - -~ —%
128-9 - - - -
71-7 - - - - - —%
70—-4 - - - - - ~*
73-4 - - - -
74-8 - ~ - - - - -
754 - - - - - - -
78-3 - - - - - - -
78-9 - - - - —%*
orel orel or21 Ors21 /16 0/9 073 Ors21

Sumary of Observations of Clinical Manitestations of Diarrhea in



S- taecium piglets challenged with €. coli (WME) guring Medipharm
Study (Trials 1, &, and S). 6.2 (=2, rwrmal, firm stool; 3.0
{(+/-), borderline; 2.0 (+), liquid stool; 1.0 (+), watery stool;
* = sacrificedl

P1G# -2 -1 O +1 +2 +3 +4 TOTAL

106-11 -~ - - -
107-10 - - - +(2.0)
*
101-6 - - - - ~%
101-2 - - - - +/-
(3. 0) %
107-3 -~ - - - —%
101-9 - - - - -
106-7 - - - - +(2.9)
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) +(2.9)
73-5 - - - - —%
74~-10 - - - —%

PIGH -2 -1 G +1 += +3 +4 TOTAL



77-1 - - - -

oret Ors21 os21 4721

S5/18
(1+/-)

+(1.90)
*

277

0/3

9rs2t
(1+/-)



Distribution of Escherichia coli in the gastrointestinal tract of
pPrglets during Medipharm Study (frials 1, &, and 5).

‘CFU/g
GROUP PE S c F
sC 2.6 X 103 7.0 X 107 3.1 X 107
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 107
WE <D) 1.3 X 105 4.1 X 106 9.& X 107 1.1 x 108
WE (N) 1.3 X 109 1.8 x 106 6.1 X 107 3.0 X 106
W 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 109 1.7 x 108 1.0 X 108
WME (D) 6.7 X 104 4.1 X 103 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
weH* 5.6 X 103 6.7 X 104 t.eg x 107
WE® 4.9 X 109 5.3 X 105 6.2 X 107
WE (D) * 4.9 X 109 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 1053 1.1 x 108

WME (N) * 1.7 X 105 3.2 X 109 1.1 X 109

o



Distrihution of lactic acid bacteria in the gastrointestinal
tract of piglets during Medipharm Study (lrials 1, &, and S).

GROUP PE S C F
sC 1.5 x 108 3.6 X 109 5.8 X 109
WwC 3.1 X 108 3.7 X 103 2.3 X 109 7.4 X 109
WE 1.3 X 108 2.0 X 108 1.7 x 109 2.1 X 109
WE (D) 1.1 X 108 2.3 x 108 1.7 X 109 2.2 X 109
WE (N) 1.7 X 108 5.0 X 107 1.9 X 109 9.9 x 108
WM 1.5 x 108 1.5 X 108 1.5 x 109 2.8 x 109
WME 1.6 X 108 1.2 X 108 6.3 X 109 2.0 X 1010
WME (B) 1.0 X 107 1.6 x 108 8.8 x 107
WME (D) 4.3 X 107 1.6 X 108 1.8 x 1010 7.2 X 108
WME (N) 2.0 X 108 1.1 %X 108 S.7 X 108 4.7 X 1010

WC* 2.6 X 108 1.1 X 107 S.2 X 108



Distribution of anaerobic bacteria in the gastrointestinal tract
and 3).

of piglets during Medipharm Study (frials 1, 2

GROUP

sC

WwC

WE

WE (D)

WE (N)

WM

WME

WME (B)

WME (D)

WME (N)

PE

108
108
108
108
108

108

CFU/qg

107
108
108
108
107
108

108

109
109
1)9
109
108
109
109
109

109

1010
109
109
109
108
109
109
108
108

109



Presence of F. coli

v Faxperivmental Groups

SC

WC
WME

11

10

b/N4D =no o) Bo)

SF |

Gl Site



log 10 ave. CFU/g

Presence of E. coli

e Experimental Growps

11
10 .
WED)
F

Gl Site



Presence of E. coli

e Faxperimental Groups

WME

WME(B)
WME(D)
NN
WME(N)

o

T

1

O

o 0 N~ © 0 <+ MmN

B/N40 eno o) Bo

PE

Sf3

Gl Site -



log 10 ave. CFU/qg

Presence of FE. coli

o Fxperimental Groups

\

i
10 WE

9 | bz
WE*

S
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Sumary of Ubservations of Clinical Manirestations of Diarrhea 1in

Control piglets (WC) used in studies with lab strain (2CAH)
(Trials 4 and 5). £4.0 (=), normal, firm stool;y 3.0 (+/-),
borderline; Z.0 (+), liquiag stool; 1.0 (+), watery stouolj; = =
sacrificedl
PIGH - -1 V] +1 +c +3 +4 TOTAL
42-5 - - - - - -
69—1 - - - —%
70~-11 - - - - - -
71-8 - - - - *
71-9 +/~- - - - -
(3.0)
72-3 - - - - - - -
74-7 - - - -~ —%
7695 - - - - - -
77-6 - o - —%
78-6 - - - - - - -
79-3 - - - - - - -
0/11 0or11 0o/11 0/11 0rs9 Q/6 /3 0/11
(1+/-) (1+/~)

-

\o



Sumary of OUbservations of Clinical Manitestations of Diarrhea 1in
piglets chailenged with E. colil (WE) oguring studies with lab

strain (2CRH)
borderlines; 2.0
* = sacrificed]

(+/-),

PIG#

71-7

18-11

18-6
71-3

18-5

69—-4
71-6
69-9

71-3

71-8
774

78-4

75-2
77-3

75-7

O/15

0/135

(Trials 4 and S5).
(+),

0715

+1

+/—
(3. 0)

+(2. 0)
*

+(1.0)

+ (2. 0)

+(2.5)
*

+(z2.0)

+(2. 0)
*

+(1.0)
+(2. 9)

8rs135
(1+/-)

£4.0
liquid stool;

(-,

+(1.5)

— %

+(2. O)

+(1.9)
*

3711

rnormal,
1.0 (+),

+(2.0) -

+(1.5)

378 0/3

firm stool: 3.0
watery stool;

TOTAL

9/15
(1+/-)



Sumary of Observations of Clinlcal

Ppiglets receiving lab strain &CA

), normal,

stoonl;
studyl

PIG #

14—4

71-5
18-7
71—-2
70-8

71-10

74—12
75-5
77-2
78-5

794

1.0

0/15

firm stool;

+(2. 0)
*3%

0715

3.0 (+/=),
watery stool;

0714

Marni festations of Diarrhea 1n

(WL) (Tr1als 4 and 5). (4.0 (-~
borderliine; 2.0 (+), liquid
* = sacrificed; #x = deleted from
+1 + +3 +4 TOTAL
- —%
+(1.5) "
* AY
-~ —%
—%
+(2.0) - -
—%
- - —%
- —3
- - —%
us11 0/8 0/3 2714



Summary of UObservations aof Clinical Maritestations of Dia-.~hea

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

Coly
(+/-),

* = cacrificed;

PIG #

70-9

69~7

18—-16

14-12

18-8

PIG #

(WLE)

(Trials
borderlines
%

4 and 9).
. 0

(4.0
(+),
found diseased]

o +1

— af -
(3.0)»

-— +/~-
(3.0)

-— +/-
(3.0)

- —-%

- +(2. Q)

- +(2. 0)

*
0 +1

(-,
liguid stool;

+2

+/—
(3. Q)

-~

* %

+(2.0)
*

-

+(2.5)

+2

normal,
1.0 (+),

firm stools 3.0
watery stool:

+3 +4 TOTAL
* %

—%

+(1.5) -

+3 +4 TOTAL

in



78-8

71-S

/20

0/20

-

e/e0
(3+/-)

2/16 1712
(L+/—) (1%%)
(13%%)

0/3

4/20

(4+/—

(%)

)



Distribution of Escherichia coli 1n the gastrointestinal tract of

piglets during Strain 2CA Study (Trials 4 and 5).
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Distributior ot lactic acid bacteria in the gastrointestinal

tract of piglets during Strain 2CA Study (Trials 4 and S).
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Distribution aof

GROUP

We

WE

WE (B)

WE (D)

WE (N)
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anaerobic bacteria
of piglets during Strain 2CA Study (Mrials 4 and 5).
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Presence of E. coli

In Experimental Groups
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Presence of E. coli

in kExperimental Groups
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Presence of E. coli

in Experimental Groups
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RATIO OF LACTIC RACLD BRALTERLA 1) . LOLD
IN EXPERIMENTAL GROUPS
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Ratio of IAB to E. coli
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