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Summary

This study was designed to test the following hypotheses: 1) That
enterotoxigenic E. coli (ETEC) characteristically colonize mammalian small
intestine by adhering to the epithelial surface; 2) that adhesion is mediated
by certain specific pili; 3) That pili can be used as protective antigens
in vaccines for ETEC. The results documented in the publications listed in
the Chronological Bibliography support all 3 of these hypotheses.

The experimental animal models used in the study were ETEC infections
in neonatal pigs and calves. These models permitted studies on host adapted
ETEC in intact natural hosts. The results will be summarized according to the
3 hypotheses listed above.

1. ETEC Colonize by Adhesion

Earlier work in this laboratory and in others had shown that certain
ETEC which produce K88 type pili, colonize swine intestine by adhesion. Work
documented in Bibliography publications 3, 5, 8, 14, and 18 demonstrates that
this is a general characteristic of ETEC infections. Pig and calf ETEC which
do not produce K88 all consistently colonized by adhesion and loss of adhesive
ability correlated with loss of colonizing ability and virulence.

2., Adhesion is Mediated by Specific Pili

Work done in other laboratories had demonstrated that K88 pili mediate the
adhesion of some ETEC to swine intestine. Work documented in Bibliography
publications 4, 6, 7, 12, 14, and 18 demonstrates that pili of types 987P
and K99 mediate adhesiog of ETEC which produce them. 987P ETEC adhere to
swine intestine and K99 ETEC adhere to swine, cattle, and sheep intestine.
Pili convey some of the species specificity which is characteristic of ETEC.
Species specificity is not absolute in that K99 ETEC colonize swine, cattle,
sheep, and mice (Bibliography publication 17). Publication 12 also documents
the specificity of the receptor - pilus interactions with intestinal epithelium
and demonstrates that intestinal epithelium from a single individual has
specific receptors for at least 3 different types of pili. Publications & and
18 demonstrate that some types of pili are produced more readily in vivo than
in vitro. Publication 18 demonstrates that most (> 90%) of the ETEC which
currently affect neonatal swine in the US produce 1 of 3 antigen types of
pili, but that there are ETEC which are virulent for swine but which don't
produce any of these 3 pili.

3. Pili are Protective Antigens

Work documented in Bibliography publications 9, 11, 12, 13, 15, 16, and
19 demonstrate that purified pili can be used as protective antigens in
parenteral vaccines for ETEC infections in suckling neonates, or as living
orally administered vaccines in the same system. This approach provides a
way around the limitation to anti-enterotoxin immunity presented by the
existence of non-antigenic heat-stable types of enterotoxin. Preliminary
efforts to protect by oral vaccination with pili in a killed vaccine were
not successful (publication 19).
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4. Contributions Not Directly Related to the Major Objectives of the Study

Bibliography publications 1 and 2 demonstrate that mitomycin C enhances
the production of heat-labtile enterotoxin in vitro.

Publication 3 demonstrates that the capsules of some, but not all, ETEC
are necessary for intestinal colinization and virulence.

Publications 10 and 17 demonstrate that intestinal transit of infant
mice accelerates with age and ambient temperature and that these vuriables
effect enterotoxin assays and studies on bacterial colonization in infant
mice. A simplification of the infant mouse assay for ST based on these
observations is presented (publication 10).

5. Manuscript Not Yet Published

Publication 19 has been submitted for publication. A copy of that
manuscript is included in the body of this report.

Foreword

In conducting the research described in this report, the investigators
adhered to the "Guide for Laboratory Animal Facilities and Care," as
promulgated Dy the Committee on the Guide for Laboratory Animal, Resources,
Natiocnal Academy of Sciences - National Research Council.
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Protection Against Enteric Colibacillosis in Pigs

Suckling Orally Vaccinated Dams:

Evidence for Pili as Protective Antigens

.
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SUMMARY

Pregnant gilts were vaccinated orally with Escherichia coli that

produce pilus antigens K99 or 987P. The vaccines were live or dead

enterotoxigenic E. coli (ETEC) or a live rough non-ETEC strain which
has little ability to colonize pig intestine. Pigs born to the gilts
were challenged orally with K99+ or 987P+ ETEC, which did ﬁot produce

heat-labile enterotoxin or flagellae and which produced somatic and

. capsular antigens different from those of the vaccine strains.

: Coﬂtfol gilts had low titers of serum and colostral antibodies
against pilus antigens, and their suckling pigs developed a high inci-
dence of fatal diarrhea after challenge. Serum a;tibody titers against
pilus antigens of the vaccine strains increased after vaécination with
live ETEC, and tﬁe colostral antibody titers of these gilts were higher
than those of controls. Pigs suckling such gilts were more resistant
tha; controls to challenge by ETEC of the homologous pilus type. This

resistance was not attained when vaccine and challenge strains were of

different pilus types, and it could not be attributed to enterotoxin

~ mneutralization by colostrum. In contrast to the live ETEC vaccines, the

‘1ive rough non-ETEC and dead ETEC vaccines stimulated little or no

production of antibody against pili, and pigs in these vaccine groups
remained highly susceptible to challenge. T

The results support the hypothesis that pili can be protective
antigens in oral ETEC vaccines. It was suggested that in the system
reported, protection depended on living bacteria ifor the production of

pilus antigens in vivo or for the transport of pilus antigens across

intestinal epithelium.
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Pili or fimbriae are minute, proteinacious, filamentous appendages
that are produced by a variety of bacteria. Certain types of pili pro-

duced by enterotoxigenic Escherichia coli (ETEC) mediate adhesion to '

epithelium and facilitate colonization of the small intestine of mammalian
hosts by ETEC.1 Three antigen types of pili, designated K88, K99, and
987P, have been implicated in colonization of the small intestine of
‘newborn pigs by ETEC. K99 pili also facilitate intestinal colonization
in calves and lambs. Suckling pigs,2—4 calves,5 and 1am§56 yhose dams
had been vaccinated parenterally with purified cell-free preparations
of pili were brotected against fatal diarrheal disease caused by ETEC
bearing pili homologous to those in the vaccines: In the above experi-~
mentsz-6 although ETEC were recovered from the immune sucklings, pro-
tection correlated with impaired colonization (redﬁced nunbers and
adhésion) of the small intestine by the ETEC.

.Ptegnant swine that were fed live FTEC for 3 days subsequently
protected their suckling pigs against challenge with the strains of ETEC
fed to the dams.7 Protection correlated with impaired colonization of
the small intestine by the ETﬁC. These observations have been the basis
for use of live oral ETEC vaccinés in the field.g The applied program
depends on the use of strains of ETEC that are autogenous to the herd in
question, and the protective antigens involved are not knovn..

In addition to local passive lactogenic immunity as described
above.2-7 live ETEC can induce active intestinal immunity. Human volunteers
challenged orally with ETEC were immune to subsequent challenge by the same
strain but susceptible to a challenge by a heterologous strain of ETEC.9
The protective antigens involved Gre not knewn. They appear to act inde-
penden;ly of bactericidal antibodies and antibodies agains enterotoxin

or somatic ani.igen.
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Some ETEC produce pili in the intestine more readily than they do

3,10

in vitro. Furthermore, people with diarrhea caused by ETEC produced

antibodies against the pili of the infecting strains.11 The objective of

-

) ) the work reported here was to test the hypothesis that pilus antigens can
be protective by way of oral vaccination with ETEC. The tests of the hypo-
thesis involved vaccination of pregnant swine. Thelr sucklings were sub-

sequently challenged by ETEC that were heterologous to, but of the same

pilus type as, the vaccine strains. .

‘Materials and Methods

Animals - Forty-nine crossbred swine (gilts) from 2 herds were moved

F to the National Animal Disease Center 6 weeks before their anticipated
‘fa;towing dates. They were confined in individual isolation rooms for
~ ' the last 2-4 weeks of gestation. These gilts and 356 pigs‘subsequently
'§ born to them were the subjects of this study.

E. coli - The strains used and some of their characteristics are
listed (Table 1). Strains that produced K99 or 987P pili and heat-stable

(ST) but not heat-labile (LT) enterotoxin were selected to avoid anti-

13

toxic immunity12 and hereditary resistance to colonization by K88+ ETEC.

Cultures were grown aerobically in broth? (16 hrs at 37°C). ;

N A

Vaccination - Two weeks before their anticipated farrowihg dates,

3 ' gilts were fasted for 24 hrs and then fed cultures or broth mixed with
1.4 kg of feed, on each of 3 successive days. Gilts were vaccinated

’ ’ (principals) by feeding each of them 200 ml of fresh broth culture/day

11

Qo™ E. coli/day).7 ' .

[ —

aTrypticase Soy Broth-~BBL, Becton, Dickinson & Co., Cockeysville, MD.
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Bacteria in two vaccines were killed (dead vaccines) by adding formalin
(to 0.5% by volume) and incubating at 37°C for 4 hrs. Killed cells were
| -

' added to bring one of the dead vaccines up to 1013 E. coli/gilt/day.

These additional cells were obtained by centrifugation of cultures

produced as usual. Control gilts. (non-vaccinated) were fed 200 ml of

sterile broth/day. .

Serology - Blood samples were taken from gilts 4 days before they
were vaccinated and again iO days after the last day of Qaccination.
{A Colostrum samples were taken from the'gilts on the day they f;rrowed. |
Blood serum and colostral whey were stored frozen and subsequently

-,

 : tested for antibodies against K99 or 987P. Some samples were tested for

s

antibodies against LT and ST enterotoxins. All samples to be tested

EPhgbel /g

’ -

were encoded by persons other than those who conducted the tests. After

the tests had been completed, samples were decoded to identify gilt

i e

number, vaccination record, sample type and date.

Titers of K99 antibody were determined by an enzyme linked immuno-

14 The K99 antigen for the assay was prepared15

S-SR

sorbent assay (ELISA).

¥ - . from E. coli strain Troyer (Table 1). Standard K99 antiserum prepared

against E. coli strain K12(K99+) and absorbed as previously reported16

PEX NI A 4

was conjugated to alkaline phosphatase and used as the indicator anti-
serum. Antibody titers were recorded as the reciprocal of the highest
dilution of serum or whey that blocked detectable binding of the indi-

cator antiserum to the antigen (blocking assay).14

Titers of 987F antibody were determined by a bacterial agglutination

Py

T

technique (tube system) as descrdbed for titrating antibody against
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K antigens of E. coli.17

E. coli strain 987 in the piliated phase was
psed to prepare P+ antigen; and the encapsulated but non-~piliated mutant
(1362 of straih 987 was used go prepare P antigen.18 Neither of these
antigens was agglutinated by antiserum containing 09 antibodies. The
positive control serum was the monospeéific 987P antiserum prepared and
absorbed as previously reported.3 This serum agglutinated the P+ but

not Fhe P anﬁigen. None of the samples from gilts agglutinated the P
antigen at dilutions of 1:10 or higher. The reciprocal éf the highest
dilution of serum or whey which cause& detectable agglutination of the P+
antigen was recorded as the titer of 987P antibody. The adrenal cell

.

culture assay was used to test for neutralizing antibodies against LT

enterotoxin.19 The infant mouse assay and ST produced by E. coli strain

431 were used to test for neutralization of ST entérotoxin.20 Crude ST
was ﬁixed (1:1) with samples of whey or saline and incubated at 37°C for
1 hr and then tested in infant mice (at the effective dose 50 for un-
neutralized ST).

Challenge Inoculation - Newborn pigs (0-7 hrs old) were identified

individually by ear notches, weighed, and then challenged before they
suckled. Each pig was inoculated with 109 viable E. coli of strain 987 or

1010

viable E. coli of strain 431 (Table 1). These strains do not produce
flagellae and the experiments were designed (T;Lles 2 and 3) so that they
were of different somatic and capsular antigen types than the vaccine
strains. These inocula were prepared in advance as previously reported2

and stored at -70°C in 10% glycerol until used. The inoculum for each

plg was suspended in 20 ml of broth and given by gavage. All pigs in a

litter were given the same strain and were allowed to suckle at will
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| immediately after inoculation. Pigs that were small (<800 gms) or weak or
- that suckled before inoculation were removed when first observed and were

--deleted from the experiments.

Clinical Observations - Gilts were examined for diarrhea 1 day after

" each vaccine feeding. Suckling pigs were examined once a day, starting

16-24 hrs after inoculation, for 5 days after inoculation. The incidence

e AL

of diarrhea, deaths due to diarrhea (diarrhea, dehydration, loss > 10% of

oo
D

Y

initial body weight) And the weight gain of survivors were recorded.

Résults - -7

A

- €Clinical Response of Gilts - All gilts ate the feed-vaccine mixtures

- given to them. None of the gilts developed diarrhea at any time during

R AP

. the experiments.
f : '-. Serology - There were low titers of K99 and 987P antibodies in serum
f{ ' - and colostrum of control gilts and in serum taken from principal gilts '
,1 before vaccination (Tables 2 and 3).
Serum K99 antibody titers of gilts vaccinated with live Troyer strain
increased after vaccination (Table 2). Titers of K99 antibody in colostrum

from the gilts were higher than those in serum from the same individuals

e rw G

[

and markedly higher than those in colostrum from controls. Titers of K99

antibody in serum and colostrum from gilts vaccinated with dead Troyer

-y

strain were similar to those from controls, even when the dose of bacteria
was increased 100-fold. The K99 antibody titers in serum and colostrum

from gilts vaccinated with ligs_Klz strain tended to be greater than titers

:

i
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i §
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{ 'i. in controls but less than titers in gilts vaccinated with live Troyer strain.
|
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Vaccination with live 74-5208 strain induced antibodies against 987P

in serum and colostrum (Table 3). Titers of 987P antibody were higher

in serum 2 and colostrum of gilts vaccinated with strain 74-5208 than in
controls or gilts vaccinated with strain 431. Titers of 987P antibody

in colostrum were greater than those in serum from the same individuals.

Colostrum samples from 27 gilts were tested for neutralizing anti-

body against ST and LT. None of the 27 samples of colostral whey con-

“____[.lx‘_ s a

tained ST neutralizing antibody. The reciprocal geometric mean LT

y -

‘neutralizing titers of these 27 samples (vaccine group:titer/no. of B

gilts tested) were as follows: Control:70/9, 7415208:12/10, live Troyer:10/4

M S,/

LA
[ WA

and K12:18/4.

Response to Challenge with Strain 431 - The incidence of fatal

., i

'j ‘diarrhea was high in pigs in the control group (Table 2). Thos-~ that
survived gained little or no weight, and some still had diarrhea 5 days

after inoculation. . 1

Pigs in the live Troyer vaccine group had lower incidences of

diarrhea and death, had diarrhea of shorter duration and more weight

S FORL W AN

— .

"gain among survivors than did controls (Table 2), Incidences of fatal

diarrhea were high in the dead Troyer and K12 vaccine groups (Table 2).

BNy i AR

The incidence of death was somewhat lower in the 74-5208 group than in i
controls, but the incidence and duration of diarrhea and weight gain of #
A

survivors in this group were similar to that in controls.
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Response to Challenge with Strain 987 ~ The incidence of fatal diarrhea

was high in pigs in the control group. The incidences of diarrhea and

death were lower, the duration of diarrhea was shorter, and weight gains

were higher in pigs in the 74-5208 group than in controls (Table 3). Pigs

in the 431 vaccine group responded nearly as severely as the controls did.

Discussion

Gilts vaccinated orally with live ETEC produced colostral antibodies
against pilus antigens of the vaccine strains. Pigs suckling such gilts
were more resistant than controls to challenge w;th ETEC that were heter-

ologous to, but of the same pilus type as, the vaccine strains. These

. results support the hypothesis that pilus antigens can be protective anti-

gens in oral vaccines against ETEC infections.. It is unlikely that vaccine
induced protection (live Troyer, Table 2 and live 74-5208, Table 3) was due
to antitoxic immunity. The strains used for vaccine and challenge produce

ST but not LT, and ST is considered to be non-antigenic and not neutralizable
by LT antitoxin.12 Colostrum from gilts in the protected group did not
contain ST neutralizing activity; and LT antitoxin titers of these samples
were not higher than those of controls. Furthermore, this protection was
not duplicated by vaccinating with ETEC that were completely.heterologous

to the challenge strains (live 74-5208, Table 2 and live 431, Table 3). The

somevhat lower incidences of death in these 2 groups than in controls is

probably more an indication of the variability of the system than of

. vaccine induced, non-specific immunity.
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Presumably, the immune response and protection reported here depended
upon pilus antigens produced in vivo. Dead Troyer vaccine was ineffective

even at the 1013 dose. The live K12 strain vaccine was also ineffective.

‘tkpwever. this rough laboratory strain is poorly suited for survival ;g_gigg?l
and colonizes pig small intestine poorly in spite of carrying K99 antigen.
Peyer's patches have a mechanism for the enhanced uptake and transport of
macromoleculés from the intestinal lumen and are éne site where orally

22~24 There

administered antigens contact and activate the immune syécem.
18 evidence that stimulation of the sécretory immune system by some bacteria
'depeﬂds on their ability to leave the intestinal lumen and to multiply and
persist in Peyer's patches.25 Such a dependencylcould explain why the dead
Troyer and K12 vaccines were ineffective. It is conceiQable that a few of
" the bacteria from the live Troyer and 74-5208 vaccines entered, multiplied,
andApersisted iﬁ Peyer's patches even though ETEC have little invasive .
ability and are mostly confined to the intestinal lumen.

In contras£ to the results with pili reported here, some orally
administered dead $acterial antigegs can stimulate the secretory immune
system in some circumstances,26-28 and a dead oral vaccine can protect against

‘hTEC infections in swine.29 From the standpoint.of vaccine development,
effective dead preparations would be useful to have. Compargtive studies
o; the location of pilus antigens and bacteria after oral Qaccination with

1live and dead ETEC would contribute to the understanding of immunity to

enteric infections.

)




L aRie g Nashattans 40 da dbes

*£103B10QWT °Y3 UT uotIvTadyuwvm £q peonpoxjut pruseyd mm&«

) *uUTX030193ud
9TFqeT 389y onpoad jou s30p Inq ‘Aessw 9snow JuBIUT £q ITGEIDVIIP UTX03I0193UD 2TqeIs JedY §90npoag

. N .

nwa«uoalcoz«
) 4 . 1s 814 | SN d.86 ToTX 0z0 80TS-9L
z IS . 314 | RN d.86 130001 60 L86 .
. o€ auoN «huoumuopun 3 664 - © ySnoy rAY. W
9Tt is 374 R 66X sex 60 13ko0ay .
91 418 814 N 661 oex 1010 ey
. noouowouvm UFX030193uy 20anog avTTo3eTd sNI}d aeinsde) OF3rwmog ujeals - !

suadriuy

posQ sUFRIIg T10° °F FO @DFISTI9dwvABY) - [ FTIIVI .

o o em -

1




*G Aep o3 paalaans eyl osoyl £q 3ySytem Lpoq TPIITUT woxy 23ueyd ¥ amozwH

*uoy3euUTIORA I933e sfep (Z'€T ueaw) G1-9 d3uarTeyd pue SuyMozaey JO AEBp SY3I UO PIIDITTOD SEM WNIISOTOD PUB UOFILUTIOTA
I3338 sAep QT Pa3dATTOd Ses 7 UNIIS ‘UOFIBUTIOBA 91033q sABP ¢ P23ID9TT0d sem T unias ‘sTed0xdfdal jo sueam u«uumaouo+

.mhmv € 103 Aep/YT0° Y peap 10 IATT

naoﬁ 20 aaou 2I9m uocﬁuow>«
4 ¥4 . T2 96 4 [4 T - 97 S dL86 AHoH|o>«A 80ZS-9L
6T 89 0 : 00T LTI 81 T 14 V4 661 Haoanm>aa A |
€= 98 vy 86 9 (4 T 19 S 663 ¢10T-Pe2C a3koay
8T 6€ A 86 2 R Yy S 663 10T-PE2a 13k01]
L one 6 0 %9 €L0€ €z 1 Ly 9 663 17012471 13f01y,
.Y 0s 81 86 8 1 T 99 9 QUON Yioxq 3TFIAIS Toajuo)
_m«wwcwno ¢-1 Lep ¢ Leq 1 4eq unIISOTo) r4 T _ s314a S3ITTO _ SNT¥d alelg uyrexlsg
A 3y3tapM Yyaeaq .
* eay1aerq umaIag Jo *oN .
1" > N
” (2) s8yd jo ssuodsay +hvonﬁu=m 661 *uc«uum>

(663 uaBFauy SNTTJ £90npoIg YOTYM) TEY UTBIIS FI09 3 YITa a8uaTrey) o3 s37g Suppidng

2y3Yl 3o asuodsay pue F10o °H YITA AT[BI0 PIIBUTIOBA SITTH WOIJ WNIISOTO) PUP LNISS JO SIIITL APOqIIUV 661 =- Z FIAVL

1

EEOIUI. - PP AT Y ROy . GRS P e d i




sainna

o i b oA N

et e i Nl M B e

*¢ Kep 03 paafaxng 3eyl dsoyl £q y3yom Lpoq [EFIFUT woiy o3ueyd 3 awoxw.

"y

> a T = ST

*UOTIBUTIORA 1333® SAwp (Z°EI uesm) GT-9 IBuUGTTEBYS pue SuymoiIey 3JO LEp BY3I UO PIIDITTOD SEM WNIISOTOD PUP UOTIBLULIOLA
1333®8 sfep QI PIIDSTIOD SeM T WNII8 ‘UOTIBUTOOBA 31039q SAEp § PIIdO3[Tod Sem T wnids ‘sTed01dyoax jo sueaw oF133W039

*sfep ¢ 103 Lep/TT09 °T AT aaoﬁ 3I3M SIUTIOEBA
¥

8T 9¢ 6S 6 8% L [4 sz kK 661 Haoﬁ|o>«a - T1eY
6% 9 0 1% 6L%1 [4:] S 3 129 L aL86 ﬁﬁ0ﬂ|a>«a 80T6-%¢
€T €L _ LS £8 ot I 1 r49 L QUON Yloaq aTyaalg Tox3u0)
a3ueyd G~T1 Lep ¢ Leg T Leq uni3soyo) F4 s314d S3119 snNTId ajeas uyexig
IY319M y3eaq
, eayIIRYq uniag 30 “oN .
(%) s31d 30 ssuodsay +hvonﬁu=m d.86 ¢o=«uum>

(4186 uRBTIuy SNTTJ SOONPolg UDTUM) [86 UTeIIS 100 T YITA

27941 jo 9suodsay pue FLOd °

¢

q Yara ATTEI0 PRIRUTOOR SITTH WOIJ WNIISOTOD PUR WMIAS JO S193FL LPOoqFIUV d4/86

.awdoﬂﬁmzo 03 8313 8SuImIONng

- € 319Vl

-é

STECEE N R L




S0 ot o ¥

P W

e et et by

)

References . ' 16

1. . Moon HW, Isaacson RE, Pohlenz J: Mechanisms of association of

enteropathogenic Escherichia coli with intestinal epithelium. Am J Clin
Nutr 32:119-127, 1979.
2. Morgan RL, Isaacson RE, Moon HW, et al: Immunization of suckling

pigs against enterotoxigenic Escherichia coli-induced diarrheal disease

by vaccinating dams with purified 987 or K99'pili: Protection correlates
with pilus homology of vaccine and challenge. Infect Immun 22:771-777, 1978.
3. Nagy B, Moon HW, Isaacson RE} Colonization of porcine intestine

by enterotoxigenic Escherichia coli: Selection of piliated forms in vivo,

adhesion of piliated forms to epithelial cells in vitro, and incidence of

a pilus antigen among porcine enteropathogenic g; coli. Infect Immun 16:

" 344-352, 1977.

- 4. Rutter JM, Joﬁes GW: Protection against enteric disease caused

by Escherichia coli - a model for vaccination with a virulence determinant?

Nature 242:531-532, 1973.

5. Acres SD, Isaacson RE, Babiuk LA, et al: Immunization of calves

. égainst enterotoxigenic colibacillosis by vaccinating dams with purified

K99 antigen and whole cell bacterins. Infect Immun 25:121-126, 1979.
6. Sojka WJ, Wray C, Morris JA: Passive protection of lambs against
experimental enteric colibacillosis by colostral transfer of antibodies

from K99 vaccinated ewes. J Med Microbiol 11:493-499, 1978.

7. Kohler EM, Cross RF, Bohl EH: Protection against neonatal enteric

colibacillosis in pigs suckling orally vaccinated sows. Am J Vet Res 36:

7157-764, 1975,

[P




I Sl ol s 5 o R il et R AN

SN e iR

- e e 0 o sl o

P

*s

. : , , 17

8. Kohler EM: Results of 1976 field trials with oral Escherichia coli

vaccination of sows. Vet Med Sm An Clin 73:352-356, 1978.

——— ety —— —

9. Levine MM, Nalin DR, Hoover DL, et al: Immunity to enterotoxigenic

Escherichia coli. Infect Immun 23:729-736, 1979.

10. Moon HW, Kohler EM, Schneider RA, et al: Prevalence of pilus
antigens, enterotoxin types, and enteropathogenicity among K88 negative

enterotoxigenic Escherichia coli from neonatal pigs. Infect Immun 27:222-230,

1980. -

| 11. Deetz TR, Evans DJ, Evans DG, et al: Serologic responses to
soﬁétic 0 and colonization-factor antigens of enterotoxigenic Escherichia
coll in travelers. J Infect Dis 140:114-118, 1979.
12. Smith HW, Gyles CL: The relationship between two apparently

different enterotoxins produced by enteropathogenic strains of Escherichia

coll of porcine origin. J Med Microbiol 3:387-401, 1970.
13. Sellwood R, Gibbons RA, Jones GW, et al: Adhesion of entero-

pathogenic Escherichia coli to pig intestinal brush borders: The existence

of two pig phenotypes. J Med Microbiol 8:405-411, 1975.

14. Ellens DJ, Deleeuw PW, Rozemond H: The K99 antigen of Escherichia

coli: Application of enzyme linked immunosorbent assay (Elisa) for

detection of the antigen in calf faeces and for titration of specific

antibody. Proc. 2nd Int Symp Neonatal Diarrhea, Vet Infect Dis Org, Univ .
of Sask 57-74, 1978. .{_ .-
15. 1Isaacson RE: K99 surface antigen of Escherichia coli: Purifi-~ \

cation and partial characterization. Infect Immun 15:272-279, 1977.

P A TR P

e mmermae ca————-




16. Moon HW, Nagy B, Isaacson RE, et al: Occurrence of K99 antigen

on Escherichia coli isolated from pigs and colonization of pig ileum by
x99t enterotoxigenic E. coli from calves and pigs. Infect Immun 15:
614-620, 1977. - _

17. Edwards PR, Ewing WH: Identification of enterobactelaceae.
Mingeapolis, Burgess Publishing Co., 1972.

18. 1Isaacson RE, Nagy B, Moon HW: Colonization of porcine small

intestine by Escherichia coli: Colonization and adhesion factors of pig

enteropathogens that lack K88. J Infect Dis 135:531-539, 1977.

.19, Whipp SC, Donta ST: Serum antibody to Escherichia coli heat-

labile enterotoxin in cattle and swine. Am J Vet Res 37:905-906, 1976.
20. Moon‘Hw, Fung PY, Whipp SC, et al: Effects 6f age and ambient

teﬁﬁerature on the response of infant mice to heat-stable enterotoxin of

Escherichia coli: Assay modifications. Infect Immun 20:36-39, 1978.

21l. Smith HW: 1Is it safe to use Escherichia coli K12 in recombinant

DNA experiments? J Infect Dis 137:655-660, 1978.

- 22, Chp RM, Glock RD, Ross RF: Gut-associlated lymphoid tissues of

young swine with emphasis on dome epithelium of aggregated lymph nodules

(Peyer's patches) of the small intestine. Am J Vet Res 40:1720-1728, 1979.
23. Keren DF, Holt PS, Collins HH, et al: The role of Peyer's patches

in the local immune response of rabbit ileum to live bacteria. J Immunol

120:1892-1896, 1978.

24, Owen RL: Sequential uptake of horseradish peroxidase by lymphoid

follicle epithelium of Peyer's patches in the normal unobstructed mouse

intestine: An ultrastructural study. Gastroenterology 72:440-451, 1977.




25, Hohmann A, Schmidt G, Rowley D: Intestinal and serum antibody

résponses in mice after oral immunization with Salmonella, Escherichia

coli, and Salmonella-Escherichia coli hybrid strains. Infect Immun

- 25:27-33, 1979.

26. Freter R, G&ngarosa EJ: Oral immunization and production of
corpro-antibody in human volunteers. J Immunol 91:724-729, 1963.

27. Moreau MC, Ducluzeau R, Guy-Grand D: Increase in the population
of duodenal immunoglobulin A plasmocytes in axenic miceAassociated with
different living or dead bacterial strains of intestinal origin. Infect
Tmmun 21:532-539, 1978. | ;-

28. Pierce NF, Gowans JL: Cellular kinetics of the intestinal

" immune response to cholera toxoid in rats. J Exp Med 142:1550-1563, 1975.

29. Porter P, Kenworthy R, Allen WD: Effect of oral immunization
with E. coli antigens on post weaning enteric infection in the young pig.
Vet Rec 95:99-104, 1974.

30. Smith HW, Linggood MA: Further observations on Escherichia coli

enterotoxins with particular regard to those produced by atypical piglet
strains and by calf and lamb strains: The transmissible nature of these
enterotoxins and of a K antigen possessed by calf and lamb strains. J

Med Microbiol 5:243-250, 1972.

W et araytop s Se gmn

e ar o——— —




Chronological Bibliography

1.

10.

11.

12.

RE Isaacson, HW Moon, SC Whipp: Induction of enterotoxin synthesis
in enterotoxigenic Escherichia coli by mitomycin C. Proc 1lth
US-Japan Cholera Conf, New Orleans, Lousiana, 1975 pp 286-296

RE Isaacson, HW Moon: Induction of heat-labile enterotoxin synthesis
in enterotoxigenic Escherichia coli by mitomycin C. Infect Tmmun.
12:1271-1275, 1975

B Nagy, HW Moon, RE Isaacson: Colonization of porcine small intestine
by Escherichia coli: ileal colonization and adhesion by pig entero-
pathogens that lack K88 antigen and by some acapsular mutants. Infect
Immun 13:1214-1220, 1976

RE Isaacson: K99 surface antigen of Escherichia coli: purification
and partial characterization. Infect Immun 15:272-279, 1977

HW Moon, B Nagy, RE Isaacson, I @rskov: Occurrence of K99 antigen on
Escherichia coli isolated from pigs and colonization of pig ileum by
K99+ enterotoxigenic E. coli from calves and pigs. Infect Immun 15:
614-620, 1977

B Nagy, HW Moon, RE Isaacson: Colonization of porcine intestine by
enterotoxigenic Escherichia coli: selection of piliated forms in vivo,
adhesion -of piliated forms to epithelial cells in vitxo, and incidence
of a pilus antigen among porcine enteropathogenic E. coli. Infect
Immun 16:344-352, 1977

RE Isaacson, B Nagy, HW Moon: Colonization of porcine small intestine
by Escherichia coli: colonization and adhesion factors of pig entero-
pathogens that lack K88. J Infect Dis 135:531-539, 1977

HW Moon, B Nagy, RE Isaacson: Intestinal colonization and adhesion

by enterotoxigenic Escherichia coli: Ultrastructural observations

on adherence to ileal epithelium of the pig. J Infect Dis 136:5S124-S129,
1977

RE Isaacson, RL Morgan, HW Moon, CC Brinton: Immunization against
entertoxigenic Escherichia coli infection by vaccination with purified
pili. Proc 13th US-Japan Cholera Conf, Atlanta, Georgia 1977, p 285-293

HW Moon, PY Fung, SC Whipp, RE Isaacson: Effects of age and ambient
temperature on the response of infant mice to heat-stable enterotoxin
of Escherichia coli: assay modifications. Infect Immun 20:36-39, 1

1978

B Nagy, HW Moon, RE Isaacson, CC To, CC Brinton: Immunization of
suckling pigs against enteric enterotoxigenic Escherichia coli infection
by vaccinating dams with purified pili. Infect Immun 21:269-274, 1978

RE Isaacson, PC Fusco, CC Brinton, HW Moon: In vitro adhesion of
Escherichia coli to porcine small intestinal epithelial cells: pili
as adhesive factors. Infect Immun 2]1:392-397, 1978




13. HW Moon, RE Isaacson: Immunization against enterotoxigenic Escherichia
coli: response of piglets suckling dams given live piliated or non-
piliated Escherichia coli vaccines orally. Proc l4th US-Japan Cholera

Conference, Karatsu, Japan, 1978, pp 90-93

k. |
3 14, RE Isaacson, HW Moon, RA Schneider: Distribution and virulence of
3 Escherichia coli in the small intestines of calves with and without
A diarrhea. Am J Vet Res 39:1750-1755, 1978
.

15. RE Isaacson: K99 surface antigen of Escherichia coli: antigenic
F characterization. Infect Immun 22:555-559, 1978

16. RL Morgan, RE Isaacson, HW Moon, CC Brinton: Immunization of suckling
pigs against enterotoxigenic Escherichia coli-induced diarrheal disease
by vaccinating dams with purified 987 or K99 pili: protection correlates
with pilus homology of vaccine and challenge. Infect Immun 22:771-777,
1978

Al

- i

,;‘v

‘{ 17. HW Moon, PY Fung, RE Isaacson, FD Booth: Effects of age, ambient
temperature, and heat stable Escherichia coli enterotoxin on intestinal
transit in infant mice. Infect Immun 25:127-132, 1979

e

I W

18. HW Moon, EM Kohler, RA Schneider, SC Whipp: Prevalence of pilus antigens,
enterotoxin types, and enteropathogenicity among K88- negative entero-
toxigenic Escherichia coli from neonatal pigs. Infect Immun 27:222-230,

g 1980

. 19. HW Moon: Protection against enteric colibacillosis in pigs suckling
orally vaccinated dams: evidence for pili as protective antigens. Am
J Vet Res (submitted 1980)

2 Personnel Receiving Contract Support

] Name Dates Graduate Degree Received
; B Nagy 1974-1976 Ph.D., University of
o Vet. Science, Budapest,
N Hungary, 1978
G Witmer 1974-1976 none
n R Schneider 1976-1978 none
3 PY Fung 1977-1979 none
} P Sunday 1976-1979 none
% :




Pt

[ NP AUy

2%

o
K Al

4.

T

[ S S

!
!
:
‘?
3
i
i
i
[
!

12

12

Copies

Copies

Copies

Copy

Copy

DISTRIBUTION LIST

Director (ATTN: SGRD-UWZ-C)

Walter Reed Army Institute of Research
Walter Reed Army Medical Center
Washington, DC 20012

USAMRDC (SGRD-RMS)
Fort Detrick
Frederick, MD 21701

Defense Technical Information Center (DTIC)
ATTN: DTIC-DDA

Cameron Station

Alexandria, VA 22314

Dean

School of Medicine

Uniformed Services University
of the Health Sciences

4301 Jones Bridge Road
Bethesda, MD 20014

Commandant
Academy of Health Sciences, US Army

ATTN: AHS-CDM
Fort Sam Houston, TX 78234

[ oA mm——p——

s




