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SUMMARY

The bacteriological examination of 126 urine
samples from horses with urinary tract infection
revealed the isolation of £ coli from 76 cases
(60.3%), Streptococcus spp. 14 cases (11.1%);
Klebsiella spp. 12 cases (9.5%); Proteus spp. 11
cases (8.7%Y); Staphylosoccus spp. 7 cases (5.6%)
Corvnebacterium 3 cases (2.3%) and 3 cases were
bacteriotogically negative (2.3%). The incidence
of £ coli isolation from mares was higher
{63.9%) than stallions (55.6%). Three E. coli sc-
rogroups identified O:16, (26
20.6%), O:2, (20 isolates 15.9%), and O:6 (16 iso-
lates 12.7%). The SDS-PAGE analysis of the pur-

were 1solates

ified pili preparations from each serogroup re-
vealed one distinct protein band 20.1kDa for
serogroup O:16 and O:6, whereas a 16.6kDa band

for the serogroup O:2.
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The hemagglutination activity of E. coli isolates
to the different erythrocyte types was similar to
their corresponding purified pili preparations. The
cffect of D-mannose on the hemagglutination of
different erythrocytes revealed two types of hem-
agglutination, the mannose sensitive (pili type 1)
and the mannose resistant hemagglutination (pili

Lype 11).

In the in-vitro adherence test of E. coli isolates to
urinary tract epithelial cells (UTEQC), all £ coli
isolates were highly adherent, especially the iso-
lutes of the serogroup O:16. In the adhesion inhi-
bition test using the homologus antipili antisera.
the number of £. coli adhered to UTEC  was sig-
nificantly (P<0.01) reduce, whercas the hetrolo-
gus antibodies could reduce the adhesion in case
of isolates of the serogroup O:16 and 0:6 only,
while  heterologus antipili antisera could not

inhibit the adhesion of the isolates from the



serogroup O:2. Passively immunized white New
Zealand rabbits with antipili hyperimmune serum
that showed a high agglutination titer more than
1:640, tolerated the infection when challenged
with homologus . coli isolates. In heterologus
clmllengcs.thcrc was & cross protection between
serogroup 016 and O:6 and the adhesion was
also significantly reduced (P<0.01), whereas rab-
bits passively immunized with hyperimmune ser-
Wi against scrogroup O:2 were not protected
when challenged with heterologus  serogroup

O: 16 or O:6.

INTRODUCTION

The attachement of bacterial pathogens to the
uroendothelial cells has been considered as a po-
tenial first virulence step in the induction of mi-
crobial pathogenesis in the urinary tract. Uropath-
ogenic I coli was incriminated as one of the most
potential pathogens that cause pyclonephritis, cys-
titis and pyelitis in horses. Initial colonization of
the £, coli might be ascending or descending in its
pattern depending on the port of entery whether
through the urethra or through the blood stream.
(Krogfelt et al., 1991; Salyres and Whitt 1994 and
Linhares et al., 1999),

Piliated strains in many bacterial models as E.
coli, Salmonella, Proteus and Moraxella induced
the infection whercas the nonpiliated 1sogenic

variants were less pathogenic and in other occa-
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sions could not induce the infection. Pilus pro-
tcins were structured from repeating protein subu-
nits called pilin which differed in their amino acid
sequences, in their function as well as their recep-
tors specificity. Variable factors affected the ex-
pression of £, cofi pili in vivo as well as in vitro
conditions as virulence of the bacterial strain in-
volved, the surrounding niches pH. the presence
of certain nutrients and  the defence mechanisms
ol the host which could he humoral or cellular
(Silverblatt et al., 1982; Naveh et al., 1984; Sex-
ton and Reen [992; Hamrick et al., 2000; Sauvon-
nct et al., 2000 and Greene ct al., 20010).

Regarding the pili hemagglutination activity to
various erythrocytes, two major types were identi-
fied. type 1, in which hemagglutination was inhib-
ited by mannosc and was refered to as mannose
sensitive (MS) and type 11 which was mannose re-
sistant (MR). Protective humoral immunity was
elicited agz-linsl the immunogenic cpitopes of the
L. coli pili which might have shared antigenic de-
terminant as well as a highly conserved epitopes.
unique 1o each pijus type. These epitopes somie-
limes require cleavage of the pilus protein by cer-
tain chemicals to be exposed to elicit immune re-
sponse (Korhonen ct zl., 1981; Greene et al.,
2001).

The established recognition of the role played by
the E. coli pili in the initiation of the uropatho-
genesis has prompted investigations of whether.
antibodies  to

pilus  antigens might deter the
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lunction of the pili by blocking the adherence and

thereby cease the infection.

The objective of this study was to determine the
role of £. ¢oli in inducing pathogenesis in the uri-
nary tract of horscs as well as to elucidate viru-
lence and” immunogenic characteristics of their
pilli which are considered a pivotal in the patho-

SCNCSIS process.
MATERIALS AND METHODS

Specimens:

A total of 126 mid-stream urine samples were col-
iceted from horses (54 from stallions and 72 from
mares) in governmental and private equine studs
in Cairo and Giza governorates. The horses aged
3-10ycars and suffered generalized weakness,
weight loss. inappetence, [requent painful urina-
tion and voiding ol small quantities ol cloudy

urine.

Specimens were collected in screw caped sterile
glass bottles and transferred to the laboratory in

ice box for bacleriological examination.

Isolation and identification of bacterial iso-
lates:

Urine samples were cultured divectly onto bloed
agar plates containing 5% sheep blood and Mac

Conkey agar. Plates were incubated at 37°C for
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24-48 hrs. Colonies were identified morphologi-
cally, microscopically and biochemically accord-
ing to Quinn et al., (1994) and by using thc API

20E diagnostic streps kits (Biomercaux, France).

Serological identification of E. coli isolates:

I:. coli isolates were identified serologically by
slide agglutination st according o Edward and
Ewing (1972) using polyvalent and monovalent

E. coli antisera (Difco laboratories USA).

Preparation and purification of L. coli pili:

The different F. coli scrotype isolates were grown
onto veal heart infusion broth at 37°C ftor 24hrs,
The bacteria were harvested by centrifugation at
6000xg for 15min at 4°C and resuspended in
0.01M ‘Tris HC!. The bacterial suspension was
placed on ice and then bacterial pilt were sheared
lrom cells by agitation in a homogenizer sel at
70% speed lor 5 minutes at 4°C. Cells were then
centrifuged at 3000xg for 30 minules and discard-
ed. Supernatant which contained the pili was then
dialyzed overnight at 4°C in 6000 to 8000 molce-
ular weight restriction dialysis tubing against 2L
of 0.05M Tris buffer (pH 9.5) with 0.0IM sodium
azide. Pilt were then precipitated by adding am-
monium sulphate to 50% saturation. The pellci
which contained the pilli was resuspended in
0.01M Tris HC! and dialyzed in several changes
of; PBS pH 7.4 for 48hrs (Korhonen ¢t al., 1982

and Greene ct al., 2001). Then the protein content
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ol the pilli preparations was measured according

to Lowry et al.. (1952) technique.

The purity of the pili preparations was assessed
by the sodium dodecyl sulphate polyacrylamide
gel electrophoresis (SDS-PAGE). Pilus prepara-
tion was diluted at 4-fold with sample buffer
(0.23M Tris HCI, 0.5%SDS, 2.5% glycerol and
tug/ml bromophenol blue) and incubated at
100°C for 4min. then loaded in a vertical slab of
polyacrylamide using the discontinuous buffer
system {(Laemmli, 1970). Gels were stained with
Coomassif; blue or silver stain. Estimates of pilus
protein molecular weights were determined by
comparison of their migration distance with mi-

aration distances of low molecular weigt stan-

dards (Seicim, 1999).

Hemagglutination test:

All the £. coli isolates were prepared in 0.15M
NaCl and adjusted photomitrically to 10% truns-
mission al 620nm. Erythrocytles from humans
{type A), horse and bovine and chicken were pre-
pared in 3% suspention in PBS pH 7.4 after three
successtve washes, then equal volumes of RBCs
suspension and the adjusted bacteria were mixed
with or without D-mannose (25mg/ml). Parrallel]
(o the previous test, the different pili preparations
were tested to their hemagglutination ability of

the different RBCs types (Hagberg et al., 1981).
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In-vitro Adhesion of I. coli to wrinary tract
epithelial cells (UTEC):

UTEC were collected from {reshly voided urine
from healthy mares by centrifugation at 1000xg.
The sedimented UTEC were washed and suspend-
ed in Hanks buffer saline (HBS) contained 10%
foctal calf serum, then the cells were adjusted to
105cell/m! by hemocytometer. Equal volumes ol
the £. coli isolates adjusted to 1.0 optical density
and stained with fluorescein  isothiocyanate
(FITC) were mixed with equal volume (0.5ml) of
the adjusted UTEC and incubated at 37°C for Ihr.
The non adherent bacteria were removed by
washing in HBS. The adherent bacteria on 20
micro-

UTEC were counted under fluorescent

scope (Hagberg et al., [98 1 and Seleim, 1997).

Antipili antisera preparation:

Antisera against cach . coli pili type was raiscd
in New Zealand white rabbits. Purified pili pro-
tein was injected without adjuvant, 4 times, intra-
venously at one week intervals. The doses were
25, 50, 70 and 250pg. The rabbits were bled one
week after the last injection. The titer of the anti-
pihi antibodics were measured as the highest dilu-
tion of antisera which agglutinated the piltated
bacteria by the microagelutination test (Suwa-

nichkul et al., 1988).

Vel.Med.J. . Giza.Vol.50,N6.3(2002)



In-vitro Inhibition of adhesion:

.. coli isolates and the UTEC were prepared as
mentioned in the adhercnce assay except that the
bacteria were incubated with the antipili antiser-
um at 37°C for 30min before mixing with UTEC
and the adherence inhibition was assesed as be-

tore (Svanborg-Eden et al., 1982).

Passive immuization of rabbits and challenge
with E. coli:

I'emale New Zcaland white rabbits aged 2 month
old were passively immunized with 2ml rabbit an-
tipthi antiserum. Control rabbits received normal
rabbit serum. All the rabbits were then challenged
with the homologus and heterologus £, coli sero-
group by intravenous mjection of 0.5ml PBS
pH7.4 containing 2.5x108 E. coli cells. After 20
hours the rabbits were necropsied and the E. coli
counts in kidney tissuc were assessed (Bosch et

ab.. 1979).

The data of E. coli adhesion and adhesion inhibi-
tion were subjected to T test analysis {Snedecor
and Cochran, [967).

RESULTS

The bacteriological examination of the mid-

stream urine samples from the clinical cases
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revealed the isolation ol I coli [rom 76 cascs
(60.3%) other bacteria were also isolated but in
lesser frequencies as Streptococcus spp. 14 cases
(M. 1%); Kiebsiella spp. 12 cases (9.5%): Proteus
spp. L cases (8.7%); Staphviosoccus spp. 7 cases
(5.6%). Corynebacterium 3 cases (2.3%) and an-

other

(2.3%).

3 cases were bacteriologically negative

The incidence of isolation of £. coli from marcs
urine was higher (63.9%) than stallions (55.6%).
These isolates belonged to three serogroups O:16
(20.6%), O:2 (15.9%), and O:6 (12.7%) as well as
15 & coli
{Tablc D).

1solates  were

untypable (11.1%)

The SDS-PAGE analysis of the pili preparations
revealed one distinct protein band 20.1kDa specif-
ic for the serogroup O:16 and 0:6, whereas a
16.0kDa band for the serogroup O:2 (Figurel ).
The hemagglutination activity of . coli isolates
to the different erythrocyte types was similar and
their corresponding purified pili preparations
were similar, The effect of D-mannose on the
hemagglutination of different crythrocyles re-
vealed two types of hemagglutination, the man-
nose sensitive (pili type 1} and the mannose resist-

ant hemagglutination (pili type i) (Table2).
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infection,

Table 1: Different E. codi scrogroups isolated (rom horses had urinary tract

Bacterial

isolates

Stallion
(n*=54)

Marcs
{(n=72)

Total
(n=120)

No of isolates,

Incidence rate

No of isolates,

Incidence rate

No ol isolites.

Incidence rate

E. coli serogroup 10/54 (18.590) L6/72 (22.2%) 267126 (20.0%)
O:l6
E. coli 7154 (12.9%) 13/72 (18. ]%.) 200126 (15.99%)

Scrogroup 0:2

E. coli T54 (12.9%) W12 (17.4%) 16/126 (12.7%)

Scrogroup O:6

Untypable 6754 (1119 8/72 (12.5%)° 147126 (F. 1%
E coli
Total 30454 (55.69%) 46/72 (63.99%) T6/126 (60.3%)

E. colif cascs

* n = The number of examined animals.

Table 2: Hemagglutination paltern ol E, coli scrogioups on dilferent erythrocyles

E. colf serogroup i 16 | £ coli serogroup O:2 £ coli serogroup O:6
Source of (n=26)* (n=20) n=16)
erythrocyles
Mannose | Mannose Mannose | Mannosc Mannose | Mannose
resistant | sensitive resistant sensitive resistant sensitive
Horse 20726 4126 15/20 5/20 15/16 AL
67.9% 15.4% T5% 25% 93.8% 43.6%
Bovine 12/26 TI20 12/20 6/20 TG 5116
46.2% 26.9% 60% 30% 43 8% 31.3%
Chicken 4726 1/26 7120 5/2() 416 1716
15.4% 3.8% 35% 25% 25% 6.3%
Human 3/26 12126 3120 16/20 2116 716
11.5% 46.2% 15% 80% 12.5% 43.6%

*1n = The number ol E. coli i solates from each serogroup.
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Figure |: SDS-PAGE of pili preparation from the different

E. coli serogroups.

Coomassic hlug-stained SDS-PAGE proliles ol purificd pilus protein prepavations from three E. cofi scrogroups, O:16,
O:2, 0O6. Low molecular weight standard was used (Pharmacia Trypsin inhibhor 200 [kDa; Carbonic anhydrase 30kDa;

Ovalbumin 43kDa; Albumin 67kDa and Phosphorylase b,

Table 3: The patleen of adhesion of dil{erent E. coli serogroups on UTEC and the elfect of

anlipiti anttbodics on adhesion capacity.

. Adhesion Adhesion % of inhibition
Adhesion on o ) )
E. coli UTEC inhibition by inhibition by in correlation
serovar (n = 20)* homologous heterologous 1o homologous
anlibodics antibodies results
Q16 743 1 8.5+ 10W5 4 3.7%* (0:2)57.7 + BGv* 85.9%
(0:6)28.3+£32
0:2 685+ 124 73+29 (O:16)54.2 £9.0 89.3%
(0:0)49.4 + 117
o0 547 +57 6.4+ 4.) (O0:16) 186454 88.5%
J (023471 +7.3

* = number of UTEC

** Average number of adherent bacteric/UTEC 1 standard devialion,

Vet.Med.J. Giza. Vol.50,No.3(2002}
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Table 4: The effect of antipili antibodies in the protection of rabbits against challenge with 3 E. coli

SCrogroups.

o Avcrage No. of clufg Average Nao. ol ¢fu/g
Antipili e . . L . . . . .
I'ype of challenge kidney in immunized kidney in non immunized

type

M rats rats

0:16 Homologous strain :16 0 2.4x I[)5

. 3 . .

O: 16 Heterologous strain O:2 1.2x 1Y infected with serogroup O: 16

o6 Heterologous strain O:6 >10
02 Homologous strain O:2 G . I.Sxi()5

0:2 Heterologous strain O:16 2.3x10° infected with serogroup O:2

0:2 Heterologous strain 0:0 I.’.r‘xl(]4 ’

Q:6 Homologous strain O:6 0 2.7x10°

O:6 Helerologous strain O:16 >10 infected with serogroup O:6

0:6 Heterologous strain O:2 l.‘)xl(]3

In the in-vitro adherence test of E. coli isolates to
UTEC. all £. coli isolates were highly adherent to
UTEC especially the isolates of the serogroup
:16 (Table 3) In the adhesion inhibition test
using the homologus antipili antisera, the number
ol E. coli adhered to UTEC  was significantly
{P<0.01) reduce. whereas the hetrologus antibod-
ies could reduce the adhesion in case isolates of
ithe serogroup O:16 and O:6 only, while heterolo-

aus antipili antisera could not inhibit the adhesion

of the isolates from the serogroup O:2 (only the

homologus antipili could inhibit the adhesion)

{Table 3).

When white New Zealand rabbits were passively
immunized with antipili hypertmmune serum that
showed a high agglutination titer (1:640 in sero-
group O:16 and O:6 while 1:1280 in serogroup

0:0). they tolerated the infection when challenged
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with homologus E. coli tsolates. In case of hetero-
logus challenge there was a cross protection be-
tween serotvar O:16 and O:6 and the adhesion
was also significantly reduced (P<0.01), whereas
the group of rabbits passively immunized with hy-
perimmune serum against serogroup O:2 were not
protected when challenged with isolates of sero-

grbup O:16 or O0:6 ({Table 4),
DISCUSSION

Bacterial pathogens invading the wrinary tract
may induce symptomatic infection including the
kidney as pyelonephritis or the urinary bladder as
cystitis. Bacteriurea may also be accompanied
without prominent symptoms, Many factors affect
the severity of the urinary tract infection as the
virulence characteristics of the bacterial strains in-

volved in the infection and their ability to attach

Vet.Med.J..Giza.Vol.50,N0.3(2002)



and colontze the urinary tract. (Salyres and Whitt
[99<4: Linhares et al., 1999: Hamrick el al., 2000

and Sauvonnet et al., 2000) .

In this study the bacteriological examination of
126 mid-stream urine samples from the clinical
from 76

cases which constituted 60.3% of the cases, other

cases revealed the isolation of E. coli

bacteria were also isolated but in lower pattern as
Streptococcus spp. 14 cases (11.1%); Klebsiella
spp. 12 cases (9.5%). Proteus spp. 11 cases
(8.7%). Staphylosoccus spp. T cases (5.6%);, Co-
rynebacterium 3 cases (2.3%). Mares were more
susceptible to urinary tract infection than stallions
this could be attributed to the anatomical and
physiological Teatures of the female urinary tract
which has o wider uretheral diameter and located
in the vagina at close proximity from the anal
opening which allows the bacterial pathogens to
get easy access (o the urinary tract. The E. coli
(63.9%

{55.0%) stallions. These findings supported the

was isolated  from mares) and from
previous investigations ol Hagberg et al., (1981),
Orskov ct al., (1982); Held et al., (1986); Salyres
and Whitt (1994). These [ coli isolates belonged
to three serogroups O:16 ( 26 isolates, 20.6%).
O:2 ( 20 isolates, 15.9%), and O:6 (16 isolates,
[2.7%) in addition to another 14 isolates that

were untypable (11.19%) (Tablel).
The SDS-PAGE analysis ol the pili preparations
from cach serogroup revealed one distinet protein

band 20.1kDa specific for the serogroup O:16 and

Vet.Med.J.,Giza. Vol.50,No.3(2002)

0:6. whereas a 16.6kDa band was for the sero-
group O:2 (Figurel): the similarity of the protein
band of both O:16 and O:6 could be suggestive
that both serogroups could carry the same pilus
type which proved to be true due to their similari-
ty in the hemagglutination pattern and their adhe-
sion to UTEC. The obtained results agreed with
Klemin and Oraskov (1982) and Suwanichkul ¢t
al., (1987) who identified similar pilus protein
bands from uropathogenic strains of . coli with
small quantities of non pilus protein contami-
nants, that did not interfere with pili chemical

characteristics.

The hemagglutination activity of £, coli isolates
to the different crythrocyle types was similar and
their corresponding  purified pili preparations.
Most of the L. coli isolates showed mannose re-
sistent (MR} hemagglutination to horse RBS re-
gardless of thetr serogroup, which was explained
by many authors as it wus duc to the presence of
pili typell (Ofck and Beachey 1978 Orskov et al.,
1982 and Svanborg-Eden et al.. 1982) Hemagglu-
tination o bovine and chicken RBCs was more to
the expression of the MR hemagglutination than
to the mannose sensitive (MS), while the aggluti-
nation of the human RBCs by all the three scro-
groups was more of the (MS) type which was cor-
rclated to the presence of pili typel (Table 2).

These  hemagglutination  characteristics were
explaincd as a complex interaction between the 1i-

gand (pilt) on the £. cofi cell and the carbohydrate
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residues which is basically mannose on the RBCs.
Many bacteria contain both MR and MS pili on
their structure which explain the variation in hem-
agglutination results, moreover in many cases the
MS pili after subculturing on agar media it chang-
¢s (o MR which is a reason for discrepancies in
results. Many other fuctors were found to alter the
chemical Teatures of the pili.(Orskove et al., 1980:;
Hagberg ct al., 1981; Korhonen et al., 1982 and
Hamrick et al., 2000).

In the in-vitro adherence test of £. coli isolates to
UTEC, all £, coli isolates were highly adherent,
expectally the isolates of the serogroup O:16 (74.3
+ 8.5 bacteria/cell) the serogroup O:2 and O:6
were slightly less adherent. (Table 3). In the adhe-
sion inhibition test using the homologus antipili
antisera, the number of L. coli adhered to UTEC
was significantly (P<0.01) reduced by 85.9%,
89.3% and 88.5% in the three serogroup isolates
O:16. O:2_and 0:6 respectively. The heterologus
antibodies of the serogroups O:16 and O:6 could
convey cross  protection against  heterologous
challenges with isolates from the serotype O:16
and O:6 but not to isolates from the serotype O:2,
only the homologus antipilt of the serogroup O:2
could inhtbit their adhesion (Table 3). This con-
firms the previous hypothesis that the pili from
the serogroup G:16 and serogroup O:6 could be
identical which was proved by the SDS-PAGE
and their hemagglutination pattern. Other workers
proved similar results that antipili antisera raised

in rubbits could inhibit the adhesion of the homol-
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ogous strains of £. c¢oli on the UTEC and either
partly or not at all inhibit the adhesion of the het-
erologous strains (Silverblatt ¢t al., 1982 and
Greene et al., 2001) which elucidated that, antise-
ra to whole pili aggregated and distorted pili from
homologous strains, but pili from heterologus
strains  were  unaffected, whereas  antisera to
cleaved pilin resulted in partial aggregation (o ho-
mologous and heterologous pili, suggestive to het-
erospecific antibodies when more  pilus epitopes

were exposed duc to the cleavage.

When white New Zcaland rabbits were passively
immunized with antipili hyperimmune serum with
a high agglutination titer (1:640 in serogroup
O:16 and O:6 while 1:1280 in scrogroup 0:6),
they tolerated the infection when challenged with
homologus isolates. In case of heterologous chal-
lenge there was a cross protection belween serot-
var O:16 and O:6 and the adhesion was also sig-
nificantly reduced (P<0.01).whereas the group of
rabbits passively mmmunized with hyperimmunc
serum agaimst serogroup O:2 were not protected
when challenged with isolates of serogroup O: 16
or O:6(Table 4). Pilus protein might contain vari-
ous antigenic determinants that elicit high titer an-
tibodies that could deter completely or partially
the adhesion on the host cells in a dose response
relationship depending on the degree of related-
ness between the isolates (Stenquist et al., 1982:
Chen ct al., 1999; Langermann ¢t al., 2000; Yabin
et al., 2000 and Greene et al., 2001).

Vet.Med.J.,Giza.Vol.50,No.3{2002)



These data which confirmed the potential humoral
immune response elicited by the pilus proteins
and its crucial effect on inhibition of adhesion on
cpithelial cells, led to production of many com-
mercial vaccine preparations (multivalent vac-
cines) containing various units from several anti-
eenically distinet bacterial strains in an attempt to
increase the spectrum of the induced immune re-
sponse (Chen et al., 1999; Langermann et al.,

2000 and Greene et al., 2001).
REFERENCES

Bosch. J.F.; Gralf, ]. and MacLaren, D.M. (1979 Viru-
lence of E. coli in experimental hematogenous pyclo-
nephriiis in mice. Infect. Immun. 25: (1) 74-86.

Chen, S.; Zhenfang, O. and Lin, W. (1999): The immunoge-
nicity of ultrasonnicated vaceine ol chicken pathogenic
E. coli O:78 against colibacillosis. I. south China Agric.
Univ. 20: (1) 37-40.

Fdward, P. R. and Ewing W, H. (1972): Idenlilication of
Enterobacieriaceac. Burgress Publication co. Minneapo-
lis LISA

Greene \W.H.: Grubbs.S.T. and Potgicter, LN:d. (2001}: De-
teetion nI; shared antigenic determinants on whole Moax-
ella bovis pili by use ol antiserat o cyanogen bromide-
cleaved M. bovis pilus protein. AJVR. 62: (§) 1279-
1283.

Hagberg, L.U.. Jodal, T.K.; Korhonen,G.; Lindberg, C. and
Eden. 5. (1981):Adhesion, hemagglutination and viru-
lence of E. coli causing urinary tract infections. Inlect.
Immun. 31: 564-570,

Hamrick. T.S.; Havell, E.A.; Horton, J.R. and Orndorii,

Vet.Med.J,.Giza.Vol.50,No.3(2002)

P.E. {2000} Host and bacierial (actors involved in the
innate ability of mouse macrophages w climenate inter-
nalized vhopsonized E coli. Infeel. Immum. 68: (1) 125-
132,

Held, 1.P.; Wright, B.and Henton, 1.E. (1986): Pyelonephri-
tis associated with renal {ailure in horse. J. Am, Vet
Med, Assac. 189: (6) 688-089.

Klemin, P. and Osskov, L (1982): F7 and type i-like limbni-
ac from threc E. coli strains 1solated [rom urinary tract
inlcction: chemical and immunological aspects. Infect.
Immunol. 50: 462-468.

Korhonen, T.K.; Lelfler. H. and Eden, 5.C. (1982): Binding
specilicity of piliated strains of E, coli and S. typhimuri-
uin to epi.lhclial celis, Saccharonvees and erythrocyies.
Infect. Tmmun.32: (2) 796-804.

Kroglelt, K.; McCormick, B.A.; Burgholl. R.L. and Cohen
P..S. (1991): Expression ol E. coli F-18 type 1 limbriac in
streplomyein treated mouse large intestine. Inlect, Iin-
munol. 59: 1567-1568. |

Lacmmli, N.K. (1970): Cleavage of structural protein dur-
ing the assembly ol the head of bacteriophage T4, Na-
turc, 227: 680-685.

Langermann, 8.; Mollby, R. Burlein, J.E. and Koenig S.
(2000): \-/accinulion with FimH Adhcsin protects mon-
keys Irom colonization and infcction by uropathogenic
E. coli. ). Inlect Dis. 181 (2) 774-77%8,

Linhares, R. E.; Vidotio, M. C. and Brito, B. G. (1999):
Virulence associated [actors ol uwropathogenic E.coli
strains isolated from pigs. Vel Microbiol. 65: (2) 123-
132,

Lowry, C.H.; Rescbrough, N. 1. and Farr, A, L. (1951); Pro-
tein measurement with the folin phenol reagent. 1. Biok.

Chem, 93; 266-275.

387



Noveh. MW ., Skutelsky, E. and Ron, E. (1984): Adhctence
pili in avian strain of E. coli: effect on pathogenicity,
Avian Dis. 28: 651-661.

Orskov. L; Orskov, F. and Birch, A.A. {1980). Comparison
ol E.coli fimbrial antigen F7 with type I fimbriac. In-
fecl. Immun. 27: 657-666.

Olek. I and Beachey, E. H. (1978): Mannose binding and
epithelial cell adherence of E. coli. Infect. Immun. 22:
247-254,

Quinn, P. 1; Carter, M.E.; Markey, B. and Carter,G.R.
(1994): Clinical Veterinary Microbiology. Mosby, U.K.

Salyers. A. and Whiu, D. (1994): Bacterial pathogenesis,
1st Edition Illinoy untversity press.

Sauvonnet, N.; Gounon, P. and Pugsley, A.P. (2000): PpdD
type IV pilin of E. coli K-12 can be assembledinto pili in
Pyendomaonas wenrogenosa. J. Bacieriol. 182: (3) 848-
854,

Scieim. R.S. (1997): Hyaluronic acid mediated adhesion of
P. multecida to different host cells. New Egypt J. Med.
17:(5)440-444.

Seleim. RS, (1999): Specificity of outer membrane pro-
lein-antigen for detecting S, enteritidis antibodics in-

chicken serum. J. Vet Med. Ass, 59: (243) 383-394.

388

Sexton, M, and Reen, O.J. (1992): Characlerizalion of anti-
body mcd.ialcd adhesion on P. aeruginosa adhesion o
cpitheliai cells. Infect. Immunol. 8: 3332-33338.

Silverbalt, F. J.; Weinstein, R. and Renc. P. (1982): Protec-
tion against experimental pyelonephritis by antibodies 10
pili. Scand. J. Infect. Dis. 33 ;:79-82.

Sncdecor, G.W. and Cochran, W.G. (1967): statistical meth-
ods. lows state university press. USA

Stenquest, K.; Sandberg, T.: Korhonen, T.K. and Eden, S.C.

. (1982): Effect ol subinhibitory concentration of antibio-
Lic and antibobics on the adherence of E. coff to human
urocpithclial cells in Vivo. Scand. 1. Infect. Dis. 33:
104-107.

Suwanichkut, L.A.; Panijriahy, A. and Wagner, R. M.
(1987):Antigenic relatedness and partial amino acids se-
quences of £ coli pili serotype O:1, 0:2 and 0:78 path-
ogenic Lo poultry. Avian Dis, 31: 809-813,

Svanborg-Eden,C.; Marild. S. and Korhonen, K.(1982): ad-
hesion inhibition by antibodics. Scand. J. Infect. Dis.
33:72-78.

Yabin, L.; Song, G.; Peng, D.; Xiufan, L. and Peng, D.
(2000): Laboratory preparation ol monoclonal antibod-
ies to type I pili of avian £ coli and their preliminary

application. Chinesc J. Vet. Sci. 20: (2) 148-15 I..

Vet.Med.d..Giza.Vol.50,No.3(2002)





