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What is Colibacillosis ?

* is generally defined the infection with
Escherichia coli

e cause of neonatal diarrhoea, post-weaning
diarrhoea (PWD), oedema disease (ED),
septicaemia, polyserositis, etc

 Two main pathotypes

e 1. enterotoxigenic E.coli (ETEC)***
e 2. enteropathogenic E.coli (EPEC)



What is Colibacillosis ?
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What is Colibacillosis ?
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What is Colibacillosis ?

* Enterotoxigenic Escherichia coli (ETEC)

* Cause disease by attaching to epithelial cells in
the small intestine

e using “fimbriae”

 There are many types of fimbriae

* Including K88 (F4), K99 (F5), 987P (F6), F18 and
F41

* Produce 2 important enterotoxin, i.e., heat-
labile enterotoxin (LT) and heat-stable

enterotoxin (Sta and STh)



What is Colibacillosis ?
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Table 1: Characteristics of E. coli Strains

that Cause Diarrhea in Young Pigs

Se_fomg Fimbriae

Toxins Hemolysins Age Affected

KS92F41 STa

K88 LY, STb2STa
KSS2F41;S87P STa

987pP STa

K99:F41 STa

Fl8ab.ac STa SThiStx2e
Fi8ab STa STh+Stx2e
987P sTa

Fl8ac STa SThaStx2e
K88 LT, STb2STa
K88 LT, STbh2STa

+
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Neonate

Neonate & Weaned
Neonate

Neonate

Neonate

Weaned

Weaned

Neonate

Weaned

Neonate & Weaned
Neonate & Weaned

From: Francis, 2002. J. Swine Health and Prod. 10:171-175.




Mechanism of infection

intestinal Mucin-type Glycoprotein (IMTGP) bound

biotin-labeled K88ac fimbriae
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Mechanism of infection

Microvilli
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The microvilli have a well-developed surface
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Mechanism of infection

e both adhesive fimbriae and enterotoxins is
important for infection

e piglets show a modification of their intestinal
receptor to ETEC fimbriae

* ex. intestinal mucin-type glycoprotein
(IMTGP) is a biological receptor of K88
fimbriae

* Older pig resistant to ETEC infection than
younger pig

* through thickening of the glycocalyx covering
the epithelium



Diagnosis

Observation

- Neonatal diarrhea: 0-4 days of life

- PWD: 2-3 weeks after weaning
Diarrhea: yellowish, gray, slightly pink fluid

Gross lesion: dilated intestine, slightly
edematous, sometime hyperaemia

Bacterial culture: hemolytic colonies (ETEC), hon-
hemolytic colonies (EPEC)



Diagnosis

Serotyping: agglutination test to determine
O (cell wall LPS) ,F (fimbrial) antigens or H
(Flagella)

Table 1; Important adhesins and serogroups of ETEC (modified from Fairbrother and Gyles, 2012).

ETEC Adhesins O serogroups Disease
K5, F6, Fl 08, 09, 020, 064, 0101 Neonatal diarrhoea
k4 08, 0138, 0141, 0145, 0147, 0149, 0157
F4, AIDA 08, 0138, 0139, 0141, 0147, 0149, 0157 PWD
F18, AIDA 08, 0138, 0139, 0141, 0147, 0149, 0157




Diagnosis

Genotyping:

* detection of genes encoding for virulence
factors

* Mainly based on PCR

e ETEC: Sta, STb, LT, F4 , F5, etc
* EPEC: Eae

* STEC: Stx2e

* use of PCR for the identification of virulence
factors directly in samples >> unreliable!!!



Tabla 2: DETaeramtial diagnosls of the maln agants of neonatal diamhosa gmodifled Trom BMartadl]l ot al., 2013).
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Tabla & DETeramtial dliagnosis of the maln agants of post-weaning dilarrhosa (modiflad Tom Martsll et al., 2010.3).
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Diagnosis

Can pooled pen floor samples be used for

diagnosing Escherichia coli F18 positive
diarrhoeic nursery pigs? (Nicolai Weber)

e pooled faecal pen floor samples (PFP) can be
used for diagnosing ETEC in diarrhoeic nursery
pigs ?

* Bacterial culture

* qPCR

* PFP vs Pig sample




Diagnosis

W“ CL95% “ CL95%

Culture  83.3 55.2-95.3 84.2 62.4-94-5

__________
- ~s
Y

~

qPCR 83.3 55.2-95.3__68.4 46.0-84.6

’
~~~~~~
————————

Can pooled pen floor samples be used for
diagnosing Escherichia coli F18 positive
diarrhoeic nursery pigs? >> YES !!



Susceptibility test

Disc diffusion >> low reliable

Minimum inhibitory concentration = lowest
concentration of a chemical that prevents
visible growth of a bacteria

* MIC >> quantitative results susceptlble
intermediate, resistant) = o = e

TTTTT
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Immunization

Vaccination: delivered to pregnant sows >>

high efficiency

But not weaned pig >> ???
Concerning:

1. immunity immature in piglet
2. maternal immunity

.S. VET
LICENSE NO. 337



Immunization

Experiment 1: live vaccine
* Piglets >> susceptible to K88 ETEC

e suckled for 10 days before separate from dam

* \Vaccination (OS) 4 groups, i.e., i) live K88/Ltb ii)
live K88, iii) live Ltb and iv) no antigen E. coli

f f / Challenge by
| |
| |

| Pathogenic: O157

I
14 days 19 days 28 days




Immunization

Experiment 1: live vaccine

with Constructed Vaccine Strain

Table 2: Chnical Outcomes following ETEC among Pigs Vaccinated

“died or were euthanized when moribund

Plasmid gene{s) No. Pigs Diarrhea = 10% weight loss Death®
K88/LTb 33 1(3) 0(0) 0(0)
K88 i8 5(28) 2(11) 2(11)
LT 14 14(100) 12(86) 10(71)
None 55 37(67) 23(42) 22(40)
()=%




Immunization

Experiment 2: subunit vaccine
* Piglets >> susceptible to K88 ETEC

* Vaccination (intranasally) 4 groups, i.e.,
hpurified K88/Lt ii) purified K88, iiiy commercial
Lt toxin and iv) diluent

f f / Challenge by
| |
| |

| Pathogenic ETEC

I
10 days 17 days 24 days




Immunization

Experiment 2: subunit vaccine
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9 Survival

Immunization

Experiment 2: subunit vaccine
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Immunization

Experiment 3: live vaccine

* 08:H4 field isolate that expressed K88
fimbriae, but not LT or STb

e 4 groups (OS), i.e., iy mutate LT, ii) mutated Lt
with STb, iii) O8:H4 with K88 and iv) no vaccine

* suckled for 12 hour before separate

f / Challenge by

| | Pathogenic ETEC
I |
5 days 6 days




Immunization

Experiment 3

Post-Challenge Observations Among KBB-Receptor-Postivie Pigs
Receiving Vaccine Strains 24h Before Challenge Table 3

Vaccine Strain Change in

Gene(s) No.Pigs Diarrhea Weight change  Serum Total Protein
K88 8 5 -2.940.1 -5.5¢2.9
KB8/LT(R192G) 7 0 -2.110.1 -3.314.3
KB8/STb-LT(R192G) 7 0 0.1:0.1 -5.513.8

Non-Vaccinates 9 9 -19.340.1 30.646.3




Immunization

Conclusion

» efficacious K88 ETEC vaccines require
“antigen” of both fimbriae and heat-labile
enterotoxin

e mucosal route !!

* Live constructed vaccines >> oral route
* Subunit vaccines >> intranasally



Alternative method

Polyphenol
e positive regulatory effect on intestinal
epithelium tight junctions (TJ) = Tt
é @ {?} Bficterial p.roducts and
* fruits, vegetables, tea, coffee | +7 %« +° o, [

 Antioxidative

L

- i] Tight junction

%

Epithelial cells

e anti-inflammatory

* anti-carcinogenic
e Decrease and |

Lamina propria

permeability

Suzuki, 2013



Tahle 4 Mutricniz and food faciors decrease and restore inicstinal TJ permcability

Mutricnis and food Factors® Permeabhility Cell Mechanizm™

Aming acicd

Giln Mot determined Caco-2 Clawdin-1 + [ 187]
Ciln Decrcase Caco-2 Neutralive acctaldehyde, restoration of occludin
and FO-1 distribution [189]
Trp Decrease Caco-2 Unknown [ 191
Pepiide
Cascin peplide Decrease Caco-2 Orecludin T [194]
Cheese peplide Decrease Caco-2 Unknown | 192]
Faity acid
EPA, DA, arachidonic acid, Decrease TEA Unknown [ 197]
r-LA, di-homo-p-LA
EPA, DHA, arachidonic acid, Decrease T&4 Meutralize 14 |197)
di-homio-y-1.4
Acctic acid Decrease Caco-2, TEA  Unknown [ 206]
Propionic acid Decrease Caco-2, TEA  Unknown | 206]
Butyric acid Diccreasc Claco-2 Promotion of occludin and Z0-1 assembly
in Ca-induced TJ reassembly [205]
Vitanmin
Vitamin A Decrease Caco-2 MNeuiralize Closiridivem difficile toxin A [213]
WVitamin Ly Mol determined SWARD 0 1, clandin-1 T, clawdin-2 T, E-cadherin T [214]
Decrease Caco-2 Meutralize x5S [214]
Polyphenol
Checreeiin Decrease Caco-2 Clandin-4 T, @#0-2 +, claudin-1 «, occledin + [217]
Kacmplcrol Decrease Caco-2 F-2 T, clandin-d T occluidn +, claudin-1 <, clandin-3 + [Z18]
Myricctin Decrcass Caco-2 Unknown [217]
Genistein Decrease Caco-2 MNeutralize hydrogen peroxide, occludin +—, Z0-1 +— [40]
Decrease Caco-2 Meutralize acctaldehyde, occludin «», Z0-1 « [43]
Curcumin Decrease Caco-2 Meuiralize THNF-x [106]
Decrcase Caco-2 Meutralize 1L-16 [116]
B Decrease THEA Neutralize IFM-y [221]
Probiotics

Suzuki, 2013
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Alternative method

Probiotic and prebiotic

Lactobacillus inhibit adherence of ETEC
Saccharomyces stimulate intestinal immunity

and inhibit binding of toxins to enterocyte
receptors

Prebiotic ,e.x., fermented ingredients

stimulate the proliferation of potentially
beneficial microorganism



Alternative method

Probiotic and prebiotic

ETEC

Control (untreated cells)

Lui, 2015

L. reuteri+E

L. johnsonii+E

Y - P




Alternative method

Zinc oxide

e 2,400 and 3,000 ppm of zinc can reduce
diarrhea

* By reduce bacterial adherence of ETEC F4
* Can be an environmental pollution
e Resistant bacteria to Zn




Alternative method

Zinc oxide
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Resistant E. coli

* Under-dosing is frequent with oral
administration in pigs

* Induce selection of resistant bacteria

* must be chosen for their ability to achieve
therapeutic concentrations at intestinal
level

* Multidrug-resistant pathogenic E. coli
strains are often isolated from diarrhoeic

pigs



Resistant E. coli

Wild-type
population

@ = susceptible bacteria
@ = resistant mutant

Deleterious effect over susceptible

population and resistant subpopulation

MPC

>

Selection of resistant "

Mo e i e e e
g 3}

= Mutant

15 selection

*qa‘) window

S .

O _________________________
(@]

subpopulation

Absence of effect

—
LTS - — S—
Prase kasamas o — —

Canton, 2013
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Ceftiofur

Aarestrup et al., 2008
Fluoroquinolones

0% g gm 0% M gy, =T—r-20%

a et al., 2010

Gentamicin

Yo

Enrofloxacin 0 % g
Ceftiofur 0%
Tetracycline 69%
SXT 52%



Resistant E. coli

Colistin

* polymyxin group of polypeptide antibiotics

e activity against Gram-negative bacteria (GNB)
* [ipopolysaccharide (LPS) and phospholipids in
the outer cell membrane of GNB

* leading to disruption of the outer cell

P Acciscay e

membrane E—

Omp A porin —— Tolistin binds to LIPS and
Adisrupts outer Mernmbrane




Resistant E. coli

Colistin resistant

Table 4: Percentage of colistin resistance In E.coll Isolated from healthy and diseased pigs (modified from Kempf et al.,
2013).

" Country Origin of the isolates % of Reference
resistance/non-
wild type
strains
France faeces, healthy pigs 0.5% Belloc et al., 2008
| Sweden | healthy pigs 0% SVARM, 2011
Denmark | healthy pigs 0% DANMAP, 2009
Belgum | pigs with diarrhoea 0.6% Boyen etal., 2010
| Croatia | pigs with diarrhoea 3% Habrun B., 2011
Brazil pigs with diarthoea 6.3% Morales et al., 2012
Brazil Egs with diarrthoea 28.1% Costa et al., 2010
UK Slaughterhouse, healthy pigs 34,1% Enne et al., 2008
China pigs with diarrhoea 313.3% Luetal, 2010
Japan pigs with diarrhoea 35.6% Harada K., 2005
[taly pigs with diarrhoea 42.2% Data not published, 2015




Resistant E. coli

Colistin resistant

* resistant phenotype >> modification of LPS
charge

* by modification of lipid A

 chromosomally mediated, ex., deletion of the
etk gene (E. coli), pmrA (S. Typhimurium)

* plasmid-mediated colistin resistance
mechanism >> MCR-1 !!!



Resistant E. coli

Colistin resistant
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Figure 2: Structure of plasmid pHNSHP45 carrying mer-1 from Escherichia colistrain SHP45 | i, 2016

How antibiotic resistance spreads

Chromosomal DNA  Resistant DNA

|

Resistant bacteria ~ Piius Non-Resistant bacter
Resistant DNA copied ©f\./
to receiving cell
® Hgm DA Hesignt DA
Resistant Resistant

ia

BIBI(]



Resistant E. coli

Colistin resistant

Year

Positive isolates (%)/number of isolates

Escherichia coli

Pigs at slaughter Al
Pigs at slaughter 2012
Pigs at slaughter 2013
Pigs at slaughter 2014

Retail meat All
Chicken 2011
Pork 2011
Chicken 2013
Pork 2013
Chicken 2014
Pork 2014

Inpatient 2014

Klebsiella pneumoniae

Inpatient 2014

166 (20-6%)/804
31 (14-4%)/216
68 (25-4%)/268
67 (20-9%)/320
78 (14-9%)/523
10 (4-9%)/206
3(6:3%)/48
4 (25-0%)/16
22.9%)/48
28-0%)/75
22-3%)/130
1-4%)/902

1

1
21

2
1

[N}

II
II
II
II
Ii
(14

Lad

3(07%)/420

Table 2: Prevalence of colistin resistance gene mer-1 by origin

Colistin minimum Year Source Country mer-1
inhibitory concentration
(mg/L)
LH30 6 2012 Human Laos +
LH57 g 2012  Human Laos +
LH1 6 2012 Human Laos +
LH121 16 2012  Human laos +
LH140 12 2012 Human Laos +
LH257 12 2012 Human Laos +
P10 6 2012  Pig Laos +
P6 6 2012 Pig Laos +
P17 4 2012 Pig Laos +
Py 4 2012 Pig Laos -
TH176 6 2012  Human Thailand -
TH214 6 2012 Human Thailand +
TH99 4 2012 Human Thailand +
FHM19* 12 2012 Human France -
FHA1021T 12 2012 Human France -
FHA113: 12 2012 Human France -
NH94% 12 2012 Human Nigeria -
235 4 2015 Chicken Algeria +
249 3 2015 Chicken Algeria =
Mutations in PmrB sensor kinase of the two-component system: *Pro7_Gln12del
(deletion of 6 aminoacids); TAla159Val; $+Thri56Lys; and §ls092 ins (insertion of
isoleucine at position 92).
Table: Colistin-resistant Escherichia coli with the associated mcr-1 gene
isolated from different sources

Liu, 2016

Olaitan, 2016



Mcr-1 distribution in food animals (as of 1° March 2016)
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Advise for Colistin resistant

* colistin should be only used based on
susceptibility testing

e duration of the treatment should be limited to

the minimum time necessary for the
treatment

* should not exceed 7 days

e use of the product deviating from the
instructions given in the SPC may lead to

treatment failures and increase the prevalence
of bacteria resistant to colistin









