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INTRODUCTION
Different Escherichia coli strains are important pathogens in neonatal 

diarrhoea in pigs. One important virulence factor of enteropathogenic E. coli 
is the ability to adhere to the epithelial cells in the small tntestine 
(Arbuthnott & Smyth, 1979). A surface-associated antigen that promotes 
colonization of porcine enterotoxigenic E. coli is the pi 1 us like K88 antigen 
(Smith & Linggood, 1971; Jones & Rutter, 1972). Other colonization-promoting 
antigens are K99 and 987P (Nagy et a l., 1977). Enterotoxigenic E. coli strains 
which have the K88 antigen colonize mainly the upper part of the smaTT intes
tines of pigs, while the highest number of E_. coli with the 987P antigen are 
found in the terminal part (Smith & Huggins, T975T.

It  has been shown that K88-positive E. coli does not adhere to the small 
intestines of all pigs (Sellwood et a l., 1975). Some pigs lack the intestinal 
receptor for K88 antigen and they have been found to be resistant to experi
mental (Rutter et a l., 1975; Smith & Huggins, 1978) as well as natural 
infection (Sellwood, 1979) with K88-positive enteropathogenic E. co li. The 
intestinal receptor is inherited by a- single locus with two alleles' CAdhS, 
Adhs), where adherence is dominant (Gibbons et a l., 1977).

The aim of the present study was to investigate the frequencies and the 
effects on performance of the two phenotypes (receptor and no receptor) among 
a sample of the Swedish pig population.

MATERIAL AND METHODS
The experimental pigs, 508 crossbred slaughter pigs (Sw. Yorkshire x Sw. 

Landrace), were obtained from a study in which the main objective was to 
investigate the interaction between genotype and nutrient density level 
(Petersson, 1980). They were the progeny of 20 sires and 119 sows. The pigs 
were fed a diet with either low or high nutrient density level both during 
the piglet period (birth to approx. 10 weeks of age) and later during the 
performance test period (80 days - 150 kg live weight). In this way four 
different combinations of diets were used (low-low, low-high, high-low and 
high-high). During the piglet period the litte rs  were fed according to lit te r  
size and average weight. Feeding after the piglet period was also based on a 
restrictive scale, according to the average weight of the six fullsibs in 
each pen. The pigs were weighed every 14th day throughout the test period, 
and weekly after one of the pigs in the pen had reached SO kg live weight.
They were slaughtered the week they reached 100 kg live weight. The body com
position at start of the test period was estimated by multiple regression 
from a previous study. The percentage of lean, fat and bone in the carcass 
was estimated from partial dissection by multiple regression.
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The adhesion of E. coli K88 to the small intestine was also investiga
ted in some of the sires and dams (9 boars, 42 sows) of the slaughter pigs 
studied.

The E. coli strains used in the experiment were a K88-positive E. coli 
strain with its K88-negative counterpart. The two strains were kindly pro- 
vided by the Department of bacteriology and epizootology, Sw. Univ. of 
Agriculture, Uppsala.

The small intestine was separated at the pylorus sphincter and at the 
ileoceacal valve immediately after slaughter. Segments of approximately
0.2 m length were taken about 2 m from the pylorus sphincter and also from 
the middle and final part of the small intestine. An in vitro test described 
by Sellwood et a l. (1975) was used with a slight modification. In this test 
epithelial cells from the small intestine were incubated with E. coli in a 
phosphate buffer. The cells were examined for adhesion of E. coli by'inter- 
ference contrast microscopy. Since the adhesion appeared as an all-or-none 
tra it, only 5 to 10 cells per sample were examined. The negative E. coli 
strain was used as control in the test.

The material was analysed with the method of least-squares of data with 
the Statistical Analysis System (Barr et a l., 1979). The effects of sire, 
dam, sex, diet, period of birth, parity number and receptor for K88 
were studied. The regression of l it te r  size and live weight at birth were 
included in the model when traits recorded during the piglet period were 
studied. For traits recorded during the test period, regression of l it te r  
size and carcass weight were included in the model. The effect of dam was 
regarded as fixed. The two-factor interactions between fixed main effects 
were also analysed and included in the model when significant.

RESULTS AND DISUCSSION
Adhesion occured between E. coli K88+ and epithelial cells from approxi

mately 40% of the slaughter pigs studied. Consequently, the other pigs were 
of the Adhs Adhs genotype, i.e . they lacked receptor for the K88 antigen.
The results agree with the findings of Gibbons and coworkers (1977) that the 
receptor is inherited dominantly in a simple Mendelian way.

No pronounced differences were observed between eipthelial cells collec
ted from the upper, middle or final part of the small intestine. However, 
epithelial cells from the middle part showed the most distinct adhesion to 
E. coli K88+

Differences in number of colonizing E.coli K88+ between different parts 
of the small intestine have been raported in vfvo (Smith & Huggins, 1978) 
with the highest number of colonies in the upper part. The results from the 
present investigation give no indication that this is caused by differences 
in receptor frequency in different parts of the small intestine.

Information on production traits were available for 324 of the pigs 
studied. This material is described in Tables 1 and 2 by overall means and 
standard deviations, where also the influence of the K88 receptor on traits  
registrated during the piglet period as well as the test period is shown.

Piglets with the K88 receptor had a lower weight at 3 and 6 weeks of age, 
respectively (Table 1) and a lower daily gain of lean, fat and bone during 
the piglet period. This could indicate a higher incidence of diarrhoea during 
the firs t weeks of life  in piglets with the receptor. The performance of the 
pigs during the test period is given in Table 2. During the firs t 10 weeks on
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test, pigs with the receptor s t i l l  had a lower weight, although not s ig n ifi
cant. However, no difference in days on test was observed. Pigs with the 
receptor showed higher daily gain of lean and a lower feed consumption per 
kg lean tissue. They also had a thinner backfat and a higher lean percentage 
in the carcass.

The results obtained indicate that the K88 receptor is unfavourable 
during piglet period, but an advantage during the fattening period of slaughter 
pigs. There seems to be a positive influence of the K88 receptor on lean de
position. However, an important fact is that the pigs in the present study 
were chosen at 9 weeks of age for the performance test. Extremely small pigs 
were not allowed as test pigs, nor unhealthy pigs, or pigs with any defects. 
Piglets with the K88 receptor are expected to be more susceptible to neonatal 
diarrhoea, and may have a higher death rate during early l ife . The frequency 
of pigs with the K88 receptor would thus be higher i f  whole litte rs  rather 
than pigs chosen for performance test were studied. The influence of the K88 
receptor on performance might also be different.

Recently, a technique has been described that makes use of very small 
specimens of the small intestine in the test for receptor, thus making i t  
possible to identify the two pig phenotypes by examining biopsy samples ob
tained by enterotomy. This allows identification of the two phenotypes in 
pigs intended for breeding (Snodgrass et a l . ,  1981).
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Table 1. The effect the K88 receptor on production tra its  registrated during 
the piglet period (birth to 9 weeks of age)

Trait

Contrast+S.E 
no receptor 
receptor

Prob- 
F-ratio value X S.D.

Live weight at 3 weeks, kg 0.25*0.12 4.5 0.04 5.8 1.1

Live weight at 6 weeks, kg 0.57*0.21 7.0 0.009 10.5 1.9
Live weight at 9 weeks, kg 0.39*0.36 1.2 0.28 16.2 3.0
Live weight at start test, kg 1.18±0.55 4.6 0.03 24.2 4.7
Kg lean at start test 0.49*0.22 5.2 0.02 8.4 1.9
Kg fat at start test 0.15*0.07 4.8 0.03 2.6 0.6

Kg bone at start test 0.12+0.05 5.8 0.02 2.7 0.4
Daily gain of lean, g 6.0+2.7 5.0 0.03 103.7 22.4
Daily gain of fa t, g 1.8±0.9 4.5 0.03 32.4 7.3
Daily gain of bone, g 1.5+0.6 5.5 0.02 33.4 5.4
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Table 2. The effect of the K88 receptor on production tra its  registrated 
during the test period (12 weeks of age to slaughter at 100 kg 
live weight) and after slaughter

Trait

Contrasts.E. 
no receptor - 
receptor F-ratio

Prob-
value X S.D.

Live weight after 2 weeks 
at test, kg 0.38±0.74 C.3 0.61 31.1 6.5
Live weight after 6 weeks 
at test, kg 0.82+1.15 0.5 0.48 50.1 10.6
Live weight after 10 weeks 
at test, kg 1.25±1.42 0.8 0.38 74.6 13.5

Days on test 0.00+1.53 0.0 0.99 98.0 14.0
Average daily gain, g -10.5+11.0 0.9 0.34 798 100
Daily gain lean, g —11.1±4.1 7.3 0.008 304 33
Daily gain fa t, g 4.5±4.2 1.2 0.28 192 40
Daily gain bone, g -0.9+0.9 1.0 0.32 64 7

Kg feed/kg lean 0.24+0.14 2.S 0.09 7.57 1.29
Meal/kg lean 0.79-0.41 3.8 0.05 22.3 3.5
Dig. protein/kg lean 0.034+0.017 3.7 0.06 0.915 0.148

Lean % -0.85±0.35 5.9 0.02 55.7 3.1
Fat % 0.30±0.39 4.2 0.04 31.0 3.5
Bone % 0.05±0.08 0.5 0.47 13.1 0.7
Backfat, mm 1.03+0.48 4.6 0.03 20.3 4.6
Carcass length, mm 2.00+3.26 0.4 0.54 939.5 29.0
Meat colour -0.04t0.46 0.0 0.93 24.7 3.5

SUMMARY

One important virulence factor of enterotoxigenic EiheAAjdvia. c.oLL is the 
ability  to adhere to the epithelial cells in the small intestine. The ad
hesion of E . z o t i  KSS to the small intestine of pigs, which is promoted by a 
dominantly inherited receptor in the host, was studied after slaughter in 
approximately 600 crossbred pigs. Adhesion between epithelial cells obtained 
from different parts of the small intestine and E .co L L  KSS occured in about 
40% of the pigs studied.

The results indicate that there are differences in performance of pigs be
longing to the two phenotypes (receptor - no receptor) which are discussed.
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ZUSAMMENFASSUNG

Ein entscheidender Ansteckungfaktor bei enterotoxinbiIdenden Stammen von 
E.coJLL ist die Fahigkeit an den Epithelzellen des Dunndarms anzuheften.
Die Haftfahigkeit von E.coJU. KSS die durch einen dominant vererbten Darm- 
zellenfaktor erleichtert wird, wurde bei etwa 600 Schlachtschweinen unter- 
sucht. Bei Liber 40% der Schweine wurde eine Anheftung zwischen den Epithel
zellen des DUnndarms und den E .coLL  KSS Organismen gefunden.

Die Resultate andeuten dass Schweine von den zwei Phanotypen (Rezeptor - 
kein Rezeptor) verschiedene Produktionsleistung haben.

RESUMEN

Un importante factor de virulencia de la enterotoxica E .c o i- t  es su capacidad 
de adherirse a las celulas del epitelio en el intestino delgado. La adhesiofi 
de E .coL l  KSS al intestino delgado, lo cual es favorecido por un caracter 
hereditario dominante en el huesped, fue estudiado en alrededor de 600 cer- 
dos hibridos, despues de muertos. La adhesion de la E .c o tc  a las celulas del 
epitelio en diferentes partes del intestino delgado ocurrio en alrededor del 
40% de los cerdos estudiados.

Los resultados indican que hay diferencias en el desempeffb de los cerdos 
pertenecientes a los dos fenotipos (receptor - dador) los cuales son 
discutidos.

REFERENCES
Arbuthnott, J.P. & Smyth, C.J. 1979. In Adhesion of Microorganisms to surfaces 

(ed. D.C. Ellwood, J. Melling & P. Rutter), 165-198. London.
Barr, A.J., Goodnight, J.H. & Sail, J.P. 1979. SAS User's Guide (ed. J.T.

Helwig & K.A. Council). SAS Institute, Raleigh.
Gibbons, R.A., Sellwood, R., Burrows, M. & Hunter, P.A. 1977. Theor. Appl. 

Genet. 51, 65-70.
Jones, G.W. & Rutter, J.M. 1972. Infec. Immun. 6, 918-927.
Nagy, B., Moon, H.W. & Isaacs,on, R.E. 197/. Intec. Immun. 16, 344-352. 
Petersson, H. 1980. Interaction between genotype and nutrient densi ty level 

in production and carcass traits in pigs. (Preliminary results). F-ranco- 
Swedish Symp. on Monogastric Animals, Sept. 28 - Oct. 4, l98'J.

Rutter, J.M., Burrows, M.R., Sellwood, R. & Gibbons, R.A. 1975. Nature 257, 
135-136.

Sellwood, R. 1979. Vet. Rec. 105, 228-230.
Sellwood, R., Gibbons, R.A., Jones, G.W. & Rutter, J.M. 1975. J. Med.

Microbiol. 8, 405-411.
Smith, H.W. & Huggins, M.B. 1978. J. Med. Microbiol. 11, 471-492.
Smith, H.W. & Linggood, M.A. 1971. J. Med. Microbiol. 4, 467-486.
Snodgrass, D.R., Chandler, D.S. & Makin, T.J. 1981. Vet. Rec. 109, 461-463.

394


	D14-THE INTESTINAL RECEPTOR FOR E. COLI K88 IN RELATION TO PERFORMANCE OF SW YORKSHIRE x SW LANDRACE PIGS
	Inger EDFORS-LILJA
	Harald PETERSSON
	Bo GAHNE




