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ASPECTS OF GENETIC RESISTANCE TO K88 E.COLI IN PIGS 

Aspectos de la resistencia heriditaria a la E.coli K88 en cerdos

J R Walters* 
R Sellwood**

International field data suggest that up to one out of every four piglets dies 
before weaning. After accounting for stillbirths, crushing and piglets that 
die because they don't get enough to drink or are too weak to battle for 
survival, most of the remainder die of scours. In the first week of life most 
scours are caused by Escherichia coll. There are about 180 strains of 
different 'O' serotypes which can be typed and recognised very precisely, but 
only a few of these cause problems. What happens is that the bacteria produce 
toxins, which cause the piglets intestines to secrete large volumes of fluid, 
resulting in diarrhoea and dehydration, often leading to death. Data have 
suggested that up to 50% of these scour deaths are caused by the K88 type
E.coli, accounting directly for the deaths of about 150 thousand piglets per 
year in the UK and over 10 million worldwide.

Field observations have suggested that only some litters are affected while 
others remain healthy even though they are reared alongside litters with K88 
scour. Similarly, it has been observed that the progeny from certain boars 
are more susceptible.

Research at the Institute for Research on Animal Diseases, Compton, UK has 
revealed the following:

1. In order to cause diarrhoea in the neonatal pig the bacteria have to stick 
to the gut wall. In the majority of cases this is due to a substance 
called K88 on the surface of the bacteria, which combines with a receptor 
on the intestinal wall of the pig.

2. Some pigs do not possess this receptor, and the bacteria - even if they 
have K88 - do not stick to the intestinal wall. No attachment means no 
disease, so these animals are resistant to infection by K88 E.coli.

3. The non-adherent character is inherited as a simple Mendelian recessive 
(one locus, two alleles with adhesion being dominant over no adhesion).

* Masterbreeders (Livestock Development) Ltd, Pig Improvement Centre, Hastoe, 
Tring, Herts, UK.

** Institute for Research on Animal Diseases, Compton, Nr Newbury, Berks, UK.
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Because there appear to be no distinctive serological or biochemical 
differences between susceptible and resistant animals, identification of 
recessive stock depends on typing the intestinal cells for resistance to K88. 
Until the recent perfection of biopsy techniques (Sellwood, unpublished data; 
Snodgrass, Chandler and Makin, 1981) this required the slaughtering of 
progeny.

When a litter is 100% resistant the parents are homozygous recessive 
(resistant). The mating of unknown animals to these known resistant animals 
results in one of the three possible litter types - all piglets resistant, in 
which case the unknown parent is homozygous recessive; all piglets susceptible 
(unknown parent homozygous susceptible); or a mixed litter (unknown parent 
heterozygote). By this means stocks of known genetic make up have been built 
up and in two such herds it has been possible to observe the effect of 
clinical outbreaks of K88 bacteria on the different genotypes.

In the first herd, Sellwood (1979) reported that there had been many cases of 
neonatal diarrhoea in 18 out of 38 litters born in the same period. In eleven 
litters (100 piglets) E.coli strain 0?; K87; K88ac was isolated in large 
numbers from 62 piglets with diarrhoea. In seven litters (60 piglets) an 
E.coli strain possessing the 987P antigen was identified in 26 piglets with 
diarrhoea.

The diarrhoea associated with the K88-positive E.coli strain developed very 
rapidly, usually one or two days after birth and most of the piglets died 
within 24 to 48 hours after the first signs of scouring. However, the 
diarrhoea attributed to the 987P E.coli strain developed at any time within 
the first two weeks of life and was much less severe than the K88 associated 
scours. The piglets usually recovered within two to three days after the 
onset of diarrhoea and mortality was low (see Table 1).

Table 1: Mortality of piglets before weaning attributed to various causes.

Mortality %
Total With diarrhoea

Diarrhoea/K88 + E.coli 12.7 74.2
Diarrhoea/987P E.coli 0.8 11.5
Unviable 1 day (rolled on, etc) 1.9 -

Other 1.4 -
Total 16.8 55.7

Table 2 shows the incidence of diarrhoea attributed to the two E.coli strains 
together with the mortality in the various progeny groups according to the 
genetic make-up of the sire and dam.
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Table 2: Incidence of diarrhoea and mortality in progeny from different types 
of mating.

Mating Litters Born Diarrhoea Diarrhoea Deaths
o" ^

SS ss 8 64 11%* 0
ss ss 4 45 0 0
S S S S 15 153 12%* 2%
ss ss 4 32 100%** 69%
Ss ss 7 68 44%** 35%

* Diarrhoea attributed to the 987P E.coli strain 
** Diarrhoea attributed to the K88-positive strain 
S Dominant allele conferring susceptibility 
s Recessive allele conferring resistance

In the second herd, Walters and Hooper (1982) reported the results from 
contemporary sow and piglet records collected from a total of 63 litters where 
the genetic make-up of the parents was known. Table 3 shows the performance 
results.

Table 3: Sow and Piglet performance in different mating groups

Sire Dam No. litters No. born 
alive

No.
Weaned

Mortality
%

Piglet 
birth wt

Piglet 
wean wt

S S S S 15 10.40 9.00 13.5 1.46 5.75
ss ss 17 9.41 8.53 9.4 1.71 5.88
ss S S 20 10.70 8.45 21.0 1.43 5.43
S S ss 11 10.45 8.82 15.7 1.61 5.73

There were no significant differences between the four groups for numbers born
alive, numbers weaned, piglet birth weight or piglet weaning weight. Table 4 
shows the breakdown of piglet deaths in the four groups.

Table 4: Breakdown of piglet mortalities by mating group.

Sire Dam Mortality % Total Deaths Crushed Weak Scour Other

S S S S 13.5 21 5 12 0 4
SS ss 9.4 15 8 5 0 2
ss S S 21.0 45 13 14 10 8
S S ss 15.7 18 6 10 0 2

In both the reported disease outbreaks the only apparent scour deaths 
attributed to K88 E.coli occurred in the heterozygous piglets born to a 
resistant mother and sired by a susceptible boar.
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These results suggest that:

The resistant piglet is unaffected by natural infection with K88 E.coli. 
Passive maternal protection is important in the protection of susceptible 
piglets to diarrhoea. If this protection is not forthcoming, as is the case 
of susceptible litters born of resistant dams, the disease is severe and 
mortality high. Therefore, it appears that the sole use of resistant boars 
within a herd would prevent any K88 scour since the only susceptible progeny 
produced would be born to susceptible dams.

In an attempt to find if there are differences in performance between the 
three genotypes a small group of contemporary boar pigs were placed on 
performance test with individual feeding facilities. The test began at 32 kg 
( + 2  kg) and ended at 91 kg ( + 5  kg). Feeding was at 90-95% of ad lib.
Fat measurements were taken at the end of test at six sites - shoulder 
(mid-line), loin (mid-line), P2 right (6.5 cm off mid line on right side above 
the last rib), P2 left, F2 right (6.5 cm off mid line on right side, 7.5 cm 
forward of the fattest point in the loin in the mid line) and F2 left. The 
mean of the last four measurements was termed the 'F' measurement. Table 5 
shows that there were no significant differences in performance between 
homozygous dominant, heterozygote and homozygous recessive pigs.

Table 5: Performance results for the three genotypes of pig.

Genotype Gain on test F.C.R. Shoulder Loin »F* No.
(gm/day) (mm) (mm) (mm)

SS 1002 + 146 2.47 + 0.50 37.6 + 2.6 21.5 + 1.7 17.2 + 1.5 25
Ss 1022 + 101 2.61 + 0.33 37.7 + 2.1 22.0 + 2.0 16.6 + 1.6 30
S S 985 + 77 2.67 + 0.23 38.5 + 3.3 22.5 + 1.1 17.0 + 1.6 26

At present there is little published information on the gene frequencies, 
though herd-typing in UK herds has shown a range from 9.1% to 90% for the 
incidence of homozygous recessive pigs. Taking these two extremes, together 
with a mid-value of 0.50, Table 6 shows the 'K88 status' of the offspring by 
percentage in such herds assuming Hardy-Weinberg equilibrium.

Table 6: 'K88 status' in herds with various gene frequencies.

Frequency of homozygous recessive
0.091 0.50 0.90

Genetic resistance % 9.10 50.00 90.00
Protected by colostrum % 84.55 35.35 5.39
Unprotected % 6.35 14.65 4.61

The effect of using homozygous recessive boars only in these three herd types 
over three generations is shown in Table 7, assuming random selection of 
females and no differences in performance between the three pig types.
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Table 7: Effect on 'K88 status' through sole use of homozygous recessive boars 
over three generations of selection.

Initial frequency 0.091 0.50 0.90
(homozygous recessive) 
Generation 1 2 3 1 2 3 1 2 3

Genetic resistance 30.2 54.9 74.1 70.7 84.1 91.7 94.7 97.3 98.6
Protected by colostrum 69.8 45.1 25.9 29.3 15.9 8.3 5.3 2.7 1.4
Unprotected 0 0 0 0 0 0 0 0 0

These figures show that the unprotected piglets can be 'removed' by the use of 
homozygous recessive boars for one generation of breeding and thereafter the 
numbers of piglets genetically resistant to K88 E.coll can be further 
increased through the use of such boars.

To cause neonatal scour in the pig K88 E.coli bacteria have to stick to 
the gut wall. Previous research has shown that an intestinal receptor is 
involved and that non-adherance is inherited as a simple Mendelian recessive. 
Two recent field experiences have confirmed that resistant piglets are totally 
protected, while passive maternal protection is important in the defence of 
susceptible pigs. Where neither of these protective mechanisms are available, 
as in the case of susceptible litters born of resistant dams, the disease is 
severe and mortality high. However, the data showed that the sole use of 
resistant boars would prevent any K88 scour since the only susceptible progeny 
produced would be born to susceptible dams. Gene frequencies vary greatly 
between herds and results are presented to show the piglet status in a range 
of herds. A small amount of data indicates no significant correlations 
between performance traits in the three genotypes, and the significance of 
this to future selection decisions is discussed.

A fin de causar la diarrea neonatal en los cerdos, las bacterias E.coli 
K88 deben adherirse a la pared intestinal. La investigacion previa ha 
demostrado que la infeccion supone un receptor intestinal y que la no 
adherencia puede ser heredada como una caracteristica mendeliana recesiva 
simple. Dos pruebas de observacion en el campo han confirmado que los 
lechones resistentes tienen una proteccion total, mientras que la proteccion 
materna pasiva tiene importancia en la proteccion de lechones susceptibles. 
Cuando no existe ninguno de estos mecanismos protectores, como en el caso 
de camadas susceptibles, paridas por madres resistentes, la enfermedad es 
grave y la mortalidad es alta. Sin embargo los datos han demostrado que 
se podria prevenir cualquier diarrea debida a E.coli K88 simplemente usando 
verracos resistentes ya que entonces los unicos lechones susceptibles serian 
aquellos par 1^3os por cerdas susceptibles, y estos animales proveen una 
proteccion~matirna pasiva a sus hijos. La frecuencia del gen en cuestion 
varia mucho de una piara a otra, y en esta ponencia se presentan los
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resultados para demostrar el estado de los lechones con referenda especiflca 
a esta enfermedad en un numero de piaras. Una pequena cantldad de datos 
demuestra que no hay nlnguna correlacion significantiva entre los tres 
genotlpos y las caracterlsticas de actuaclon (por ej. creclmiento). Se 
trata del significado que este resultado podria tener para las decisiones 
futuras en cuanto a la seleccion de los cerdos.
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