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OLSVIK, Q. and K. FOSSUM: Enterotoxigenic Escherichia coli in
the jejunum of piglets with neonatal diarrhea. Acta vet. scand. 1984,
25, 21—28. — Thirty-two Escherichia coli colonies were taken from
the (Prlmary step of cultivation of the jejunal contents of each of 10
dead piglets whlch had suffered from diarrhea. The organisms of each
colony were examined for the presence of adhesion fimbria (F4 (K88)
and F5 (K99)), production of heat-stable and heat-labile enterotoxin
and of colicins.

The presence of heat-labile enterotoxin in the intestinal content
of the necropsied pigs was also tested, and results correlated with
enterotoxin production of the isolated E. coli strains. In all but 3 pigs,
50—80 % of the E. coli strains were found to produce one or both of
the enterotoxins and to possess the F4 of the F5 antigen. All bacteria
producing both heat-labile and heat-stable enterotoxin proved to be-
long to O group 149 and to possess the F4 antigen. Strains from 1 pig
belonged to O group 64 amfpossessed the F5 antigen; these bacteria
produced heat-stable enterotoxin only. Most of the enterotoxin-pro-
ducing E. coli also produced colicins.

After each subcultivation, the strains produced less heat-labile
enterotoxin, some becoming negatlve when assayed.

Escherichia coli; enterotoxins; adhesins.

Enterotoxigenic strains of E. coli inducing diarrhea, usually
possess the ability to adhere to the intestinal surface and to pro-
duce enterotoxins (Satterwith et al. 1978, Bdick et al. 1980, DeBoy
et al. 1981, Lund et al. 1982, Gaastra & Graaf 1982). The adhesive
fimbria of E. coli are now regarded as cellular antigens and called
F antigens. Thus the K88, K99 and 987P fimbria are now desig-

* This investigation was supported by the Agricultural Research
Council of Norway.
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nated F4, F5 and F6, respectively (@rskov & @rskov 1983). The
genetic information coding for adhesion and enterotoxin produc-
tion is plasmid mediated (except for F6 which is of chromosomal
nature) and is found in E. coli strains of different O groups.
Strains of some O groups seem, however, to be more commonly
associated with enterotoxicity than others. This is especially true
for strains of porcine origin (Smith & Huggins 1977, Williams
et al. 1977, McDonnell et al. 1981, Franklin et al. 1981, Lund et al.
1982).

The frequency with which E. coli strains with adhesion
fimbria and enterotoxin production are found in piglets suffering
from neonatal diarrhea, is important for diagnostic work. In the
light of reported loss of such properties (Bdck et al. 1980), the
number of subcultivations before examination for these factors
seems to be of interest.

The aim of this study was to investigate the proportion of
E. coli strains possessing the various virulence factors, which
are present in the jejunal content of piglets dying from diarrhea,
and to investigate the loss during subcultivation of heat-labile
enterotoxin production by the originally LT-producing strains.

MATERIALS AND METHODS

Bacterial strains

Thirty-two single colonies identified as lactose positive E. coli
according to the criteria of Edwards & Ewing (1972) were iso-
lated from each of 10 piglets. The animals, which were 1—3
days old, were from different herds, and had suffered from
diarrhea. The dead animals were sent to the National Veterinary
Institute, Oslo, where the necropsies were performed 1—3 days
post mortem. The jejunal contents were kept at —20°C for a
maximum period of 2 months before inoculation onto bromthy-
mol blue lactose agar plates. The term “strains” is used hereafter
to describe the organisms originating from each of the 32 single
colonies tested from each pig. The strains were examined for F
antigens and enterotoxins after the first cultivation step after
primary isolation. All enterotoxin positive strains were sub-
cultivated once, twice or 3 times on lactose agar plates, with three
days storage at 4°C between each cultivation, before broth cultiva-
tion for examination of toxin production as described by Olsvik
et al. 1982. Some strains were kept on deep agar for 5 months
and then cultivated and tested for enterotoxin production.
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O and F antigen determination

All enterotoxin producing strains were tested for the O group
64 and 149 antigens by the tube agglutination method (Séderlind
1971) and for the presence of F4 and F5 by the slide agglutination
method (@rskov & @rskov 1983). The strains were cultivated
overnight on lactose agar plates for production of F4 and on
Minca agar plates (Guinée et al. 1977) for production of F5.

Colicin testing

Production of colicin was tested by the agar plate method
(Franklin et al. 1981), using 2 generally sensitive E. coli strains
(ROW and 185NX) *.

Enterotoxin testing

A 4-layer enzyme-linked immunosorbent assay (ELISA) (Ols-
vik et al. 1982) was used for detection of heat-labile enterotoxin
in the TSB growth supernatants (after 1, 2, and 3 extra lactose
agar plate passages) and in sonicated extracts from the intestinal
contents (Olsvik et al. 1982, Olsvik & Fossum 1982, Olsvik &
Kapperud 1982, Olsvik & Berdal 1982).

The infant mouse assay was used when testing for the pre-
sence of heat-stable enterotoxin using TSB growth supernatants
(Dean et al. 1971).

RESULTS

Heat-labile enterotoxin was found in the jejunal contents of
6 pigs. E. coli strains producing heat-labile and heat-stable ente-
rotoxins were detected in the same 6 pigs (no. 1—6) (Table 1).
In the jejunal content of 1 pig (no. 7) strains producing heat-
stable enterotoxin only were found. Neither toxin nor enterotoxin
producing E. coli strains were found in the jejunal contents of
pig 8, 9 and 10 (Table 1).

E. coli strains producing LT, ST and F4 fimbria were isolated
from the 6 piglets (no. 1-—6) in which LT was detected in the
jejunum. Between 16—30 of the 32 E. coli strains tested from
each pig possessed these virulence factors. These strains all be-
longed to O group 149. Strains belonging to O group 64 were
found in 1 pig (no. 7), these possessed the F5 antigen and pro-
duced heat-stable enterotoxin only (Table 1).

* The strains were kindly supplied by E. Liven, National Veter-
inary Institute, Oslo.
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Table 1. E. coli heat-labile enterotoxin detected directly in the

jejunal content compared with production of heat-labile (LT), heat-

stable (ST) enterotoxin, F4:0149 and F5:064 antigens and colicin by
320 E. coli strains isolated from 10 pigs.

Pig no. LT in the jejunal Number of strains possessing

content 0149 :F4 064:F3 LT+ ST Colicins None?2
1 + 30 0 30 24 2
2 -+ 16 0 16 16 5
3 + 25 0 25 28 2
4 + 30 0 30 16 2
5 + 28 0 28 20 1
6 + 26 0 26 19 3
7 — 0 25 25b 21 1
8 — 0 0 0 0 32
9 — 0 0 0 0 32
10 — 0 0 0 0 32

a None of these factors.
b Heat-stable enterotoxin only.

Of the 224 E coli strains isolated from 7 pigs (no. 1—7), 180
(80 %) were classified as possibly enteropathogenic, possessing
adhesion factors and the ability to produce enterotoxin. Most of
these strains also produced colicin, although this property was
not strictly limited to the enterotoxigenic strains. Colicins were
produced by 64.3 % of the strains isolated from pigs no. 1—7,
but were not found at all in strains isolated from pigs no. 8—10.

Figure 1 shows the distribution of the 155 LT positive strains
according to LT production (quantified by ELISA) after 1, 2 and
3 passages on lactose agar plates. After 2 passages, 142 strains
out of 155 were still positive for LT, while after 3 passages, only
129 of the 155 originally positive strains produced detectable
amounts of LT. It should be emphasised that most of the strains
produced less LT after subcultivation. Some high producing
strains, however, produced large amounts of LT even after several
passages, and when tested after 3 months of storage.

DISCUSSION
It appears that E. coli strains belonging to O groups 149 and
64 associated with the adhesion fimbria antigens F4 and F5
respectively, are those mainly responsible for E. coli diarrhea in
pigs in Norway at the present time (Lund et al. 1982).
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Figure 1. Distribution of 155 heat-labile enterotoxin positive
strains, according to the heat-labile enterotoxin production as detected
by ELISA in TSB (OD>0.10) after 1 ( ), 2 (----- )and3 (...... )
passages on lactose agar plates. Of these strains 142 were positive after
2 cultivation steps and 129 positive after 3 cultivation steps. Arrow a
indicates the limit of positivity (OD>0.10), and arrows b indicate the
number of strains which appeared to show stable heat-labile entero-
toxin production.

For diagnostic purposes, it is important to determine the
frequency in which enterotoxigenic E. coli strains are found in
the intestines of pigs dying from diarrhea. The present results
indicate that 50—80 % of the E. coli isolated from pigs with
heat-labile enterotoxins in the jejunum contents, possess adhesive
fimbria and produce enterotoxins. Reis et al. (1982) investigated
E. coli strains isolated from the faeces of patients (5—10 strains
from each) for enterotoxins, and Morris et al. (1976) investigated
4 lactose positive and 1 lactose negative E. coli strain (isolated
from faeces) in a large methodological evaluation test.
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One should probably expect that the adhesin-producing
strains would predominate in the jejunal content even more than
the present investigation indicates. The explanation may be that
these strains possess other unknown adhesion factors, or that
the growth of nonadhering organisms is more favourable than
of the adhesive ones in the intestines after the death of the
animals.

All strains of O group 149 possessed F4 antigen and produced
both enterotoxins, while all the strains of O group 64 possessed
the F5 antigen and produced the heat-stable enterotoxin only.

The amount of extracellular LT produced by these E. coli
strains was reduced during extra subcultivation steps. Some
strains which produced LT after the first cultivation step became
negative according to the ELISA test after further subcultiva-
tions. Too many subcultivations should therefore be avoided be-
fore testing for LT production. Some of the strains seemed, how-
ever, to show stable LT production. Evans et al. (1977) divided
enterotoxigenic E. coli strains into different groups according to
the stability of enterotoxin production, and it seems that O group
149 may encompass both stable and unstable LT-producing
sirains.

Direct demonstration of toxins or adhesion fimbria is to be
preferred, though sensitive methods are then required. ELISA
has been used for the direct detection of heat-labile enterotoxin
in intestinal content (Olsvik & Fossum 1982), and for detection
of F5 in faeces of pigs (Ellens et al. 1979).

Reduced LT production could be due to a high percentage
of strains in the culture lacking plasmids coding for LT produc-
tion, or may be simply the results of the strains producing less
LT. The latter situation could possibly be induced by culture
conditions.
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SAMMENDRAG

Frekvens og diagnostikk av enterotoksigene Escherichia coli
i tynntarmen hos gris dgde av diare.

Tretti-to kolonier av Escherichia coli ble isolert fra tynntarmen
pa hver av 10 dgde grisunger og undersgkt med hensyn pa spesifikke
fimbrier, colicin og enterotoksin-produksjon. Tarminnholdet ble ogsé
undersgkt direkte for tilstedevaerelse av termolabilt enterotoksin (LT).
Fra 4 dyr fant en ingen enterotoksin produserende E. coli, hos 6 dyr
fant en LT i tynntarminnholdet, og ca 80 % av E. coli koloniene var
enterotoksiske for bade LT og ST (termostabilt toksin). Disse bakte-
riene hadde ogsd adhesjonsfimbrien F4 (K88) sammen med O antigen
149. En gris hadde E. coli med O antigen 64 og adhesjonsfimbrie F5
(K99). Disse dannet ikke LT, kun ST. De fleste enteropatogene E. coli
var ogsd colicin-produsenter. Etter subkultiveringer produserte stam-
mene mindre LT, og noen som opprinnelig var positive ble etterhvert
negative. Noen stammer forble imidlertid hgyprodusenter av LT, selv
etter mere enn 3 passasjer.
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