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A total of 359 hemolytic Escherichia coli strains, representing eight pig
pathogenic serotypes and isolated from pigs with enteric disease, was tested for
transferable resistance to eight antibiotics. The co-transfer of plasmids con-
trolling hemolysin production (Hly) with antibiotic resistance plasmids (R-fac-
tors) was evaluated. Transferable resistance to tetracycline, streptomycin,
and/or sulfonamides was found in 47% of the total number of strains and 80%
of the resistant ones. Chloramphenicol resistance was seldom seen. Co-transfer
of Hly with R-factors occurred in 22.5% of the strains, generally to a degree
excluding a genetic linkage. Stable coexistence of two R-factors in a cell was
indicated by transfer patterns in 29 of the strains.

Resistance to various antibiotics in Esche-
richia coli is very often controlled by plasmids-
R-factors (22). They are generally conjugative,
but nonconjugative R-factors exist (2). Produc-
tion of a-hemolysin may also be plasmid borne
(15), but the genetic information can be found
on the chromosome as well. Plasmids con-
trolling a-hemolysin production are named Hly
factors. Like R-factors they can be either con-
jugative or nonconjugative (17).

R-factors present major problems in the
treatment of acute diseases with an E. coli
etiology, such as neonatal and postweaning
diarrhea in pigs. The hemolytic phenotype is
also common among strains isolated from such
cases, especially from postweaning diarrhea (4,
18). Therefore, production of hemolysin was
earlier believed to indicate pathogenicity, but
according to more recent investigations (17) it
does not seem to play any decisive role in the
etiology ofE. coli diarrhea.
As E. coli strains from diseased pigs often

show both the antibiotic resistant and the
hemolytic phenotype, an investigation with a
dual purpose was started, first, to evaluate the
incidence ofconjugative R-factors in pathogenic
serotypes and, second, to examine whether the
degree of coinheritance of Hly with various
R-factors would suggest a genetic linkage.

MATERIALS AND METHODS
Strains. The material consisted of 359 hemolytic

E. coli strains isolated from pigs less than 12 weeks

old, the carcasses of which were autopsied at the
State Veterinary Serumlaboratory. Hemolytic
colonies cultured from the jejunal contents of the
pigs were serotyped after biochemical identification
as E. coli. The strains represented the following
eight O:K types: 0149:K91, 0147:K89, 0141:K85ab,
0141:K85ac, 0139:K82, 0138:K81, 045:K?, and
08:K87. They were not tested for the presence of
the plasmid-determined K88 antigen. The strains
were not in contact with antibiotics during isolation;
determination of resistance patterns took place in
this department less than 4 weeks after isolation
and serotyping. Strains carrying resistance markers
were tested for donor ability in conjugation experi-
ments with a K-12F- lac- nal' Hly- recipient strain.
A rifampin-resistant mutant (rift) of E. coli K-12
HfrH was used as a recipient when markers subse-
quently were transferred from K-12 F-. The anti-
biotic resistance genes of both K-12 strains were
chromosomally located. All wild-type donor strains
fermented lactose. The nomenclature used is that
recommended by Demerec et al. (5).

Media. Penassay broth (Difco) was used for con-
jugation experiments, and McConkey agar (Oxoid)
containing the appropriate antibiotics was applied
in selection plates. Resistance patterns before and
after conjugation were determined on DST agar
(Oxoid) by means of Multodisk (Oxoid, code 1744 E)
containing the following antibiotics: ampicillin,
streptomycin, compound sulfonamides, tetracycline,
chloramphenicol, furazolidone, neomycin, and
nalidixic acid. Production of hemolysin was investi-
gated on Penassay agar (PA) medium with 5% calf
blood. The PA medium was composed of Penassay
broth with the addition of 1.5% agar (Difco). Strains
were kept in stock culture agar (Difco).
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Antibiotics. All antibiotics applied in selection
plates were dissolved in sterile distilled water, ex-
cept chloramphenicol where a sterile borate buffer
was used as solvent (sodium borate, 3.4 g; boric
acid, 14.1 g; water to 1,000 ml). The concentrations
of the antibiotics in the selection plates were as
follows: sodium nalidixate, 20 jtg/ml; dihydrostrepto-
mycin sulfate, 12.5 ,ug/ml; tetracycline, 12.5 or 10
,ug/ml; rifampin, 250 ,ig/ml; and chloramphenicol,
12.5 Ag/ml. All antibiotics were of reagent grade
purity. Because of difficulties with contra selection
of the recipient when the donor was found to be
sulfonamide resistant, sulfonamides were not in-
cluded in the selection plates. Transfer of sulfon-
amide resistance (Su) was only recorded when Su
was coinherited with streptomycin (S) or tetracycline
resistance (T). This means that Su was recorded
merely as an unselected marker.

Conjugation. Broth cultures of donor and recipi-
ent strains were grown overnight at 38 C. They
were subsequently transferred to 10-ml amounts of
fresh broth in a donor-recipient ratio of 1:5 and
grown in a shaking water bath for 3 to 4 h. A sample
from each tube was spread on McConkey plates
containing sodium nalidixate or rifampin and one
of the antibiotics to which the donor was found
resistant. Both the donor and the recipient strain
were tested for ability to grow on the selection plate
used for the mating mixture to exclude mistakes.
Whenever the donor was resistant to more than one
of the above mentioned antibiotics, each marker was
selected separately to see if transfer occurred inde-
pendently of the selecting antibiotic.

Transfer of resistance patterns to E. coli K-12 F-
was verified by examining three single colonies from
each selection plate. When discrepancies were found
between the resistance patterns of the three trans-
conjugants, 100 to 200 single colonies from the
respective selection plates were replicated (10) on PA
plates containing the appropriate antibiotics. This
procedure was not used for Su markers since the
possible presence of sulfonamide inhibitors in the
media might blir the results. When resistance
markers were not transferred in the first conjuga-
tion experiment, the cross was repeated on a cello-
phane membrane (3). This method allowed detection
of transfer at frequencies lower than those detecta-

ble by the broth conjugation method (11, 12).
Test for coinheritance of Hly with R factors.

From each selection plate 50 to 100 single colonies
were point inoculated on PA containing 5% calf
blood and incubated overnight at 38 C before read-
ing.

RESULTS
In the present material each of the serotypes

0149:K91, 0138:K81, and 08:K87 was repre-
sented by approximately 80 strains, whereas
0147:K89, 0139:K82, and 045:K? each com-
prised less than 20 strains. From Table 1, it
appears that resistance (except in types 0139
and 045) was found in 53 to 74% of the strains
and in the majority of the cases was governed
by R-factors. It is possible that even greater
percentages of R-factor-carrying strains (col-
umns 4 and 5, Table 1) would have been found
if attempts of plasmid mobilization had been
made. The only criterion for plasmid-borne
characters applied in the present work, how-
ever, was transmission to E. coli K-12 F-.
The distribution ofthe observed transmissible

resistance patterns among serotypes is listed in
Table 2. Most of the patterns involved com-
binations of tetracycline, streptomycin, and
sulfonamide resistance, although monoresist-
ance to tetracycline also occurred in several
strains. Chloramphenicol resistance was rarely
observed, did not occur separately, and was
always transmissible. None of the strains
proved resistant to ampicillin, neomycin, or
furazolidone.
The co-transfer of Hly with various R-factors

appears in Table 2, columns 3 and 4. Only 38
out ofthe 169 R-factor-harboring strains (22.5%)
showed transmission of Hly as an unselected
marker (this is biased upwards by 11 0149
strains carrying the SSuC markers, because
they came from the same herd). The frequency
of co-transfer within strains was often low; in
most matings less than 20% of the examined

TABLE 1. The incidence of transferable and nontransferable antibiotic resistance in enteropathogenic E. coli
serotypes

No. of Resistant Resistant R+ strains R R
O:K type Ns stans strains/total no strains/resistant strains/totalstrains strains no. strains (%) no. strains (%) strains (%)

0149:K91 80 59 74 52 88 65
0147:K89 7 5 71 4 80 57
0141:K85ab 54 33 61 19 58 35
0141 :K85ac 32 17 53 9 53 28
0139:K82 8 0 0
0138:K81 79 42 53 37 88 47
045:K? 19 3 16 2 67 11
08:K87 80 52 65 46 88 58
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TABLE 2. R-factors and Hly plasmids demonstrated in E. coli of the foUowing antigenic types

Co-inh of Hly with R Co-inh of Hly with R
O:K type Resistance patterna No. of strains (no. of strains) Hly colonies/100 R+

colonies

0149:K91 SSuT 11 NF NFa
SSuC 11 llb 10-15
SSu 16 NF NF
ST 6 NF NF
T 8 1 1

0147:K89 SSuT 2 NF NF
ST 2 NF NF

0141:K85ab SSuT 9 4 2-8
SSu 4 NF NF
ST 3 1 97d
S 1 NF NF
T 2 2 11-26

0141:K85ac SSuT 1 NF NF
SSuC 2 NF NF
SSu 3 NF NF
ST 1 NF NF
T 2 NF NF

0138:K81 SSuT 2 1 36

SSu 6 4 60 (3)
ST 2 NF NF
T 27 9 1-8

045:K? SSuT 1 NF NF
T 1 NF NF

08:K:87 SSuTC 2 NF NF
SSuT 15 6 33-59
SSu 17 NF NF
ST 7 2 83-88
T 3 1 50
S 2 NF NF

a Streptomycin resistance; C, chloramphenicol resistance; Su, sulfonamide resistance; and T, tetracycline
resistance.

b From the same herd.
C NF, No co-transfer found.
d Only 20 to 35 colonies were available for testing after each conjugation because of low transfer

frequencies.

transconjugants carried Mly. In a few cases,
however, co-transfer of Hly took place at fre-
quencies from 83 to 100%. The high co-transfer
frequency was often found in conjugation ex-
periments where the cellophane membrane
method was applied, because the transfer fre-
quency of the prospective R-factor was too low
to be detected by the broth conjugation method.
The plasmids from two of the three strains

which co-transferred Hly 100% with the R-
factor were transmitted from K-12 F- nalr to
HfrH rif to see whether Hly and the SSu
resistance markers would occur separately in
the new recipient. All out of 30 single colonies
in one strain and 21 out of 22 in the other
strain were hemolytic after selection for strepto-
mycin. These results suggest that Hly and SSu
are located to the same plasmid, but conclusive

evidence cannot be obtained until transduction
experiments have been performed.

Unselected resistance markers were gen-
erally co-transferred 100% with each other,
suggesting that the markers were on the same
plasmid, but in 29 strains transfer patterns
indicated the presence of more than one R-
factor.

DISCUSSION
In spite of the ban on therapeutic antibiotics

in feedstuffs, effective in Denmark by 1 March
1971, the incidence of antibiotic resistance in pig
pathogenic E. coli types is rather high. It was
found to vary from 74% in the 0149 strains to
16 and 0% in the 0139 and 045 strains. These
results are of the same magnitude as those
reported from Ireland (19), but the latter in-
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vestigation did not include any statement on
transferable resistance. R-factors were carried
by 47% of the total number of strains in the
present material or 80% of the resistant ones.
The incidence of R-factors in resistant strains
is thus twice as high in our material as the
one found by Larsen and Larsen (9) and Jorgen-
sen (Ph.D. thesis, Royal Veterinary and Agri-
cultural Univ., Copenhagen, 1974) in healthy
Danish pigs of the same age (40%). Presumably
our results reflect the situation in "problem
farms" only, i.e., farms with repeated out-
breaks of disease and frequent treatment with
antibiotics.
The variation in R-factor incidence between

serotypes seen in Table 1 appears to be more
or less random, reflecting their varying occur-
rence among diseased pigs (4) and the following
unequal exposure to antibiotics.

Exact information about administration of
antibiotics could seldom be obtained, but when
available it was in agreement with at least
one of the resistance markers in the strains.
Apart from a few cases of chloramphenicol
resistance, only T, S, and Su determinants
were found. This is in accordance with findings
in healthy Danish pigs (9, 21; Jorgensen, Ph.D.
thesis). The same markers are found on R-
factors in strains from healthy and diseased
pigs throughout the world (1, 6, 15), but fre-
quently accompanied by ampicillin and chlor-
amphenicol resistance (7, 8).
Although R-factors were demonstrated in

most of the resistant strains in this investiga-
tion, co-transfer of antibiotic resistance and
a-hemolysin production was not frequent. The
hemolytic character was seldom transferred
from our strains, either because the hemolysin
production in most strains was not coded for by
a plasmid or because Hly transfer can%be de-
tected only when occurring at a high rate, due
to lack of a sensitive selection technic (16). A
third possibility is that hemolysin production
was controlled by nontransmissible plasmids
that could not be mobilized by the resistance
transfer factor.

Co-transfer of R- and Hly-plasmids seems to
be a rare phenomenon. Smith and Linggood
(16) transferred R-factors from 30 enteropatho-
genic, a-hemolytic pig strains without finding
one single hemolytic transconjugant. Similar
results were obtained by Smith and Gyles (14),
who failed to show linkage between Hly and
two R-factors from naturally occurring strains.
In a Polish investigation (20), co-transfer was
reported of T and Hly and a determinant for
colicin production (col) in 6 of 12 strains. Hly
and col and T and col were also jointly trans-

ferred, but Hly and T were not. It was con-
cluded that the resistance marker and Hly were
transferred as two independent events.
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