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The presence of conjugative R plasmids as well as the possible similarities among them were studied in nine
ampicillin-resistant Salmonella enteritidis isolates and nine ampicillin-resistant Escherichia coli isolates from
the normal fecal flora that were simultaneously isolated from nine epidemiologically unrelated outpatients. It
was found that in eight patients, ampicillin resistance in S. enteritidis was encoded by ca. 34-MDa transferable
plasmids very similar to those found in a recent study of the epidemiology of ampicillin-resistant S. enteritidis
in Greece (A. C. Vatopoulos, E. Mainas, E. Balis, E. J. Threlfall, M. Kanelopoulou, V. Kalapothaki, H.
Malamou-Lada, and N. J. Legakis, J. Clin. Microbiol. 32:1322–1325, 1994). Moreover, transferable R plasmids
with the same molecular size and restriction pattern were found in the normal flora E. coli of two of these
patients. This finding, if confirmed by further studies, is consistent with the hypothesis that normal flora E. coli
could act as a reservoir of resistant genes and, consequently, as a factor in the dissemination of these genes
among pathogens of human and animal origin such as Salmonella spp. and needs to be examined further.

During the last 6 years, a significant increase in the rate of
isolation of ampicillin-resistant Salmonella enteritidis clinical
strains has been noticed in Greece (27). In a recent study, this
increase in resistance was found to be due to the spread of
related 34-MDa R plasmids in a limited number of clones of S.
enteritidis phage type 6a (27). However, the ultimate source of
these Salmonella R plasmids and their possible relationship
with resistance determinants of the normal human flora were
not found.
In an attempt to study the role of the normal gut flora of

humans as a potential intermediate in the flow of resistance
genes among different genera of bacteria, the possible similar-
ities among the R plasmids harbored by S. enteritidis and nor-
mal flora Escherichia coli strains isolated from individual pa-
tients were investigated. Nine outpatients from two Athens
Hospitals (Penteli Children’s Hospital and Agia Olga General
Hospital), suffering from gastrointestinal illness caused by am-
picillin-resistant S. enteritidis and consequently found to carry
ampicillin-resistant E. coli in their feces, were selected for
further study. All patients were epidemiologically unrelated
and represented sporadic cases of food poisoning.
Ampicillin-resistant Salmonella and E. coli isolates were se-

lected by direct plating of fecal samples on ampicillin-contain-
ing (10 mg/ml) MacConkey agar plates, and all isolates were
identified by the API 20E test (API System, La Balme,
France). The identification of S. enteritidis was confirmed by
serotyping. For conjugation experiments, the E. coli K-12
strains 1R716 (Strr), 20R764 (Rifr), 26R793 (Rifr), and 14R525
(Nar) were used as recipients. E. coli 39R861, which harbors
plasmids of 98, 42, 23.9, and 4.6 MDa, was used for the esti-

mation of plasmid size (24). Antibiotic susceptibility was per-
formed by a disk diffusion method on Mueller-Hinton agar
(Oxoid Limited, Hampshire, United Kingdom) using the cur-
rent recommendations of the National Committee for Clinical
Laboratory Standards (1992) (15). Conjugation experiments
were carried out in broth as previously described (27).
Transconjugants were selected on MacConkey agar containing
ampicillin (10 mg/ml) and, depending on the recipient, strep-
tomycin (500 mg/ml) or rifampin (90 mg/ml) or nalidixic acid
(40 mg/ml). Plasmid DNA was extracted by an alkaline lysis
procedure described by Takahashi and Nagano (23). The iso-
lated DNA was analyzed on 0.7% agarose gels, stained with
ethidium bromide, and documented under UV illumination by
the BIO-PROFIL (Vilber Lourmat, Marne La Valle, France)
imaging analysis system.
Plasmid DNA was extracted from the transconjugants and

digested with restriction endonuclease EcoRI (Boehringer
Mannheim Biochemicals, Mannheim, Germany) according to
the instructions of the manufacturer. The digests were sub-
jected to electrophoresis through 0.8% agarose. HindIII di-
gests of bacteriophage lambda provided linear molecular size
markers. DNA-DNA hybridizations were performed with a
nonradioactive DNA labelling and detection kit (DIG DNA
Labelling and Detection Kit, Boehringer Mannheim Bio-
chemicals) under high-stringency conditions as previously de-
scribed (27). Plasmid pBR322 was used as the TEM-type b-lac-
tamase probe (17).
Ampicillin resistance was easily transferred at high fre-

quency to E. coli recipients from both S. enteritidis and fecal
flora E. coli in the case of five patients, whereas in three
patients ampicillin resistance was transferable only from S.
enteritidis (Table 1). In the last patient, ampicillin resistance
was not transferable from any isolate (Table 1). Susceptibility
tests showed that the transconjugants from both S. enteritidis
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and E. coli from all patients were resistant only to ampicillin,
except for one that originated from a fecal flora E. coli isolate,
which was also resistant to cotrimoxasol and tetracyclines (Ta-
ble 1).
Agarose gel electrophoresis of the transconjugants revealed

that in all S. enteritidis transconjugants, ampicillin resistance
was encoded by the ca. 34-MDa plasmid. Plasmids of the same
molecular size were found in transconjugants from normal
flora E. coli from three patients, whereas transconjugants from
the same species from two patients carried ca. 60-MDa plas-
mids (Table 1). Plasmid fingerprinting through cleavage pat-
terns generated after digestion with restriction endonuclease
EcoRI showed that the 34-MDa R plasmids from all of the S.
enteritidis transconjugants displayed extensive homology (Fig.
1). Moreover, very similar restriction patterns were displayed
by two of the three transconjugants originating from the nor-
mal flora E. coli (Fig. 1). Interestingly, these plasmids seem to
be very similar in their restriction pattern to the R plasmids
isolated in our previous study from S. enteritidis clinical isolates
in Greece (27) (Fig. 1). Hybridizations of the EcoRI restriction
fragments of the 34-MDa plasmids with the TEM-type probe
revealed the locus of the b-lactamase gene to be on a ca
6.6-MDa fragment in all S. enteritidis transconjugants and in
the two similar E. coli transconjugants (Fig. 2).
Although antibiotic consumption is believed to be the main

factor associated with the increase in antibiotic resistance in
human fecal flora in both outpatients and hospitalized patients
(12, 20, 21), animals could also be an important reservoir of
resistant bacteria (14). Evidence that strains of animal origin
can colonize the human gut has been demonstrated (13), and
transmission of resistant E. coli from animals to humans has
been shown to occur via the food chain (10, 11) or after direct
contact with livestock (9, 16). Similarly, the spread of antibi-
otic-resistant Salmonella strains from animals to humans has
previously been shown (8, 25).
In the present study, R plasmids with restriction patterns

very similar to the ones responsible for ampicillin resistance in
S. enteritidis in Greece (27) were found in the normal flora of
two of the nine patients studied.
The mechanisms of dissemination of resistance genes in

nature are complex, and direct evidence of in vivo transfer of
resistance or of the direction of this transfer is not available in
our study. Nevertheless, in cases where epidemiological asso-
ciation with a common exposure is absent, ampicillin resistance
plasmids in the normal flora E. coli are expected to be differ-

ent; ampicillin resistance in normal flora is found to be due
mainly to the independent acquisition of the TEM-1 gene by
different plasmids rather than to the presence of epidemic
strains or plasmids (20). Moreover, a diversity of R plasmids
encoding TEM-type b-lactamase is found in the fecal flora of
children in Greece and a 34-MDa plasmid was not identified in
any case (26). Similarly, many studies of the epidemiology of
ampicillin resistance in clinical isolates identified a wide distri-
bution of plasmids of many different types (1). In that respect,
the demonstration of similar plasmids among normal flora E.
coli and Salmonella isolates in epidemiologically unrelated pa-
tients, if confirmed by further studies, is consistent with the
hypothesis of in vivo transfer of resistance genes among Sal-

FIG. 1. EcoRI restriction enzyme patterns of the R plasmids isolated from S.
enteritidis and normal flora E. coli transconjugants. Lanes: 1 and 13, DNA of
bacteriophage l digested withHindIII; 2, the 34-MDa plasmid from our previous
study (27); 3, 5, 7, 9, and 11, restriction enzyme patterns of the 34-MDa plasmids
from Salmonella transconjugants from patients 1, 2, 3, 4, and 5, respectively
(Table 1); 4, 6, 8, 10, and 12, restriction enzyme patterns of the 34-MDa plasmids
from the normal flora E. coli transconjugants from patients 1, 2, 3, 4, and 5,
respectively (Table 1). It can be seen that the EcoRI restriction patterns of the
34-MDa plasmid from our previous study, all Salmonella transconjugants from
the present study, and the transconjugants from the normal flora of patients 1
and 2 are identical (lanes 2, 3, 4, 5, 6, 7, 9, and 11).

TABLE 1. Molecular sizes and antibiotic resistance phenotypes of plasmids transferred to E. coli recipients

Patient

Characteristics of transconjugants

S. enteritidis Normal flora E. coli

Molecular size
(MDa) Phenotypea RE patternb Molecular size

(MDa) Phenotypea RE patternb

1 34 AM I 34 AM SXT TE I
2 34 AM I 34 AM I
3 34 AM I 34 AM II
4 34 AM I 60 AM III
5 34 AM I 60 AM IV
6 34 AM I NTc

7 34 AM I NT
8 34 AM I NT
9 NT NT

a AM, ampicillin resistant; SXT, cotrimoxasol resistant; TE, tetracycline resistant.
b Restriction enzyme pattern.
c NT, not transferred.

978 NOTES J. CLIN. MICROBIOL.



monella spp. and normal flora E. coli and consequently of the
possible role of normal flora as a reservoir of resistance genes.
Ampicillin-resistant S. enteritidis and E. coli were selected in

this study by direct plating fecal samples on ampicillin-contain-
ing MacConkey agar plates, a fact that makes the possibility of
plasmid transfer between E. coli and S. enteritidis occurring in
vitro during the isolation in the laboratory rather unlikely (3).
The acquisition of transferable resistance plasmids by Sal-

monella spp. from other enteric bacteria of the gut flora in the
intestinal tract of individual patients has previously been re-
ported (2, 5, 18, 19). Nevertheless, Tacket et al. (22) could not
find evidence of spread of the S. enteritidis R plasmids to the
normal flora of patients or their family members. Plasmid
exchange between clinical isolates of animal and human origin
was observed by Chaslus-Dancla et al. (4). Our report demon-
strates the presence of similar transferable R plasmids in nor-
mal flora E. coli and S. enteritidis isolated from epidemiologi-
cally unrelated patients. Data on possible recent antibiotic
consumption by the patients studied are not available, but it is
well known that taking antibiotics may provide a selective
advantage for resistant Salmonella spp. (3, 7, 8).
The potential of normal flora bacteria to cause endogenous

infections or to transfer their resistance determinants to other
pathogens, as well as the fact that virulence or pathogenicity
factors such as toxins or adhesion factors are known to be
associated with antibiotic markers encoded by plasmids (6),
illustrates the public health importance of the transfer of re-
sistance genes among bacteria of animal and human origin and
underlines the need for further study of this complex matter.
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FIG. 2. Southern blots of the agarose gel shown in Fig. 1 (lanes 2 to 11)
following hybridization with the digoxigenin-labelled TEM-type probe. Lanes: 2,
the 34-MDa plasmid from our previous study (27); 3, 5, 7, 9, and 11, restriction
enzyme patterns of the 34-MDa plasmids from Salmonella transconjugants from
patients 1, 2, 3, 4, and 5, respectively (Table 1); 4, 6, 8, 10, and 12, restriction
enzyme patterns of the 34-MDa plasmids from the normal flora E. coli transcon-
jugants from patients 1, 2, 3, 4, and 5, respectively (Table 1).

VOL. 34, 1996 NOTES 979


