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A survey of Salmonella infections was carried out over a 1-year period in the rural community covered by
the Hospital Reina Sofia (Tudela, Spain). The 255 strains that were collected were studied by serotyping,
antimicrobial resistance, and plasmid profile analysis. The predominant serotype was S. enteritidis (85.90%),
followed by S. typhimurium (7.06%) and S. virchow (2.36%). Only 7.84% of the strains were resistant to
antimicrobial agents. The most common resistance was to beta-lactam antibiotics. This resistance was due to
the presence of one of two types of B-lactamases, TEM-1 or TEM-2. Resistance to kanamycin was associated
with the synthesis of a 3’-O-phosphotransferase. The resistance to streptomycin and chloramphenicol was
either not enzymatic or was due to a 3’'-O-phosphotransferase and a chloramphenicol acetyltransferase,
respectively. Analysis of total plasmid DNA content revealed the presence of plasmids in 96.08% of the isolates.
According to their plasmid profile, the strains could be classified into different groups. The three main groups,
which accounted for 50.19, 20.78, and 4.70% of the isolates, respectively, corresponded to the antimicrobial-
susceptible S. enteritidis serotype. These results suggested that plasmid profile analysis in conjunction with

antimicrobial resistance determination can be useful for subtyping resistant Salmonella isolates.

Salmonellas are major, increasingly important, causes of
food poisoning throughout the world (1, 7). In Spain, they
are the principal etiological agent of gastroenteritis (9). The
present understanding of the epidemiology of salmonellosis
comes primarily from investigations of outbreaks. Several
different methods, including serotyping, biotyping, phage
typing, and antimicrobial susceptibility testing, have tradi-
tionally been used to trace outbreak strains. In recent years,
these epidemiological studies have been improved by the
application of molecular techniques, such as plasmid profile
analysis (22, 30), DNA restriction fragment polymorphism
(34), chromosomal probe fingerprinting (33), and multilocus
enzyme electrophoresis (4).

Plasmid pattern determination has proven to be a useful
epidemiological tool in outbreaks of salmonellosis caused by
different Salmonella serotypes (5, 12, 18, 20, 26, 31). In
comparative studies of S. typhimurium, it was concluded
that plasmid profile analysis appears to be as specific as
phage typing in identifying related or unrelated isolates from
outbreaks (6, 14, 16). Besides, Rodrigue et al. (27a) com-
pared plasmid profiles, phage types, and antimicrobial resis-
tance regarding their usefulness as epidemiological markers
for S. enteritidis and concluded that the plasmid profile and
phage type effectively determined the subtype of this sero-
type.

Plasmid profiles are most useful when they are combined
with other methods for screening or typing (16, 22). There-
fore, in this study, the serotype, antimicrobial susceptibility
pattern, enzymatic mechanisms of antimicrobial resistance,
and plasmid profile were used in combination to investigate
the human Salmonella infections diagnosed over a 1-year
period in the geographic area of the Hospital Reina Sofia
(Tudela, Spain), a rural community with 80,000 inhabitants.

(Part of this work was presented at the 16th International
Congress of Chemotherapy, Jerusalem, Israel, 1989 [26a].)

* Corresponding author.
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MATERIALS AND METHODS

Bacterial strains and plasmids. A total of 255 strains of
Salmonella, isolated between 1 February 1988 and 31 Janu-
ary 1989 from patients in the geographic area of the Hospital
Reina Sofia, were studied. The strains of Salmonella that
were isolated more than once from the same patient were
eliminated. For each isolate, the date of isolation, the
location, and the source were recorded. The standard bac-
terial strain used for conjugative plasmid transfer experi-
ments was Escherichia coli K-12 J62 (F~ Nal pro his lac) (2).
Reference plasmids for determining the molecular sizes
consisted of R144 (93 kb), RP4 (54 kb), N3 (50 kb), and S-a
(45 kb) (29).

Phenotypic characterization of isolates. All isolates were
serotyped by established procedures for cell wall (O) and
flagellar (H) antigen identification (10). The biochemical test
reactions and MIC determinations were performed in a
Pasco System (Pasco Laboratories, Inc., Wheat Ridge,
Colo.). The antibiotics assayed were ampicillin, ticarcillin,
mezlocillin, piperacillin, cephalothin, cefoxitin, cefaman-
dole, cefotaxime, gentamicin, tobramycin, amikacin, chlor-
amphenicol, tetracycline, trimethoprim-sulfamethoxazole,
and norfloxacin. The strains were further tested for their
susceptibilities to antimicrobial agents by using the agar
diffusion method of Bauer et al. (3) with commercial disks
(Difco Laboratories, Detroit, Mich.). The drugs assayed
were carbenicillin, azlocillin, streptomycin, kanamycin, si-
somicin, dibekacin, netilmicin, fosfomycin, and nalidixic
acid.

Conjugation procedure. Transfer of R plasmids from Sal-
monella isolates to E. coli K-12 took place in liquid medium
at 37°C (36). Transconjugants were selected on MacConkey
agar (Difco) containing the following antibiotics at the indi-
cated concentrations: ampicillin, 50 pg/ml; tetracycline, 10
pg/ml; kanamycin, 25 pg/ml; gentamicin, 10 pg/ml; tobra-
mycin, 10 pg/ml; streptomycin, 10 pg/ml; fosfomycin, 100
pg/ml; and nalidixic acid, 250 pg/ml.

Enzymatic mechanisms of antimicrobial resistance. To as-
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say for aminoglycoside-modifying enzymes, crude cell ex-
tracts of the aminoglycoside-resistant Salmonella strains and
E. coli K-12 transconjugants were prepared by ultrasonic
disruption (11). Enzymatic activity was measured by the
cellulose phosphate paper-binding assay (11). The reaction
mixture for phosphorylation consisted of 10 pl of phospho-
transferase buffer, 10 pl (10 pnCi/pwmol/ml) of [y->?P]JATP
(Amersham Ibérica S.A., Madrid, Spain), 10 pl of enzyme
preparation, and 2 pl of antibiotic (1 mg/ml). Assays were
incubated at 30°C for 30 min, and 20-pl samples were
counted. For acetylation or adenylylation, 10 pl (8 nCi/
wmol/ml) of [1-1*C]acetyl coenzyme A (Amersham) or 10 pl
(10 nCi/wmol/ml) of [**CJATP (Amersham), respectively,
was used instead of [y->2P]JATP.

B-Lactamase activity in the crude extracts of beta-lactam-
resistant strains was determined by the chromogenic sub-
strate method (25). The rate of hydrolysis of the nitrocefin
(Difco) by B-lactamases was monitored with a DU-8 spec-
trophotometer (Beckman Instruments Espana S.A., Madrid,
Spain). The analytical isoelectric focusing of B-lactamases
was performed in a Phast System (Pharmacia Ibérica S.A.,
Barcelona, Spain).

To determine the mechanism of chloramphenicol resis-
tance, crude cell extracts were tested for the presence of
chloramphenicol acetyltransferase (CAT). The radioenzy-
matic assay for CAT was performed by the method de-
scribed by Robison et al. (27). The reaction mixture con-
sisted of 10 ul of 1 M Tris hydrochloride (pH 7.8), 65 pl of
water, 10 ul of [**Clacetyl coenzyme A (8 wCi/pmol/ml), 10
ul of crude cell extract, and 10 pl of chloramphenicol (16
mg/ml). Assays were incubated at 37°C for 15 min. Direct
extraction of 1*C-acetylated chloramphenicol from the water
phase into the toluene phase was accomplished by the
addition of 4 ml of scintillation fluid.

Plasmid profile. The plasmid profiles of the Salmonella
isolates and E. coli transconjugant strains were studied.
Plasmid DNA was isolated and purified by the alkaline lysis
technique described by Maniatis et al. (21). All plasmid
DNAs were electrophoresed on 0.7% horizontal agarose gels
in Tris-borate buffer (22). Reference plasmid DNAs and A\
DNA HindIII digest (Pharmacia) were included as molecular
weight standards. Gels were stained with ethidium bromide
(0.5 pg/ml) and photographed under UV transillumination
with Polaroid type 667 film.

Plasmid DNAs from 10 transconjugant strains with iden-
tical or similar antibiotic resistance patterns were analyzed
by restriction endonuclease digestion, using the enzymes
EcoRl, EcoRV, HindIIl, and PstI, under the conditions
recommended by the supplier (Boehringer Mannhein Espafia
Biochemicals, Barcelona, Spain). The resulting digests were
subjected to electrophoresis on 0.9% horizontal agarose
gels.

RESULTS

Table 1 summarizes the serotypes, antimicrobial suscep-
tibilities, and plasmid profiles of all Salmonella isolates. Of
these strains, 131 isolates (51.37%) corresponded to sporadic
cases, and 124 isolates (48.62%) corresponds to outbreak-
related cases. There were two S. enteritidis outbreaks, with
41 and 14 patients, respectively, associated with wedding
receptions and 21 outbreaks, each with no more than five
patients, in which the implicated source or exposure was a
family reunion. One S. enteritidis outbreak, in which 10
patients were involved, was due to a food handler who was
an asymptomatic carrier.
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Phenotypic characterization and conjugation experiments.
Salmonella isolates were serologically typed into 11 different
serotypes. The predominant serotype was S. enteritidis
(85.90%), followed by S. typhimurium (7.06%) and S. vir-
chow (2.36%). Other serotypes included S. azteca and S.
muenchen (0.78%) and S. bredeney, S. agona, S. infantis, S.
gold-coast, S. london, and S. muenster (0.39%). The distri-
bution of strains obtained for every serotype is shown in
Table 1.

Antimicrobial susceptibility testing showed that only 20
strains (7.84%) were resistant to one or multiple antibiotics.
The antimicrobial resistance patterns and the percentage of
resistant isolates varied significantly among serotypes (Table
1). A total of 33.33% of S. typhimurium isolates were re-
sistant to different antibiotics, whereas only 4.56% of S.
enteritidis isolates presented this character.

All resistant Salmonella strains were mated with E. coli
K-12 to investigate the linkage of antibiotic resistance deter-
minants to plasmid DNA. Results of these experiments
showed that most antimicrobial resistance patterns (70%)
were transferred by conjugation (Table 1).

Enzymatic mechanisms of antimicrobial resistance. The
phosphocellulose paper-binding assay demonstrated the ex-
istence of aminoglycoside-phosphotransferase activity in the
crude extracts of three Salmonella isolates and on their
transconjugant strains, namely, S. typhimurium (group VIII)
and S. virchow (groups III and IV). Resistance to strepto-
mycin in the S. typhimurium isolate was due to a 3''-O-
phosphotransferase, APH(3'’). The phosphorylating activity
in both S. virchow isolates was due to an APH(3’)-I which
modifies kanamycin, neomycin, ribostamycin, paromomy-
cin, and lividomycin. No APH(3'’') enzyme was detected in

‘these two isolates, suggesting that their mechanisms of
‘streptomycin resistance were not enzymatic. All the other

streptomycin-resistant isolates listed in Table 1 were found
to be resistant by a nonenzymatic mechanism.

B-Lactamase activity was detected in the crude extracts of
all of the beta-lactam-resistant strains except that of the S.
bredeney isolate. Analytical isoelectric focusing showed that
these strains specified two different types of B-lactamases,
namely, TEM-1 and TEM-2. The TEM-1 B-lactamases were
plasmid-encoded, whereas the TEM-2 B-lactamase corre-
sponded to three S. typhimurium isolates (group III) that did
not transfer, by conjugation, any of their antimicrobial
resistance determinants (Table 1).

Resistance to chloramphenicol was due to the synthesis of
CAT in three Salmonella isolates, i.e., S. virchow (groups III
and IV) and S. bredeney. This resistance in the two S.
virchow isolates was transferable by conjugation. However,
for the S. typhimurium strain (group III) chloramphenicol
resistance was neither transferable nor enzymatic (Table 1).

Plasmid profile. Analysis of the total plasmid DNA content
revealed the presence of plasmids in 245 Salmonella strains
(96.08%). The plasmid profiles obtained for every serotype
are shown in Table 1. A total of 209 antibiotic-susceptible
and 10 antibiotic-resistant S. enteritidis isolates were classi-
fied into 15 groups according to their plasmid profiles (Fig. 1
and 2). Only eight strains (3.65%) carried no plasmid at all
(group XV). The majority (91.32%) of all isolates harbored a
54-kb plasmid that probably coincided with the serotype-
specific plasmid described by Helmuth et al. (13).

The 18 S. typhimurium isolates could be included in one of
the eight plasmid pattern groups. A 90-kb plasmid was the
most frequently encountered plasmid in this serotype, be-
cause only 2 isolates (11.11%) that did not carry it were
detected. This plasmid could correspond to the serotype-
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TABLE 1. Plasmid profiles and antimicrobial resistance in 255 Salmonella strains

i A No. of Antimicrobial Transferred Conjugative R Enzymatic
) Group Plasmid profile (kb) strains resistance® resistance pattern plasmid (kb) resistance
S. enteritidis (n = 219)
I 54 128 Susceptible
II 54, 3.0 53 Susceptible
111 54, 4.1 12 Susceptible
v 54, 32 6 Ap Cb Tic Pip Ap Cb Tic Pip 32 TEM-1
v 54, 50 2 Ap Cb Tic Pip Ap Cb Tic Pip 50 TEM-1
VI 54,5.0, 1.6 2 Susceptible
VII 54, 41 1 Ap Cb Tic Pip Ap Cb Tic Pip 41 TEM-1
VIII 78, 54 1 Susceptible
IX 54, 5.0 1 Susceptible
X 78, 54, 3.0 1 Susceptible
XI 104, 54, 3.0 1 Tc Tc 104, 3.0
XII 75, 54, 5.0, 1.6 1 Susceptible
XIII 29, 14.5, 10, 5.8 1 Susceptible
X1V 85, 54, 36, 29, 23, 5.8, 1 Susceptible
5.2,4.1
XV None 8 Susceptible
S. typhimurium (n = 18)
1 90 S Susceptible
I 90, 0.92, 0.86 S Susceptible
III 90, 3.0, 1.6 3 Ap Cb Tic Pip Tc  None None TEM-2
Sm Cm
v 90, 4.1 1 Susceptible
\% 102, 90, 6.1 1 Ap Cb Tic Pip Sm  Ap Cb Tic Pip Sm 102 TEM-1
VI 47, 8.4, 3.0 1 Sm Sxt None None None
VII 125, 90, 3.0, 1.6 1 Susceptible
VIII 114, 47, 30, 6.1 1 Tc Sm Tc Sm 114 APH@3")
S. virchow (n = 6)
I 33,7.1 3 Susceptible
II 3.0 1 Susceptible
III 33,3.0 1 Sm Km Cm Sxt Sm Km Cm Sxt None APHQ@3')-1, CAT
v 120, 33, 3.0 1 Sm Km Cm Sxt Sm Km Cm Sxt None APH(3')-1, CAT
S. muenchen (n = 2)
1 57,39, 2.7 1 Susceptible
II 2.7 1 Susceptible
S. azteca (n = 2)
I None 2 Susceptible
S. bredeney (n = 1), 1 125, 90, 30, 6.5, 1.95, 1 Ap Cb Tic Pip Tc  None None CAT
1.45, 1.06 Sm Cm Sxt
S. agona (n = 1), 1 30, 6.1 1 Susceptible
S. infantis (n = 1), 1 120, 111, 7.1 1 Susceptible
S. gold-coast (n = 1), 1 5.0 1 Susceptible
S. muenster (n = 1), 1 4.8 1 Susceptible
S. london (n = 1), 1 0.83,0.79 . 1 Susceptible
Salmonella serogroup D 54 1 Susceptible
(n=1),1
Salmonella serogroup B 33, 7.1 1 Tc Sm None None None
(n=1),1

4 Tc¢, Tetracycline; Ap, ampicillin; Cb, carbenicillin; Pip, piperacillin; Tic, ticarcillin; Sm, streptomycin; Km, kanamycin; Cm, chloramphenicol; Sxt,
trimethoprim-sulfamethoxazole.

specific virulence plasmid of 60 MDa (90 kb) reported by The S. azteca isolates were plasmid-free. The rest of the
Helmuth et al. (13). Four plasmid pattern groups were isolates, each one of a different serotype, showed plasmid
obtained for the six S. virchow strains isolated in this study. DNAs with heterogeneous sizes.

A 33-kb plasmid was the predominant one in this serotype. Table 1 lists both the antimicrobial resistance patterns
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FIG. 1. Plasmid profiles of susceptible S. enteritidis strains.
Lanes: 1, group X; 2, group VI; 3, group II; 4, RP4; S, group I; 6,
group III; 7, group IX; 8, A\ DNA HindIII digest; 9, group VI; 10,
group XII. C, Chromosomal DNA. Numbers next to the gels are in
kilobases.

transferred via conjugation to the E. coli recipient strain and
the conjugative R plasmids. These R plasmids were found in
12 (60%) of the 20 resistant strains.

The E. coli transconjugant of S. enteritidis strain (group
XI) carried two plasmids of 104 and 3.0 kb. Since the 3.0-kb
plasmid is too small to be self-transmissible, this finding
indicates that the 104-kb plasmid cotransfers the small
plasmid.

No plasmid DNAs were detected in any of the two S.
virchow transconjugant strains (groups III and IV). How-
ever, donor strains not only harbored plasmids but also
transferred, by conjugation, all of their antibiotic resistance
marKkers at frequencies of transfer of 3 X 1072 and 2 X 1074,
respectively. These results suggest the presence of a multi-
resistant transposon in those strains. Beta-lactam resistance
R plasmids of S. enteritidis strains (groups IV and V)
revealed identical DNA fragment patterns by restriction
endonuclease analysis. Moreover, these two banding pat-
terns and the restriction patterns of group VII strains were
similar, indicating that all three constituted a subgroup of R
plasmids with a common origin, differing only in the number
of DNA bands according to the plasmid size (32, 50, and 41
kb). In contrast, very few coincidences were observed in the
digestion pattern of the beta-lactam resistance plasmid found
in an S. typhimurium isolate (group V) and the subgroup
mentioned above.

DISCUSSION

The aim of this study was to investigate the epidemiology
of human Salmonella infections that broke out in our geo-
graphic area over a 1-year period. The results presented here
provide information on the incidences and distributions of
serotypes, antimicrobial resistance, and plasmid profiles
among Salmonella strains in this geographic area. The most
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FIG. 2. Plasmid profiles of resistant S. enteritidis strains. Lanes:
1, group IV; 2, group VII; 3, N3; 4, S-a; 5, A\ DNA HindIII digest;
6, group XI; 7, group II (susceptible). C, Chromosomal DNA.
Numbers next to the gels are in kilobases.

frequently isolated serotype was S. enteritidis, which ac-
counted for 85.90% of the collected isolates. Considering
that the average percentage of S. enteritidis isolates in Spain
in 1987 was 63.40% (20), which has grown increasingly since
1983, the results presented above coincide with World
Health Organization Salmonella surveillance data for 1979 to
1987 that indicate an international increase of S. enteritidis
and that it was the most common serotype in eight European
countries in 1987 (28). The incidence rate of S. typhimurium
(7.06%) was very low when compared with the data from
other countries where this serotype is more common (15, 23,
35).

Antimicrobial susceptibility analysis revealed that only
7.84% of the strains were antibiotic resistant. However, not
all serotypes had similar frequencies of resistance. We draw
attention to the high percentage of resistant S. typhimurium
isolates compared with the percentage of resistant S. enter-
itidis strains and the differences found between the antimi-
crobial resistance patterns and the resistance mechanisms of
these two serotypes. Our results are coincident with other
published data which state that the antibiotic resistance
frequency for S. typhimurium is increasing, while for S.
enteritidis the incidence remains at low and stable levels (8,
19, 35). On the other hand, antimicrobial resistance studies
enabled us to differentiate resistant from susceptible isolates
of the same serotype. Moreover, this analysis, in conjunc-
tion with plasmid profiles, was useful in subtyping antibiotic-
resistant strains, namely, S. enteritidis groups IV, V, and
VII and S. virchow groups III and IV.

Plasmid profile analysis seemed to differentiate the sus-
ceptible strains of the serotypes S. typhimurium, S. virchow,
and S. muenchen. Furthermore, our data confirm the use-
fulness of plasmid profiles for identifying epidemiologically
related isolates of S. typhimurium groups I and II (6, 14) and
S. virchow group 1. With regard to the S. enteritidis sero-
type, this analysis provides a means of grouping the suscep-
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tible isolates, showing the distribution of plasmid profiles
within our community. The two main groups, i.e., groups I
and II, accounted for 50.19 and 20.78% of the reported
Salmonella infections, respectively. Group I corresponded
to 68 sporadic isolates, and 60 isolates originated from 13
foodborne outbreaks. The detection of these isolates in
different localities over the study period demonstrated the
wide distribution in this geographic area of the plasmid
profile mentioned above. Our results agree with those of
other authors (13, 20, 24) who reported a high prevalence of
susceptible S. enteritidis strains carrying a single 54-kb
plasmid. Group II corresponded to 8 sporadic isolates and 45
isolates originating from two family reunion outbreaks (4
patients) and isolates originating from a wedding reception
outbreak (41 patients). It should be mentioned that the
plasmid profile of these isolates was coincident with the
profile of an S. enteritidis strain isolated from the ovary of a
hen belonging to one poultry farm in our geographic area
used for egg production (Instituto de Salud Piblica Na-
varra). This result suggests that this particular food source
may have been involved in the infections because of the
incidence, in our community, of S. enteritidis with this
plasmid profile (1). Furthermore, this finding coincides with
those of investigations in individual countries which suggest
that the reason for the global increase in S. enteritidis is
related to the consumption of eggs and poultry which harbor
the organism (28, 32). Group III, which accounted for only
4.70% of the reported Salmonella infections, corresponded
to six sporadic isolates and six isolates originating from two
family reunion outbreaks. These isolates were detected in
nearby localities and accounted for all except one sporadic
case during the same month.

With regard to the identification of susceptible S. enterit-
idis strains, our results led us to consider the necessity of a
further characterization of these isolates. In that respect, we
agree with those authors (17, 20, 33) who conclude that much
more information of epidemiological value may be obtained
when plasmid profile analysis is used as a complement to
other typing systems.
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