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Trends in resistance to antimicrobial agents used for therapy have been evaluated with 3,797 enteropatho-
genic bacteria, Campylobacter, Salmonella, Shigella, and Yersinia, between 1985–1987 and 1995–1998. The great-
er increase in the rate of resistance was observed in Campylobacter jejuni for quinolones (from 1 to 82%) and
tetracycline (from 23 to 72%) and in gastroenteric salmonellae for ampicillin (from 8 to 44%), chloramphenicol
(from 1.7 to 26%), and trimethoprim-sulfamethoxazole and nalidixic acid (from less than 0.5 to 11%). Multi-
drug resistance was detected in several Salmonella serotypes. In the 1995–1998 period, 76% of Shigella strains
were resistant to trimethoprim-sulfamethoxazole, 43% were resistant to ampicillin, and 39% were resistant to
chloramphenicol. Seventy-two percent of Yersinia enterocolitica O3 strains were resistant to streptomycin, 45%
were resistant to sulfonamides, 28% were resistant to trimethoprim-sulfamethoxazole, and 20% were resistant
to chloramphenicol.

Campylobacter and Salmonella are the bacteria most fre-
quently isolated from patients with sporadic cases of gastro-
enteritis in our setting, followed, at a smaller proportion, by
Shigella and Yersinia (33). These microorganisms, in particular
Salmonella, are also responsible for extraintestinal pathologies,
such as urinary tract infections, abscesses at diverse locations,
and bacteremia (21). Most cases of bacterial gastroenteritis are
self-limiting, and it has been suggested that in otherwise
healthy patients, administration of antibiotics is not necessary
(2); however, for enteritis in infants, elderly people, granulo-
penic or immunodepressed patients, and also patients with
extraintestinal infections, in particular, when bacteremia is sus-
pected, antibiotic therapy is fundamental for illness control
(21). The goal of this paper is to review the antimicrobial sus-
ceptibilities of Campylobacter, Salmonella, Shigella, and Yer-
sinia strains isolated in our hospital from 1995 to 1998 and to
compare them with the susceptibilities of those isolated be-
tween 1985 and 1987.

MATERIALS AND METHODS

Bacteria: source and identification. The susceptibilities to antibiotics of 1,865
enteropathogenic bacteria belonging to the genera Campylobacter (957 strains),
Salmonella (832 strains), Shigella (56 strains), and Yersinia (20 strains) isolated
from 1995 to 1998 were evaluated. The strains were isolated in the Laboratory of
Microbiology of the Hospital de la Santa Creu i Sant Pau, in Barcelona, Cata-
lonia (Spain). Ninety-five percent of the isolates (1,773 strains) were of intestinal
origin, and 5% (92 strains) were from extraintestinal sources; a single isolate per
patient was included.

For comparison, the susceptibilities of 660 Campylobacter jejuni, 1,075 Salmo-
nella, 122 Shigella, and 75 Yersinia enterocolitica strains isolated in our laboratory
from 1985 to 1987 were included. Isolation and identification of microorganisms
were carried out by standard procedures (25). The serotype and phage type of
the Salmonella strains were determined in the Servicio de Enterobacterias del
Centro Nacional de Microbiologı́a, Instituto Carlos III, Majadahonda, Madrid,
Spain.

Antimicrobial susceptibility. Susceptibility was determined by the disk diffu-
sion method, following National Committee for Clinical Laboratory Standards
(NCCLS) recommendations (26, 27). Mueller-Hinton agar (Oxoid, Basingstoke,

United Kingdom) was used for all strains except the Campylobacter strains, for
which the agar was enriched with 5% sheep blood. The disks were purchased
from Oxoid. Incubation was carried out at 35 to 37°C for 18 h in an aerobic
atmosphere for all strains except Campylobacter strains, which were incubated
under a microaerobic atmosphere (CampyGen; Oxoid) at 35 to 37°C for 24 h.
The antibiotics tested varied according to the microorganism and included
those used for therapy. In general, ampicillin, amoxicillin-clavulanic acid (co-
amoxiclav), cefotaxime, erythromycin, chloramphenicol, tetracycline, strepto-
mycin,kanamycin,neomycin,gentamicin,tobramycin,sulfamethoxazole,trimetho-
prim, trimethoprim-sulfamethoxazole, nalidixic acid, and ciprofloxacin were
included. For selected strains, MICs were determined by a microdilution tech-
nique with Sensititre microtrays (Sensititre Ltd., Imberhorne, United Kingdom)
or the E test (AB Biodisk NA, Piscataway, N.J.). The breakpoints used were
those defined by NCCLS (26, 27) for members of the family Enterobacteriaceae.
The only exception was for erythromycin, for which the breakpoints for Staph-
ylococcus were used.

Escherichia coli ATCC 25922, E. coli ATCC 35218, and Staphylococcus aureus
ATCC 25923 were used as control strains for susceptibility studies.

RESULTS

Campylobacter. During the 1995–1998 period, 909 Campy-
lobacter jejuni strains and 48 Campylobacter coli strains were
studied; among these strains, only 15 C. jejuni strains were of
extraintestinal origin (12 from blood and 3 from ascitic fluid).
These two species are the enteropathogenic bacteria most fre-
quently isolated in our laboratory and the only ones with an
increased incidence relative to that in the previous decade
(1985–1987).

Table 1 shows the susceptibilities to antimicrobial agents of
the C. jejuni strains isolated in the two time periods evalu-
ated. Erythromycin, co-amoxiclav, and gentamicin were active
against C. jejuni, but the rates of resistance to tetracyclines and
quinolones increased from 23 to 72% and from 1 to 82%,
respectively, and in the later period the rate of resistance
to ciprofloxacin reached 81%. Although C. coli was less fre-
quently isolated, it was more resistant than C. jejuni. Among
the 48 C. coli strains isolated during 1995–1998, 44 (92%)
strains were resistant to erythromycin, 47 (98%) were resistant
to tetracycline, 9 (19%) were resistant to gentamicin, and 45
(94%) were resistant to nalidixic acid and ciprofloxacin. How-
ever, all 48 strains were susceptible to co-amoxiclav.

Salmonella. During the 1995–1998 period, 832 salmonellae
were studied: 756 were isolated from the stools of patients with
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gastroenteritis, 53 were isolated from blood, 17 were isolated
from urine, and 6 were isolated from other sources. The most
frequent serotypes were as follows: Enteritidis, 382 (46%)
strains; Typhimurium, 275 (33%) strains; Hadar, 44 (5%)
strains; Virchow, 15 (2%) strains; and Brandenburg, 13 (1.6%)
strains. These five serotypes represented 88% of the Salmo-
nella strains isolated; the remaining (12%) belonged to 35 ad-
ditional serotypes. During the triennium from 1985 to 1987,
1,075 salmonellae were isolated, with Enteritidis (60%), Vir-
chow (8%), Typhimurium (7%), Blockley (3.2%), and Bre-
deney (2%), being the most prevalent (82%) serotypes.

Table 2 summarizes the resistance of all Salmonella isolates

and the isolates of the predominant serotypes to nine antimi-
crobial agents during the two periods of time considered.

During the 1995–1998 period, 44% of the strains were re-
sistant to ampicillin, 42% were resistant to tetracycline, 26%
were resistant to chloramphenicol, 11% were resistant to tri-
methoprim-sulfamethoxazole and nalidixic acid, and 6% showed
decreased susceptibility to co-amoxiclav. One nontypeable strain
for which the ciprofloxacin MIC was intermediate (2 mg/liter)
was isolated from an AIDS patient who had been receiving
therapy with norfloxacin for 2 years. Another ciprofloxacin-
resistant serovar Enteritidis strain (MIC, 32 mg/liter) was se-
lected in vivo while the patient was receiving fluoroquinolone
treatment.

A single strain that belonged to serotype Virchow and that
was highly resistant to cefotaxime (MIC, 16 mg/liter) was de-
tected. The strain produced an extended-spectrum beta-lacta-
mase with an isoelectric point of about 8 and had a positive
PCR result when two pairs of primers specific for CTX-M-7
were used (the sequence was obtained from GenBank, acces-
sion no. AF174129).

Ampicillin resistance was observed in all five prevalent se-
rotypes; discrete incidences of resistance to co-amoxiclav in
strains of serotypes Typhimurium (15%) and Hadar (4.5%)
and to trimethoprim-sulfamethoxazole in strains of serotypes

TABLE 1. Evolution of resistance in C. jejuni between
1985–1987 and 1995–1998a

Years No. of
strains

No. (%) of resistant strains

ERY TET GEN NAL CIP

1985–1987 660 31 (5) 152 (23) 0 (0) 8 (1) ND
1995–1998 909 46 (5) 655 (72) 11 (1) 743 (82) 739 (81)

a All strains isolated during both time periods were fully susceptible to co-
amoxiclav. Abbreviations: CIP, ciprofloxacin; ERY, erythromycin; GEN, genta-
micin; NAL, nalidixic acid; TET, tetracycline; ND, not determined.

TABLE 2. Evolution of antibiotic resistance in Salmonella serotypes (1985–1987 and 1995–1998)

Serotype and
period

No. of
strains

No. (%) of resistant strainsa

AMP AMC CTX CHL TET SXT GEN NAL CIP

Enteritidis
1985–1987 648 56 (9) 3 (0.5) 0 (0) 1 (0.1) 1 (0.1) 0 (0) 1 (0.1) 1/435e (0.2) 0 (0)
1995–1998 382 79 (21) 0 (0) 0 (0) 0 (0) 21 (5) 3 (0.8) 6 (1.6) 21 (5) 1 (0.3)

Typhimurium
1985–1987 79 4 (5) 1 (1.3) 0 (0) 5 (6) 1 (1.3) 0 (0) 0 (0) 0 (0) 0 (0)
1995–1998 275 233 (85) 41 (15) 0 (0) 191 (69) 244 (89) 61 (22) 16 (6) 3 (1.1) 0 (0)

Hadar
1985–1987 7 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
1995–1998 44 24 (55) 2 (4.5) 0 (0) 0 (0) 42 (95) 2 (4.5) 0 (0) 38 (86) 0 (0)

Virchow
1985–1987 90 8 (9) 0 (0) 0 (0) 6 (7) 0 (0) 1 (1) 6 (7) 0 (0) 0 (0)
1995–1998 15 2 (13) 0 (0) 1b (7) 0 (0) 0 (0) 1 (7) 1 (7) 7 (47) 0 (0)

Brandenburg
1985–1987 13 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
1995–1998 13 9 (69) 0 (0) 0 (0) 10 (77) 10 (77) 10 (77) 4 (31) 8 (62) 0 (0)

Other serotypes
1985–1987c 238 16 (7) 1 (0.4) 0 (0) 6 (2.5) 9 (4) 4 (1.7) 0 (0) 0 (0) 0 (0)
1995–1998d 103 23 (22) 5 (5) 0 (0) 14 (14) 31 (30) 18 (17) 0 (0) 11 (11) 1 (1)

Total (all serotypes)
1985–1987 1,075 84 (8) 5 (0.5) 0 (0) 18 (1.7) 11 (1) 5 (0.5) 7 (0.7) 1/684f (0.1) 0 (0)
1995–1998 832 370 (44) 48 (6) 1b (0.1) 215 (26) 348 (42) 95 (11) 27 (3) 88 (11) 2 (0.2)

a Abbreviations AMC, co-amoxiclav; AMP, ampicillin; CHL, chloramphenicol; CTX, cefotaxime; CIP, ciprofloxacin; GEN, gentamicin; NAL, nalidixic acid; TET,
tetracycline; SXT, trimethoprim-sulfamethoxazole.

b Extended-spectrum beta-lactamase-producing strain.
c The number of strains of each serotype was as follows: Blockley, 35; Bredeney, 23; Infantis, 16; Heidelberg, 11; Ohio, 10; Panama, 9; Newport, 8; Goldcoast and

London, 7 each; Anatum and Sofia, 4 each; Mikawasima, Montevideo, and Tilburg, 3 each; Saintpaul, Kapemba, and Livingstone, 2 each; Agona, Newbrunswik,
Litchfield, Hindmarsh, Newington, Richmond, Goettingen, Muenchen, Derby, Give, and Tournai, 1 each; untypeable or not typed, 78.

d The number of strains of each serotype was as follows: Infantis, 9; Muenchen, 6; Ohio, 5; Newport, Heidelberg, Grumpensis, and Derby, 4 each; Bredeney,
Mbandaka, and Braenderup, 3 each; Saintpaul, Litchfield, Mikawasima, Richmond, Goldcoast, Give, Bradford, Albany, Oranienburg, Toulon, Washington, Rissen, and
Rideau, 2 each; Blockley, London, Agona, Anatum, Kapemba, Goettingen, Tshiongwe, Indiana, Singapore, Nima, Havana, and Tambacounda, 1 each; untypeable or
not typed, 20.

e Only 435 of the 648 strains were tested for nalidixic acid.
f Only 684 of the 1,075 strains were tested for nalidixic acid.
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Typhimurium (22%) and Brandenburg (77%) were observed;
and a high percentage of resistance to nalidixic acid was ob-
served in strains of serotypes Hadar (86%), Brandenburg
(62%), and Virchow (47%). Nalidixic acid resistance was also
detected in strains of other serotypes (Enteritidis, n 5 21
strains; Typhimurium, n 5 3; Blockley, n 5 1; Heidelberg, n 5
1; untypeable strains n 5 3; and not typed, 4 strains). For most
nalidixic acid-resistant strains MICs were .256 mg/liter; the
exceptions were one serotype Heidelberg strain (MIC, 64 mg/
liter) and all resistant serotype Brandenburg isolates, for which
the MICs were in the intermediate range (16 to 32 mg/liter).
All but two of these nalidixic acid-resistant strains were sus-
ceptible to ciprofloxacin according to the NCCLS criteria.
However, the MICs for the strains were 5- to 80-fold those
for four susceptible serotype Typhimurium strains included as
controls (0.06 to 1 versus 0.008 to 0.012 mg/liter).

Besides, 18 strains of serotypes Typhimurium, Hadar, and
Mikawasima had diminished susceptibilities to cefotaxime and
ceftazidime (MICs, between 1 and 4 mg/liter). It is obvious
from Table 2 that in the last period, serotypes Typhimurium
and Brandenburg were the most resistant serotypes but similar
multidrug-resistant patterns were found in serotypes Heidel-
berg (2 strains), Bredeney (1 strain), and Goldcoast (1 strain).

The phage types of the vast majority of serotype Enteritidis
and Typhimurium strains isolated since 1996 were determined.
A correlation between the phage type and the resistance phe-
notype was observed. In serotype Enteritidis strains, ampicillin
resistance was associated with phage types 6 and 6a (25 of 27
and all 37 strains, respectively) and resistance to nalidixic acid
was associated with phage type 1 (15 of 57 strains). Among the
serotype Typhimurium strains the predominant pattern of
multidrug resistance was ampicillin, chloramphenicol, sulfa-
methoxazole, tetracycline, and streptomycin resistance. This
pattern was found for nearly all phage types. However, certain
phage types contained a small number of strains (Table 3).

Shigella. Throughout the 1995–1998 period, 56 Shigella
strains (30 S. sonnei, 19 S. flexneri, 3 S. boydii, 2 S. dysenteriae,
and 2 Shigella strains) were isolated from patients with enter-
itis. Twenty-seven were from patients with traveler’s diarrhea

(11 S. sonnei, 9 S. flexneri, 3 S. boydii, 2 S. dysenteriae, and 2
Shigella strains), and 29 were autochthonous isolates. When
comparing the susceptibilities of the indigenous strains (S. flex-
neri and S. sonnei) with those that were imported, no significant
differences were observed. The susceptibilities of both species
are shown in Table 4; data for the remaining species are not
shown. Among all these strains, we did not find resistance to
fluoroquinolones or broad-spectrum cephalosporins. However,
they showed high rates of resistance—with variations depend-
ing on the time period and species—to trimethoprim-sulfame-
thoxazole (48 to 90%), ampicillin (13 to 89%), and also chlor-
amphenicol (1 to 95%) (Table 4). Only seven S. flexneri strains
were resistant to co-amoxiclav in the two periods of evaluation
(11 and 21%).

Yersinia. All pathogenic Yersinia enterocolitica strains iso-
lated in our laboratory belonged to serogroup O3 (biotype 4).
From 1985 to 1987, we isolated 75 strains. They were all resis-
tant to ampicillin and cephalothin but were susceptible to co-
amoxiclav, cefotaxime, tetracyclines, gentamicin, and nalidixic
acid. Seventy-two percent were resistant to streptomycin, 45%
were resistant to sulfonamides, 28% were resistant to tri-

TABLE 3. Antibiotic resistance and phage types of 275 S. enterica serotype Typhimurium strains isolated from 1995 to 1998a

Phage
type

No. of
strains

No. (%) of resistant strains

AMP AMC TET SUL TMP SXT CHL STR KAN NEO GEN TOB NAL

104 48 48 (100) 3 (6) 46 (96) 46 (96) 3 (6) 2 (4) 45 (94) 46 (96) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
104 b 30 30 (100) 4 (13) 28 (93) 30 (100) 5 (17) 5 (17) 22 (73) 30 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
193 30 18 (60) 4 (13) 26 (87) 24 (80) 16 (53) 16 (53) 6 (20) 25 (83) 5 (17) 5 (17) 0 (0) 0 (0) 1 (3.3)
120 21 21 (100) 5 (24) 21 (100) 20 (95) 4 (19) 4 (19) 13 (62) 20 (95) 4 (19) 3 (14) 0 (0) 0 (0) 0 (0)
195 9 6 1 6 5 5 5 4 4 3 3 1 1 0
10 9 9 1 9 9 9 9 8 9 0 0 9 9 0
U-302 5 4 1 5 5 1 1 5 5 0 0 0 0 0
12 4 2 0 4 3 1 1 1 2 0 0 0 0 0
124 4 3 0 3 4 2 2 3 2 1 1 0 0 1
204 2 0 0 2 0 0 0 0 1 0 0 0 0 0
204 c 1 1 0 1 1 1 1 1 1 0 0 0 0 0
161 2 1 0 1 1 0 0 1 1 0 0 0 0 0
197 1 1 0 1 1 1 1 0 1 1 1 0 0 0
184 1 1 0 1 1 0 0 0 1 0 0 0 0 0
179 1 1 1 1 1 1 0 1 1 1 0 0 0 0
Otherb 6 0 0 0 0 0 0 0 0 0 0 0 0 0
NSP 19 16 (84) 7 (37) 16 (84) 16 (84) 2 (11) 2 (11) 14 (74) 16 (84) 1 (5) 2 (11) 0 0 1 (5)
NT 82 73 (89) 14 (17) 76 (93) 76 (93) 12 (15) 12 (15) 67 (82) 75 (91) 0 0 6 (7) 6 (7) 0

a All strains were susceptible to cefotaxime and ciprofloxacin. Abbreviations: AMC, co-amoxiclav; AMP, ampicillin; CHL, chloramphenicol; GEN, gentamicin; KAN,
kanamycin; NAL, nalidixic acid; NEO, neomycin; STR, streptomycin; SUL, sulfonamides; TET, tetracycline; TOB, tobramycin; TMP, trimethoprim; SXT, tri-
methoprim-sulfamethoxazole; NSP, nonstandard pattern; NT, untypeable.

b Other phage types: 22, 23, 29, 52, and 99.

TABLE 4. Resistance to antibiotics in S. sonnei and
S. flexneri in the two periods studieda

Speciesb Years No. of
strains

No. (%) of resistant strains

AMP AMC CHL GEN SXT NAL

S. sonnei 1985–1987 95 48 (51) 0 (0) 1 (1) 0 (0) 54 (57) ND
1995–1998 30 4 (13) 0 (0) 1 (3.3) 0 (0) 27 (90) 1 (3)

S. flexneri 1985–1987 27 19 (70) 3 (11) 2 (7) 1 (4) 13 (48) ND
1995–1998 19 17 (89) 4 (21) 18 (95) 0 (0) 10 (53) 1 (5)

a All strains were susceptible to cefotaxime and ciprofloxacin. Abbreviation:
AMC, co-amoxiclav; AMP, ampicillin; CHL, chloramphenicol; GEN, gentami-
cin; SXT, trimethoprim-sulfamethoxazole; NAL, nalidixic acid; ND, not deter-
mined.

b The imported strains (traveler’s diarrhea) were S. sonnei (n 5 11) and S.
flexneri (n 5 9).
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methoprim-sulfamethoxazole, and 20% were resistant to chlor-
amphenicol. Only 20 strains were isolated throughout the pe-
riod from 1995 to 1998. All were resistant to ampicillin and
cephalothin but were susceptible to co-amoxiclav, cefotaxime,
gentamicin, and ciprofloxacin. The rate of resistance increased
up to 90% for streptomycin and sulfonamides, 70% for
trimethoprim-sulfamethoxazole, 60% for chloramphenicol,
and 5% for nalidixic acid.

DISCUSSION

Campylobacter is the leading cause of bacterial enteritis in
Spain and elsewhere (3, 33), and C. jejuni accounts for 95% of
enteric Campylobacter infections. In 1987, C. jejuni was gener-
ally susceptible to clinically useful antimicrobial agents (Table
1). However, 8 years later most strains became resistant to
tetracyclines, nalidixic acid, and the fluoroquinolones. The sim-
ilar proportions of resistance to nonfluorinated and fluorinated
quinolones (82 versus 81%) and the speed at which this level of
resistance has been reached (23) are probably related and are
due to the fact that a single mutation in either topoisomerase
can confer resistance to both nonfluorinated and fluorinated
quinolones (11, 13, 37, 50). Similar data have been reported
from other locations in Spain (36, 39) and elsewhere (1, 10, 32,
40).

In our laboratory, ampicillin has not been tested regularly
against Campylobacter because it is not recommended for ther-
apy due to the high incidence of resistance (28), essentially by
beta-lactamase production (18, 19). However, in a small num-
ber of isolates studied since 1985, an increase in the number of
beta-lactamase-producing strains was observed. In 1985, 120
C. jejuni strains were tested for beta-lactamase synthesis by
using the nitrocefin test and 23% were positive; in 1998, 108 of
130 (83%) strains were positive by the same method. All
strains were susceptible to co-amoxiclav; clavulanic acid inhib-
its some beta-lactamases and has been claimed to have intrin-
sic antibacterial activity against campylobacter (46). Erythro-
mycin, as well as gentamicin, which has been recommended for
use in bacteremic patients (21), remained active (Table 1).

C. coli is only slightly more resistant to quinolones and tet-
racycline than C. jejuni but is resistant to erythromycin (92%)
and gentamicin (19%). This is therefore not only a character-
istic of strains isolated in developing countries (3) but is also
probably a current or potential global concern. Despite differ-
ences in the incidence of resistance to macrolides and amino-
glycosides in C. jejuni and C. coli, the mechanisms of resistance
to these antibiotics are probably similar in both species (44, 45).

Throughout our 7-year study, we detected in salmonellae an
increase in the rates of resistance to ampicillin (from 8 to
44%), tetracycline (from 1 to 42%), chloramphenicol (from 1.7
to 26%), trimethoprim-sulfamethoxazole (from 0.5 to 11%),
and nalidixic acid (from 0.1 to 11%) (Table 2).

In regard to the correlation between serotypes and resis-
tance, it is obvious that serotypes Typhimurium and Branden-
burg are multidrug resistant but that other serotypes such as
Bredeney, Goldcoast, and Heidelberg are also multidrug resis-
tant. Besides, the Hadar, Brandenburg, and Virchow serotypes
are associated with nalidixic acid resistance, but this resistance
was also found in strains of other serotypes (data not shown).

Currently, serotype Enteritidis is the most prevalent sero-
type in western Europe (8). In Spain the change from a greater
prevalence of serotype Typhimurium to a greater prevalence of
serotype Enteritidis observed over the 1970s and the 1980s (6,
34) concerned only fully susceptible strains. At present, the
prevalence of resistant serotype Typhimurium strains is in-

creasing, but the frequency of serotype Brandenburg, another
resistant serotype, has not increased.

Multidrug resistance in Salmonella enterica serotype Typhi-
murium phage type DT 104 has been the subject of many
studies (1, 5, 12, 47). However, numerous phage types of
serotype Typhimurium are also multidrug resistant, such as
phage types 104 b, 193, 120, 195, U-302, and others (Table 3).
Of particular interest is phage type 10, which is not a strictly
serotype Typhimurium but which is a monophasic strain,
1,4,5,12:i:2(7). This serotype is resistant to nine antibiotics,
including streptomycin, gentamicin, and tobramycin, and its
ability to spread in the future remains open.

Relatively elevated co-amoxiclav MICs (16/8 to 32/16 mg/
liter) have been found in only 41 serotype Typhimurium
strains, 2 serotype Hadar strains, and 5 strains of other sero-
types. The presence of several beta-lactamases in these strains,
OXA-1, and PSE-1 and TEM-1 hyperproduction (identified by
pI, PCR with specific primers, and enzyme kinetics; data not
shown) account for this resistance. Some of these strains also
display a slight decrease in susceptibility to broad-spectrum
cephalosporins (see above). The Virchow strain with a high
level of resistance to broad-spectrum cephalosporins produced
an extended-spectrum beta-lactamase.

Multidrug resistance in phage type DT 104 in England in-
cludes resistance to quinolones (48), but in our study, this
phage type remains susceptible to these drugs; however,
besides its multidrug resistance, the three first-line treatment
antibiotics (trimethoprim-sulfamethoxazole, ciprofloxacin, and
cefotaxime) are active against DT 104. Similar results were
reported in the United States (12). The clonal character of
nalidixic acid resistance can be seen in S. enterica serotype
Enteritidis phage type 1. This observation differs from what we
found in E. coli of both human and animal origin, in which
resistance to quinolones was not clonal (9).

At present, in developed countries the prevalent Shigella
species are S. sonnei and S. flexneri (33). Roughly, about half of
the shigellae (27 of 56) isolated in our laboratory over the
1995–1998 period were from travelers, and the susceptibilities
of both autochthonous and imported strains were similar. This
is not always the case, and various patterns of resistance have
been described, depending on the country of origin, but the
rates of resistance to tetracycline and trimethoprim-sulfame-
thoxazole are generally higher in imported strains (43, 49). Our
autochthonous shigellae, however, were also highly resistant to
the latter antimicrobial agents. Four of 19 (21%) S. flexneri
strains were resistant to co-amoxiclav. The MIC of co-amoxi-
clav against these strains ranged from 16/8 to 24/12 mg/liter.
Reduced susceptibility or resistance to co-amoxiclav in E. coli
has been attributed to chromosomal beta-lactamase, TEM-1,
TEM-2, or SHV-1 hyperproduction, and production of OXA-1
or an IRT (inhibitor-resistant TEM-derived beta-lactamases)
(M. Sabaté, F. Navarro, C. Vergés, E. Miró, and G. Prats,
Abstr. 18th Interdisciplinary Meet. Anti-Infectious Chemo-
ther., abstr. 252/C24, p. 177, 1998). The seven S. flexneri strains
with diminished susceptibility to co-amoxiclav produced an
OXA-1 beta-lactamase (pI 7.4 and a positive PCR result with
specific primers; data not shown).

Although different resistance patterns are observed at dif-
ferent locations, resistance to trimethoprim-sulfamethoxazole,
ampicillin, and tetracycline has been observed worldwide (16,
17, 38, 49). It is difficult to ascertain the selective pressures for
maintenance of the different resistance patterns. It is worth
pointing out that only 2 of 56 (3.5%) strains were resistant to
nalidixic acid and none was resistant to ciprofloxacin. This is in
contrast to E. coli, in which the rate of resistance to fluoro-
quinolones rose from 0.5 to 21% during the same period.
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Perhaps this is due to the fact that E. coli undergoes selective
pressure by quinolones both in humans and in animals but
Shigella undergoes selective pressure only in humans. Certain
reports, however, show that quinolone resistance in Shigella is
emerging, and great differences in the rates of resistance have
been reported (from 0.3 to higher than 50%) (16).

The worldwide distribution of human pathogenic Y. entero-
colitica serotypes varies. In the Mediterranean basin, O3 (bio-
type 4) is the prevalent serogroup (14, 24). The drug of choice
for the treatment of infections caused by microorganisms of
this serogroup has not been identified, but trimethoprim-sul-
famethoxazole, tetracycline or fluoroquinolones, and gentami-
cin or chloramphenicol have been recommended for use in
septicemic patients (4).

In the 1995–1998 period, susceptibility to tetracycline, genta-
micin, and ciprofloxacin remained, but in respect to the 1985–
1987 period, the rates of resistance to trimethoprim-sulfa-
methoxazole (70%) and chloramphenicol (60%) rose. Also, 18
of 20 strains (90%) were resistant to both streptomycin and
sulfonamides.

Several publications from 1977 to 1995 (15, 22, 30, 31, 42)
that have described the results of studies with Y. enterocolitica
strains of various biotypes and from different locations have
reported heterogeneous results for susceptibility to beta-lac-
tam antibiotics, but in all the studies performed Y. entero-
colitica was found to be susceptible to the non-beta-lactam
antibiotics, with only anecdotal resistance to sulfonamides,
streptomycin, or chloramphenicol. However, the sulfonamide-
streptomycin resistance association was also observed by Sori-
ano and Vega (41) in 17% of 72 O3 strains in 1982 and by
Pérez Trallero et al. (29) in 46% of 68 O3 strains in 1986.
These data suggest the presence of an integron (20).

Tetracycline resistance is very common in most members of
the family Enterobacteriaceae and has been considered the
antibiotic to which resistance is most extended in nature (35),
with the rate of resistance being greater than 70% in E. coli in
our laboratory. By contrast, Y. enterocolitica remains suscepti-
ble to tetracycline, and a similar observation can be made for
quinolones.

In conclusion, for nearly all enteropathogenic bacteria iso-
lated in our laboratory the rates of resistance to the antibiotics
studied increased between the periods studied.
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M. del Cuerpo, P. Alvarez, and N. Vigil for excellent technical support
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