
International Journal of Antimicrobial Agents 18 (2001) 353–358

Original article

Antibiotic resistance in Escherichia coli isolates obtained from
animals, foods and humans in Spain

Yolanda Sáenz a, Myriam Zarazaga a, Laura Briñas a, Marta Lantero b,
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Abstract

Antibiotic resistance was investigated in 474 Escherichia coli isolates recovered from animal faeces (broilers, pigs, pets, bulls and
horses), human faeces (patients and healthy volunteers) and food products of animal origin. E. coli isolates (3260) recovered from
human significant infectious samples were also included. There was a high frequency of nalidixic acid, ciprofloxacin and
gentamicin resistance in E. coli isolates from broilers (88, 38 and 40%, respectively), and from foods (53, 13 and 17%). High levels
of resistance to trimethoprim–sulphamethoxazole and tetracycline have been found in E. coli isolates from broilers, pigs and
foods. These data raise important questions about the potential impact of antibiotic use in animals and the possible entry of
resistant pathogens into the food chain. © 2001 Elsevier Science B.V. and International Society of Chemotherapy. All rights
reserved.
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1. Introduction

Antibiotics are used for therapeutic and prophylac-
tic purposes in animals and humans, and some of
them have also been used as growth promoters to
improve animal production. Antibiotics with similar
structure are being used in medical and veterinary
practice. The correlation between intensive use of an-
timicrobial agents and development of resistant bacte-
ria is well documented for pathogenic bacteria [1], but
there is less information about the impact on com-
mensal bacteria that commonly colonise the intestinal
tract of humans and animals. Endogenous bacterial
flora may play an important role as acceptor and
donor of transmissible drug resistance genes [2,3]. Es-
cherichia coli is commonly found in the intestinal

tract of humans and animals [3,4] and can also be
implicated in human and animal infectious diseases
[1]. Animal food products are an important source of
E. coli as faecal contamination of carcasses at the
slaughterhouse is frequent. These microorganisms and
their possible resistance determinants may be trans-
mitted to humans if these foods are improperly
cooked or otherwise mishandled. The level of antibi-
otic resistance in E. coli represents a useful indicator
of the resistance dissemination in bacterial popula-
tions. There are some reports in which antibiotic sus-
ceptibility of E. coli isolates from healthy humans
[5–7] or animals [3,8–11] have been studied, but in
few cases comparative results have been shown [7,12]
or isolates from foods analysed.

The objective of our study was to determine and
compare antibiotic resistance frequencies in E. coli
isolates recovered from faecal samples of humans and
animals, as well as from food products of animal
origin.
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2. Materials and methods

Isolates of E. coli included in this study were ob-
tained over the period 1997–1999 from human and
animal faecal samples and from foods of animal origin.
Human faecal samples were collected from: in- and
out-patients (235 samples, named as ‘human faeces-P’)
of San Millán Hospital (La Rioja, Spain); and healthy
volunteers who had not been treated with antibiotics
for at least 3 months preceding sampling (40 samples,
named as ‘human faeces-HV’). Faecal samples of
healthy animals were taken from food producing ani-
mals (40 broilers and 74 pigs, collected during eviscera-
tion in slaughterhouses) and other animals (28 dogs, 5
cats, 35 fighting bulls and 5 horses). Food products of
animal origin (69 samples) obtained from 14 local
supermarkets and poultry shops in La Rioja (Spain)
were also analysed (Table 1). All faecal and food
samples were analysed as follows: 0.5 g of the sample
was suspended in sterile saline solution (dilution 1/10
w/v) and 25 �l were plated onto non-supplemented
Levine agar plates and incubated at 37 °C for 24 h.
One suspected E. coli colony from each sample (on the
basis of colony size and morphology) was selected for
identification [13] and further studies. A total of 474 E.
coli isolates were recovered from all these samples
(Table 1).

E. coli isolates obtained during 1999 from human
clinical samples (urine, blood, wound, etc.) in the rou-
tine work at the San Millán Hospital (La Rioja, Spain)
were also included in this study. These isolates (n=

3260) were designated E. coli from ‘human infectious
samples’.

Antimicrobial susceptibility testing was carried out
by the agar disk diffusion method [14] on Müeller–Hin-
ton agar plates. The antibiotics tested were the follow-
ing: nalidixic acid, ciprofloxacin, gentamicin,
kanamycin, amikacin, tobramycin, ampicillin, amoxy-
cillin–clavulanic acid, trimethoprim–sulphamethoxa-
zole, ceftazidime, cefotaxime, cefoxitin, imipenem,
tetracycline, chloramphenicol and fosfomycin. Suscepti-
bility tests followed NCCLS breakpoints [14].

3. Results and discussion

During the study period, 474 E. coli isolates were
recovered from 532 samples obtained from human or
animal faeces or from food products (Table 1). A high
frequency of E. coli isolation (47 isolates of 69 samples,
68%) was obtained from supermarket poultry products.
This was not surprising as E. coli is a normal inhabitant
of the chicken intestine [4] and contamination may
occur during evisceration.

The results of the in vitro susceptibility testing of E.
coli isolates of different sources, are shown in Table 2.
Higher frequencies of nalidixic acid, ciprofloxacin, gen-
tamicin and kanamycin resistances occurred in E. coli
isolates from broilers (88, 38, 40 and 38%, respectively)
and food products (53, 13, 17 and 40%, respectively),
than from the other sources whose ranges of resistance
were the following: 0–21, 0–3, 0–7 and 5–20%, respec-
tively (Table 2). Sixteen and 8% of E. coli isolates from
human clinical samples, were resistant to ciprofloxacin
and gentamicin, respectively.

In the period 1992–1993, 7% E. coli from healthy
chickens in Spain were found to be resistant to
ciprofloxacin [9] and a recent study showed a high
percentage of intestinal colonisation by ciprofloxacin
resistant E. coli isolates in healthy chickens [15]. A high
prevalence of ciprofloxacin resistance was detected in E.
coli isolates from turkeys and turkey farmers (49 and
29%, respectively) in contrast to pig or pig farmer
faecal samples (1–2%) in The Netherlands [16]. The
authors of this last study commented that at that time
enrofloxacin (a quinolone similar to ciprofloxacin, used
in veterinary medicine) was commonly used for turkeys
but not for pigs. A ciprofloxacin resistance level of 8%
has also been reported recently in E. coli from pig
faeces in Spain [17]. The high prevalence of E. coli
resistant to ciprofloxacin in broilers compared with pig
isolates in our study might also reflect a higher use of
quinolones for chickens than in pigs or other animals.

A low frequency of ciprofloxacin resistance was
found in E. coli isolates from human faecal samples and
similar results have been reported by other authors
[6,18,19]. In another study, the use of selective plates

Table 1
Source of the samples analysed and E. coli strains isolated from them

Samples E. coli isolates

Origin No.No.

Faeces of
235Human-Pa 214

40Human-HVb 36
40 40Broilers
74Pigs 73
28/5Pets: dogs/cats 25/3
36/5Bulls/ horses 32/4

Foods
1628Hamburger, sausage and minced

chicken
20 16Skin of chicken

9Caecum of chicken 9
Breast of chicken 4 1

5Pre-cooked chicken foods 3
3Turkey products 2

Human infectious samples 3260c

a Human-P: human-patients.
b Human-HV: human-healthy volunteers.
c These E. coli isolates were obtained in the routine work at the

Microbiology Laboratory during 1999.
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Table 2
Resistance percentages to 16 antibiotics in E. coli isolates of different origins

E. coli no. Resistance (%)a toOrigin of samples

NALX CIPX GEN KAN AMK TOB AMPC AMOX/CA IMIP CFOX CTAZ CTAX SMX/TMP TET CHL FOS

Faeces of
214 11b 1 4 15b 0 3 39Human-patients 6 0 1 0 0 19 35 9 1

Human-healthy volunteers 36 6 0 0 6 0 0 31 11 0 0 0 0 3 25 6 0
40 88 38 40 38 0 5 58 5 0 2Broilers 0 0 65 75 12 0
73 14 3 7 20 0 7 29Pigs 6 0 0 0 0 48 68 15 2

Pets/bulls/horses 64 8 0 2 5 0 3 31 6 0 0 0 0 19 39 5 0
3260 –c 16Human infectious samples 8 NDd 0e 6 62 11 0.1 2 0.4 0.5 36 ND 17f 4

47 53 13 17 40 0 6 47 13 0 6 0 0Foods 34 53 8 4

a NALX, nalidixic acid; CIPX, ciprofloxacin; GEN, gentamicin; KAN, kanamycin; AMK, amikacin; TOB, tobramycin; AMPC, ampicillin; AMOX/CA, amoxycillin–clavulanic acid; IMIP, imipenem; CFOX, cefoxitin;
CTAZ, ceftazidime; CTAX, cefotaxime; SMX/TMP, trimethoprim–sulphamethoxazole; TET, tetracycline; CHL, chloramphenicol; FOS, fosfomycin.

b Percentages were calculated with data from 120 E. coli isolates.
c Pipemidic acid resistance was 30%.
d ND, not determined.
e Amikacin resistance was determined in 23 of the E. coli isolates.
f Chloramphenicol resistance was determined in 386 of the E. coli isolates.
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supplemented with ciprofloxacin for isolation of resis-
tant E. coli strains resulted in finding a high frequency
of human faecal colonisation [15]. These results suggest
that a high percentage of humans may be colonised in
the intestinal tract by ciprofloxacin-resistant E. coli
isolates. These may be in low numbers only but could
be selected by the use of quinolones. An increase in the
rate of ciprofloxacin resistance in E. coli isolates ob-
tained from human clinical infections has been reported
[1,15,20,21]. Ciprofloxacin resistance frequencies of
21.6% have been reported for E. coli isolated from
complicated urinary tract infections in Spain [22] and
Threlfall et al. [1] reported 6% resistant strains in E. coli
from blood samples in England and Wales. Our study
shows that 16% of the E. coli isolates from human
infectious samples were ciprofloxacin resistant.

In our study, a 40 and a 17% of resistance to
gentamicin have been found in E. coli isolates from
broilers and food of chicken origin. Different frequen-
cies of gentamicin resistance have been reported previ-
ously for E. coli isolates from chicken: 90% for healthy
animals in Saudi Arabia [23] and 8 and 14% for healthy
and septicaemic chickens in Spain [9]. By contrast, our
study showed a lower incidence of gentamicin resistance
in E. coli isolates from pigs than from broilers. Low
levels of gentamicin resistance has been reported in
isolates from pigs [17] although in farms with high-use
of antibiotics, the incidence was higher [10]. The differ-
ence in ages of the pigs in our study (slaughterhouse)
and those analysed by Mathew et al. [10] (sows to pigs
of 63 days) could explain the different resistance levels.
One-quarter of our gentamicin resistant E. coli were
also apramycin-resistant. Apramycin is an aminogly-
coside, structurally related with gentamicin, with an
exclusively veterinary use. This antibiotic could have
selected apramycin-resistant E. coli strains producing
AAC(3)-IV enzyme, that in addition are gentamicin
resistant [24,25].

The frequency of gentamicin resistance detected in E.
coli isolates obtained from human faeces-HV, human
faeces-P or human clinical samples were 0, 4 and 8%,
respectively. Higher levels of gentamicin resistance (8–
38%) have been recently reported in E. coli faecal
isolates from healthy humans [18,19,23] and from hu-
man clinical specimens [23,26].

The frequencies of ampicillin resistance among E. coli
isolates from broilers and foods were 58 and 47%,
respectively, with fewer isolated from the other origins
(29–39%) (Table 2). All studied isolates from these
groups were susceptible to imipenem, ceftazidime or
cefotaxime and only 34 of the 474 isolates were resis-
tant to amoxycillin–clavulanic acid (20% of those resis-
tant to ampicillin). The level of ampicillin resistance in
E. coli from human clinical specimens (62%) was simi-
lar to other studies at [19,22,23], whereas resistance
rates to imipenem, cefotaxime and ceftazidime were

lower than 1%. High frequencies of ampicillin resis-
tance have also been reported previously in isolates
from healthy chickens in Saudi Arabia (89%) and from
healthy chickens and pigs in Spain (66–72%) [9,17,23].
Eighteen per cent of ampicillin resistance was found in
E. coli isolated from faecal samples of veterinarians [5],
54% in poultry workers [23] and 47–60% (depending on
the age) in healthy population in Shangai [19].

The highest frequencies of trimethoprim–sul-
phamethoxazole, tetracycline and chloramphenicol re-
sistance were observed in isolates from broilers (65, 75
and 12%, respectively) and pigs (48, 68 and 15%), and
lower frequencies were detected from the other sources
(ranges of resistance: 3–19, 25–39 and 5–9%, respec-
tively) (Table 2). In the group of E. coli isolates ob-
tained from human clinical specimens there was a high
level of chloramphenicol resistance (17%). Frequencies
in the range of 59 to 92% for trimethoprim–sul-
phamethoxazole resistance have been reported previ-
ously for healthy and sick chickens [9,23] and dogs [8].
High rates of tetracycline resistance have also been
reported by other authors in faecal samples of healthy
and sick chickens (94–99%), healthy pigs (77–95%),
healthy dogs or with diarrhoea (60%) [8–10,17,23].
Lower frequencies of tetracycline resistance have been
detected in this study in E. coli isolates from human
faecal samples of healthy volunteers (25%) or patients
(35%), than in isolates from non-human origin. Similar
frequencies were detected in healthy volunteers in The
Netherlands [18] and in clinical isolates in England and
Wales [1].

Frequencies of 5–17% of chloramphenicol resistance
have been found in the E. coli isolates in our study.
Resistance frequencies of 29–59% have been reported
for E. coli isolates from healthy chickens and pigs in
Spain [9,17] and lower values (0–13%) in faecal E. coli
isolates of healthy pigs in other European countries
[3,11]. Resistances of 4–73% in E. coli isolates from
healthy volunteers have been reported [5,6,18,19,23]. A
resistance rate of 10% has been reported for E. coli
isolates from blood and cerebrospinal fluid samples [1],
and of 28% in faecal samples of human patients in
Saudi Arabia [23].

The percentage of E. coli isolates with resistance to
up to six different antibiotics (nalidixic acid, gentam-
icin, ampicillin, trimethoprim–sulphamethoxazole, te-
tracycline, and chloramphenicol) is shown in Fig. 1.
70.3% of E. coli isolates from human faeces (either
from patients or healthy volunteers) showed resistance
to none or only one of the six antibiotics, and only
6.3% of the isolates of this group were resistant to �4
antibiotics. In contrast, 50% of E. coli isolates from
broilers were resistant to �4 antibiotics, and only 2.5%
were susceptible to all antibiotics. E. coli isolates from
pets, bulls and horses had a similar distribution to
human strains. Isolates from food products or pigs
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Fig. 1. Resistance of E. coli isolates of different origins to a variety of antibiotics (the antibiotics considered were: nalidixic acid, ampicillin,
tetractycline, gentamicin, trimethoprim–sulphamethoxazole, chloramphenicol). X-axis represents the number of antibiotics to which isolates are
resistant.

occupy an intermediate position although isolates from
food products show more frequently multiresistance
than those from pigs. Al-Ghamdi et al. [23] have also
found that E. coli isolates from healthy chickens fre-
quently show antibiotic multiresistance.

All but two chloramphenicol resistant E. coli isolates
obtained either from human or animal faecal samples,
or from food products, also showed tetracycline resis-
tance. The percentages of isolates resistant to both
ampicillin and gentamicin among our E. coli were as
follows: 22% in broilers (56% of these isolates were
ciprofloxacin resistant), 13% in foods, 7% in pigs, 3% in
human faeces-P, 2% in pets/bulls/horses and 0% in
human faeces-HV. Nalidixic acid and tetracycline resis-
tance occurred in 65% of isolates of broilers, 34% of
foods, 11% of pigs, 10% of human faeces-P, 7% of pets,
3% of human faeces-HV, but no bulls/horses.

In conclusion, differences in antibiotic resistance fre-
quencies were detected in E. coli isolates, from different
sources (human, broiler, pig, pet, food, etc.). These
differences could reflect the specific use of antibiotics in
these groups. The high prevalence of quinolone and
gentamicin resistance in E. coli isolates from broilers
and the high level of trimethoprim–sulphamethoxazole
and tetracycline resistance in E. coli from broilers and
pigs is worrying. The increasing prevalence of resistance
in the isolates of human origin may have important
therapeutic implications. More restrictive policies on
the use of antibiotics in animals may result in an
improvement of the current situation.
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