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Abstract
Background: Antimicrobial usage is considered the most important factor promoting the
emergence, selection and dissemination of antimicrobial-resistant microorganisms in both
veterinary and human medicine. The aim of this study was to investigate the prevalence and genetic
basis of tetracycline resistance in faecal Escherichia coli isolates from healthy broiler chickens and
compare these data with isolates obtained from hospitalized patients in Jamaica.

Results: Eighty-two E. coli strains isolated from faecal samples of broiler chickens and urine and
wound specimens of hospitalized patients were analyzed by agar disc diffusion to determine their
susceptibility patterns to 11 antimicrobial agents. Tetracycline resistance determinants were
investigated by plasmid profiling, transformations, and amplification of plasmid-borne resistance
genes. Tetracycline resistance occurred at a frequency of 82.4% in avian isolates compared to 43.8%
in human isolates. In addition, among avian isolates there was a trend towards higher resistance
frequencies to kanamycin and nalidixic acid (p < 0.05), while a greater percentage of human isolates
were resistant to chloramphenicol and gentamicin (p < 0.05). Multiple drug resistance was found
in isolates from both sources and was usually associated with tetracycline resistance. Tetracycline-
resistant isolates from both avian and human sources contained one or several plasmids, which
were transmissible by transformation of chemically-competent E. coli. Tetracycline resistance was
mediated by efflux genes tetB and/or tetD.

Conclusion: The present study highlights the prevalence of multiple drug resistant E. coli among
healthy broiler chickens in Jamaica, possibly associated with expression of tetracycline resistance.
While there did not appear to be a common source for multiple drug resistance in the strains from
avian or human origin, the genes encoding resistance are similar. These results suggest that genes
are disseminated in the environment and warrant further investigation of the possibility for avian
sources acting as reservoirs for tetracycline resistance.

Background
Antibiotic usage is possibly the most important factor that
promotes the emergence, selection and dissemination of

antibiotic-resistant microorganisms in both veterinary
and human medicine [1,2]. This acquired resistance
occurs not only in pathogenic bacteria but also in the
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endogenous flora of exposed individuals (animals and
humans) or populations [3-6]. In intensively reared food
animals, antibiotics may be administered to whole flocks
rather than individual animals, and antimicrobial agents
may be continuously fed to food animals such as broilers
and turkeys as antimicrobial growth promoters. Therefore
the antibiotic selection pressure for resistance in bacteria
in poultry is high and consequently their faecal flora con-
tains a relatively high proportion of resistant bacteria [7].

In Jamaica, chicken is considered to be the most widely
produced and consumed meat protein, five times more
than beef and 10 times more than pork. Over the period
1998 – 2002, Jamaica's local poultry production yielded
approximately 380 M kg with a monetary value of nearly
$90 billion [8]. Chicken farms are widely distributed
throughout the island with the majority being located on
the south coast and large commercial operations account-
ing for 65–70% of total broiler production [8]. Thus, the
high consumption of chicken meat warrants great care in
safeguarding the industry against threatening factors.

At slaughter, resistant strains from the gut may contami-
nate poultry carcasses and as a result poultry meats are
often associated with multiresistant E. coli [9-11]; likewise
eggs become contaminated during laying [12]. Hence,

antimicrobial resistant faecal E. coli from poultry can
infect humans both directly and via food. Although rare,
these resistant bacteria may colonize the human intestinal
tract and may also contribute resistance genes to human
endogenous flora.

However, the mechanism of spread of antibiotic resist-
ance from food animals to humans remains controversial.
Colonization of the intestinal tract with resistant E. coli
from chicken has been shown in human volunteers [13]
and there is historical evidence that animals are a reservoir
for E. coli found in humans [14]. Further, spread of anti-
biotic resistance plasmids in E. coli from chickens to
human handlers [15,16] or of antibiotic-resistant micro-
organisms from poultry to humans in various countries
[13,17-19] has been reported. Resistance has been found
in organisms common to both humans and animals, such
as Salmonella spp., Campylobacter spp. and enterococci
among others [20]. Due to the intricate balance of micro-
flora of different habitats within the ecosystem, the trans-
fer of resistance genes among bacteria occupying different
habitats has the potential to occur frequently. Resistance
genes may be transferred vertically among bacteria of dif-
ferent genera and families [21] or horizontally among dif-
ferent bacterial species within the same genus or family
[22,23].

Table 1: Percentages of E. coli isolates from avian and human sources susceptible (S), intermediate (I) and resistant (R) to 
antimicrobial agents by NCCLS disc diffusion methods.

Antimicrobial agent (µg) Diffusion zone 
breakpoint 

(mm)

Avian isolates (n = 34) Human isolates (n = 48)

S I R S I R

Aminoglycosides
Gentamicin (10) ≤ 12 100 0 0 60.4 6.3 33.3
Kanamycin (30) ≤ 13 2.9 5.9 91.2 8.3 18.8 43.8

β-lactams
Ampicillin (10) ≤ 13 73.5 5.9 20.6 58.3 6.3 35.4
Amoxicillin/clavulanate (20) ≤ 13 85.3 11.8 2.9 79.2 18.8 2.1

Phenicols
Chloramphenicol (30) ≤ 12 88.2 8.8 2.9 68.8 6.3 25

Quinolones
Ciprofloxacin (5) ≤ 15 64.7 26.5 8.8 89.6 0 10.4
Enrofloxacin (5) ≤ 17 32.4 38.2 29.4 89.6 0 10.4
Nalidixic acid (30) ≤ 13 11.8 2.9 85.3 89.6 0 10.4
Norfloxacin (5) ≤ 12 64.7 14.7 20.6 91.7 2.1 6.3
Ofloxacin (5) ≤ 12 85.3 2.9 11.8 91.7 0 8.3

Tetracyclines
Tetracycline (30) ≤ 14 17.6 0 82.4 39.6 16.7 43.8
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Molecular tools have been used to correlate animal asso-
ciated pathogens with similar pathogens affecting
humans and to clearly demonstrate transferable resistant
genes carried by plasmids common to both animals and
humans [2,21,24,25]. The possibility for transfer of anti-
biotic resistance genes among humans, animals and the
environment [22] is a direct threat to public health. This
threat prompts ongoing research into emerging resistance
mechanisms, novel approaches to antimicrobial efficacy
and stringent control measures in the prudent use of anti-
microbials in animal and human medicine. As the possi-
bility of transfer of tetracycline-resistant bacteria from
animals to humans is controversial, tetracycline-resistant
E. coli isolates from poultry and humans sources were ana-
lysed for plasmid diversity and the presence of specific
genes associated with tetracycline resistance.

The aim of this study was to investigate the prevalence and
genetic basis of tetracycline resistance in commensal E.
coli strains isolated from healthy broiler chickens and
compare these data with isolates obtained from hospital-
ized patients.

Results
Antimicrobial susceptibility
A total of 82 isolates of E. coli were analysed, 34 from
broiler chickens and 48 from humans. The percentage of
isolates susceptible, intermediate and resistant to each
antimicrobial agent is outlined in Table 1. There was a
trend towards higher resistance frequency among avian
isolates, especially to kanamycin, nalidixic acid and tetra-

cycline (p < 0.05). However, a greater percentage of
human isolates were resistant to chloramphenicol and
gentamicin (p < 0.05). All avian isolates were susceptible
to gentamicin, and there was no significant difference
between resistance rates for the β-lactams and the fluoro-
quinolones for avian and human isolates. No tetracycline-
resistant E. coli isolate was recovered from feed and water
samples from any of the five farms.

Of the aminoglycosides included in the panel, the suscep-
tibility results were varied with 91.2% and 0% of avian E.
coli isolates expressing resistance to kanamycin and gen-
tamicin respectively. Avian E. coli expressed resistance to
the β-lactams, ampicillin and amoxicillin/clavulanic acid
at frequencies of 20.6% and 2.9% respectively. Tetracy-
cline resistance occurred at a frequency of 82.4%. Among
the fluoroquinolones, ciprofloxacin, enrofloxacin, nor-
floxacin and ofloxacin, resistance expressed by the isolates
were relatively similar at 11.8%, 29.4%, 20.6% and 14.7%
respectively. Among the avian E. coli isolates, frequency of
resistance to the first generation quinolone nalidixic acid
was approximately four-fold greater when compared with
the fluoroquinolones. This difference was statistically sig-
nificant (p < 0.05).

Most of the human E. coli isolates were susceptible to the
antimicrobial agents used in the study; and 43.8% and
33.3% showed resistance to the aminoglycosides, kan-
amycin and gentamicin, respectively, and 43.8% were
resistant to tetracycline. An expected difference was
observed in the resistance pattern of these isolates to the

Table 2: Prevalence of multiple resistant patterns in avian and human E. coli isolates

Number of 
antimicrobials 
resistant

Avian isolates (n = 34) Human isolates (n = 48)

Antimicrobial resistance pattern (ARP) ARP 
frequency

Antimicrobial resistance pattern (ARP) ARP 
frequency

0 - 0 - 13
1 Km; Nal 1;1 Km; Tet; Gen 5;1;1
2 Km-Amp; Km-Nal; Km-Tet; Nal-Tet 3;1;1;1 Km-Gen; Km-Cm; Km-Tet 4;1;1
3 Km-Nal-Tet 14 Km-Gen-Cm; Km-Tet-Amp; Km-Gen-Ofx; Tet-

Cm-Amp; Km-Gen-Tet
2;4;1;1;1

4 Km-Nal-Tet-Enr; Km-AMC-Nal-Tet; 4;1 Km-Gen-Tet-Amp; Km-Tet-Cm-Amp 3;3
5 Km-Nal-Tet-Nor-Enr; Km-Nal-Tet-Amp-Nor 1;1 Km-Tet-Cm-Amp-AMC 1
6 Km-Nal-Tet-Ofx-Nor-Enr 1 - 0
7 Km-Nal-Tet-Ofx-Nor-Cip-Enr; Nal-Amp-Tet-Ofx-

Nor-Cip-Enr
1;1 Km-Gen-Nal-Tet-Enr-Cm-Amp; Km-Gen-Tet-Cip-

Enr-Amp-Cm; Km-Tet-Cip-Enr-Nor-Ofx-Amp; 
Km-Gen-Nal-Tet-Cip-Cm-Amp; Km-Nal-Tet-Ofx-
Nor-Cip-Amp

1;1;1;1;1

8 Km-Nal-Amp-Tet-Ofx-Nor-Cip-Enr 1 Km-Nal-Tet-Cip-Enr-Nor-Ofx-Cm 1
≥9 Km-Nal-Tet-Amp-Ofx-Nor-Cip-Enr-Cm 1 Km-Gen-Amp-Nal-Tet-Cip-Enr-Nor-Ofx 1

Key: Km = kanamycin; Gen = gentamicin; Nal = nalidixic acid; Amp = ampicillin; Tet = tetracycline; AMC = amoxicillin/clavulanate; Cip = 
ciprofloxacin; Enr = enrofloxacin; Nor = norfloxacin; Ofx = ofloxacin; Cm = chloramphenicol
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β-lactams, ampicillin (35.4%) and amoxicillin/clavulanic
acid (2.1%). There was a similar low level of resistance to
the quinolone family (≤ 10.4%).

The prevalence of multiple resistance patterns in avian
and human E. coli isolates is given in Table 2. The resist-
ance pattern most frequently observed in avian isolates
was resistance to kanamycin in combination with nalid-
ixic acid and tetracycline (41.2%). This resistance pattern
was observed in avian isolates resistant to four or more
antimicrobials and human isolates resistant to seven or
more antimicrobials. The next most frequent resistance
phenotypes were resistance to kanamycin, nalidixic acid,
tetracycline and enrofloxacin at 11.8%, and kanamycin
and ampicillin at 8.8%. The remaining 13 avian E. coli iso-

lates exhibited a single unique phenotypic pattern and of
this, 23% were resistant to 2 antimicrobials, 15.4% were
resistant to one antibiotic and 61.5% exhibited unique
multiple resistance pattern to ≥ 4 antimicrobials (Table 2;
Figure 1). Multi-drug resistance was defined as resistance
exhibited to three or more antimicrobials.

Among the human E. coli isolates, 72.9% expressed resist-
ance to one or more antimicrobials and 18.8% were resist-
ant to three antimicrobials (Table 2; Figure 1).
Approximately 15% of human isolates showed resistance
to a single antibiotic (kanamycin, tetracycline or gen-
tamicin), and resistance to two and four antibiotics
occurred at a frequency of 12.5% each. Resistance to five
or more antibiotics occurred at frequencies of less than
7%.

Isolates that were resistant to other agents were examined
for their susceptibilities to tetracycline (Table 3), and iso-
lates resistant to tetracycline were examined for their sus-
ceptibilities to other agents (Table 4). Cross-resistance to
the various classes of antimicrobials was observed, how-
ever, most of these isolates were resistant to tetracycline.
Notable exceptions were the ampicillin-resistant avian
isolates and the kanamycin-resistant human isolates, of
which 42.9% and 37.5%, respectively, were susceptible to
tetracycline (Table 3). On the other hand, between 10.4
and 42.4% of tetracycline-resistant (Tet-R) avian isolates
were resistant to the fluoroquinolones, in particular enro-
floxacin, with almost all being resistant to nalidixic acid
and kanamycin (Table 4). Most (96.4%) of the Tet-R
human isolates were resistant to ampicillin and kanamy-
cin, followed by chloramphenicol (42.9%), gentamicin
(38.1%) and the fluoroquinolones (14.3–23.8%).
Although not statistically significant, it was interesting to
note that a greater percentage of human isolates were
resistant to enrofloxacin.

Prevalence of multiple antimicrobial resistance in avian and human E. coli isolatesFigure 1
Prevalence of multiple antimicrobial resistance in avian and 
human E. coli isolates.

Table 3: Tetracycline susceptibilities of isolates resistant to other antimicrobials

Agent to which isolate was 
resistant

Avian isolates (n = 34) Human isolates (n = 48)

No. of isolates Isolates susceptible to 
tetracycline (%)

No. of isolates Isolates susceptible to 
tetracycline (%)

Ampicillin 7 3 (42.9)* 17 0 (0.0)
Amoxicillin/clavulanate 1 0 (0.0) 1 0 (0.0)
Chloramphenicol 1 0 (0.0)* 12 3 (25.0)
Ciprofloxacin 4 0 (0.0) 5 0 (0.0)
Enrofloxacin 10 0 (0.0) 5 0 (0.0)
Gentamicin 0 0 16 0 (0.0)
Kanamycin 31 5 (16.1)* 32 12 (37.5)
Nalidixic acid 29 2 (6.9)* 5 0 (0.0)
Norfloxacin 7 0 (0.0) 3 0 (0.0)
Ofloxacin 5 0 (0.0)* 4 1 (25.0)

* p < 0.05 vs. human isolates
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Plasmid profiling and transformations
One or more plasmid bands between 2 kb and ≥ 12 kb
were observed in all but seven avian and eight human tet-
racycline-resistant isolates (Figure 2). Defining different
profiles as ones differing in at least one plasmid band, six
plasmid profiles were observed among the avian isolates
and three plasmid profiles were observed among the
human isolates.

Purified plasmids from tetracycline resistant isolates were
used to transform chemically-competent E. coli JM109
(DE3) (Promega), however only the 12 kb plasmid was
recovered from transformants. Transformants had similar
antimicrobial susceptibilities to donor strains (data not
shown).

Digestion of these 12-kb plasmids with EcoR1, BamH1
and Hind111, did not reveal any significant polymor-
phisms (data not shown).

Tetracycline-resistance genes
Tetracycline-resistance genes of E. coli strains expressing
tetracycline resistance were amplified in PCR with primers
targeting tetracycline efflux genes tetB and/or tetD. PCR
products were obtained for all 21 Tet-R avian and 13
human isolates (Figure 3).

Discussion
In this study we examined antimicrobial resistance in
commensal E. coli isolates from broiler chickens and com-
pared them to clinical isolates from hospitalized patients.
Because of the geographic sampling of the avian isolates,
this surveillance provides a representative sample of the
resistance trends in the Jamaican poultry industry.

Compared with the other antimicrobial agents used in
this study, avian isolates were susceptible to gentamicin,
amoxicillin/clavulanate and chloramphenicol. However,

increasing resistance frequencies were noted for the fluor-
oquinolones, in the apparent absence of selection pres-
sure.

There is strong evidence that the use of antimicrobial
agents can lead to the emergence and dissemination of
resistant E. coli [13,15,16,26-28], which can then be
passed onto people via food or through direct contact
with animals. However, there are increasing numbers of
reports detailing circulation and amplification of antimi-
crobial resistance genes, including tetracycline resistance
in the environment [22,30,29,31,32], which could facili-
tate the emergence and spread of antibiotic resistance in
bacteria. The finding of multiple drug resistant commen-
sal E. coli isolates from broiler chickens from farms that
did not report antibiotic use concurs with these latter
reports. Rysz and Alvarez [31] demonstrated that bacteria
in the soil could acquire resistance to tetracycline from
environmental exposure, possibly creating a reservoir of
resistance factors generated outside host animals. Their
finding suggests that collection of environmental samples
from a farm is important for accessing exposure to resist-
ance factors from farm runoff in watersheds, except in
cases where soil is augmented with organic fertilizer.
Sayah et al. [32] reported that farm environmental isolates
showed reduced susceptibility (as measured by disc diffu-
sion zone sizes) compared to faecal sample isolates to
most agents studied. They suggested that non-sampled
sources, e.g., farm workers and wildlife with access to the
farm environment, could be sources of resistance factors.
We concur with this as a possible source of resistance
determinants in our study.

Antimicrobial resistance to tetracycline, kanamycin and
nalidixic acid was noted among avian E. coli isolates
(Table 1). The presence and frequency of tetracycline
resistance in E. coli from chickens agree with findings of
other studies on antibiotic resistance in E. coli [16,32]. The

Table 4: Susceptibilities of tetracycline-resistant isolates to other antibiotics

Antimicrobial agent Isolates susceptible

Avian isolates (%) (n = 28) Human isolates (%) (n = 21)

Ampicillin 24 (85.7)* 4 (19.0)
Amoxicillin/clavulanate 27 (96.4) 20 (95.2)
Chloramphenicol 27 (96.4)* 12 (57.1)
Ciprofloxacin 25 (89.3) 16 (76.2)
Enrofloxacin 16 (57.6) 13 (61.9)
Gentamicin 28 (100.0)* 13 (61.9)
Kanamycin 1 (3.6) 2 (9.5)
Nalidixic acid 1 (3.6)* 16 (76.2)
Norfloxacin 21 (75.0) 18 (85.7)
Ofloxacin 24 (85.7) 18 (85.7)

*p < 0.05 vs. human isolates
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patterns of resistance to tetracycline have been attributed
in part to widespread and lengthy use of tetracycline in the
poultry industry [3,4,6,15,16]. Since tetracycline is a nat-
urally derived compound, bacteria can be exposed to
these agents in nature and outside any human use for dis-
ease treatment, for prophylaxis, or for livestock growth
promotion. Tetracycline is a commonly used first line
antibiotic for many domestic animals and is often used
before the antibiotic resistance profile of a pathogen has
been determined. Resistance to tetracycline is plasmid
mediated, with a wide variety of genetic determinants
[33]. This makes it more possible for a susceptible bacte-
rium to acquire resistance factors by conjugation, or by
transformation, as was demonstrated in this study.

Low levels of resistance were observed for ofloxacin, cip-
rofloxacin and gentamicin. The observation that over 85%
of avian E. coli isolates were resistant to nalidixic acid
(concomitant with reduced susceptibilities to the fluoro-
quinolones) is important considering that the fluoroqui-
nolones are used to treat a range of E. coli infections in
humans [34]. This finding concurs with previous reports
[16,35], and underscores the need to monitor quinolone-
and fluoroquinolone-resistant bacteria in poultry produc-
tion as their emergence is an important health concern
among most in the food safety community. This is against
the background that nalidixic acid selects for low-level
resistance to ciprofloxacin (and possibly other fluoroqui-
nolones) [36]. While quinolone resistance involves chro-
mosomal mutations that reduce membrane permeability
and decrease drug accumulation or alter DNA topoi-
somerases, resistance to fluoroquinolones is most associ-
ated with mutations in DNA gyrase [36,37].

Aminoglycoside resistance in E. coli most often occurs by
aminoglycoside-modifying enzymes [38,39] encoded on
transmissible plasmids [40]. It is not surprising that more
isolates were resistant to kanamycin when compared to
gentamicin, as kanamycin is susceptible to the largest
number of enzymes. Conversely, resistance to gentamicin
is mediated by modifications at few sites on the molecule.

Multi-drug resistance (to at least three antimicrobials) was
found in E. coli from both avian and human sources
(Table 2; Fig. 1), but was higher in frequency and propor-
tion in avian isolates. However, when these multi-drug
resistant organisms were compared, it is clear that they do
not have common sources of resistant bacteria. Most
avian multi-drug resistant isolates exhibited resistance to
a combination of antimicrobials that included kanamy-
cin, tetracycline and nalidixic acid, while most human iso-
lates were resistant to kanamycin and tetracycline or
kanamycin and gentamicin. This suggests that avian iso-
lates that were Tet-R are more likely to become resistant to
additional antimicrobial agents. Resistance to tetracycline
may be conserved in bacterial populations over time,
regardless of selection pressure, which might result in an
overall increase in resistance over time. In addition, it is
likely that avian sources could act as reservoirs for Tet-R
for environmental contamination and human coloniza-
tion. Further, the difference in resistance between the two
groups of isolates can be explained in terms of the interac-
tions of the organisms (associated with the host) and
potential horizontal gene transfer in their respective envi-
ronments.

PCR products of tetracycline resistance determinants B and D from tetracycline resistant avian and human E. coli isolatesFigure 3
PCR products of tetracycline resistance determinants B and 
D from tetracycline resistant avian and human E. coli isolates. 
Lane 1, 1 kb ladder; Lane 2, A13; Lane 3, A16; Lane 4, A19; 
Lane 5, A20; Lane 6, A20T; Lane 7, H60; Lane 8, H62; Lane 9, 
H71; Lane 10, H97.

Gel electrophoresis of plasmids isolated from avian and human E. coli isolatesFigure 2
Gel electrophoresis of plasmids isolated from avian and 
human E. coli isolates. Lanes 1, A7, Lane 2, A17, Lane 3, A28, 
Lane 4, A30, Lane 5, H57, Lane 6, H60, Lanes 7, H61; Lane 8, 
H78; Lanes 9 and 10, blank; Lane 11, Plasmid markers, 
pUC4K (3.9 kb), pTYB11 (7.4 kb) and pHS1 (12 kb).
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To deal with multi-drug resistant organisms, it is usually
recommended that potentially synergistic antimicrobial
combinations be used. We evaluated our isolates for
cross-resistance between tetracycline and other agents.
Isolates resistant to other antimicrobial agents, except
ampicillin, were also resistant to tetracycline. Tetracycline-
resistant strains from avian sources were susceptible to
ampicillin, amoxicillin/clavulanate, chloramphenicol,
ciprofloxacin and gentamicin, but resistant to kanamycin
and nalidixic acid. This indicates limited cross-resistance
and suggests that potential therapeutic options still exist
for poultry colonized by Tet-R E. coli. On the other hand,
a greater percentage of the Tet-R strains from human
sources were resistant to other antibiotics, although 57 –
95% was susceptible to amoxicillin/clavulanate, gen-
tamicin and the quinolones. Among these isolates, there
was significant cross-resistance to the aminoglycosides,
ampicillin, and the quinolones.

Our results indicate that the Tet-R plasmids carried by
avian or human E. coli isolates demonstrate the distribu-
tion of similar resistance determinants in diverse genetic
backgrounds. This probably indicates a low level of expo-
sure as animal hosts with a continuous exposure to tetra-
cycline have a higher percentage of Tet-R E. coli, and these
isolates carry a greater diversity of resistance genes.

In gram negative organisms, including E. coli, tetracycline
resistance is frequently regulated by efflux genes that are
normally associated with large plasmids which are mostly
conjugative. These plasmids often carry other antibiotic
resistance genes, heavy metal resistance genes and/or
other pathogenic factors such as toxins, hence the selec-
tion for any of these factors selects for the plasmid. The
molecular investigations into the underlying tetracycline
resistance mechanisms revealed that 69% of the tetracy-
cline-resistant isolates possessed resistance plasmids
based on successful transformations of a susceptible
strain. It is likely that the remainder of isolates were using
resistance mechanisms based on the chromosome or on
integrons carried on plasmids [41,42]. A mechanism for
tetracycline resistance was investigated using universal
primer pairs based on sequences belonging to the efflux
classes, tetB and tetD [30]. The resulting products of
approximately 1 kb would strongly suggest that tetracy-
cline resistance among the E. coli isolates in this study is
regulated mainly by genes encoding an efflux pump
mechanism. These Tet-R strains contained either tetB or
tetD efflux genes, which together with the absence of pol-
ymorphism in the plasmid RFLP data, suggest that there is
a similarity of tetracycline resistance mechanism in these
organisms. Since many human and poultry commensal
bacteria carry the same tet genes, plasmids, transposons
and integrons as disease-causing species [43], our results

suggest that these agents could be transferred to disease-
causing bacteria.

Conclusion
In conclusion, the results of this study provide evidence
for significant antimicrobial resistance of E. coli isolates
from broiler chickens raised on farms without recorded
antimicrobial use, and hospitalized patients in Jamaica.
We noted that tetracycline resistance was generally associ-
ated with plasmids, and the resistance was mediated by
tetB or tetD efflux genes. The results suggest that tetracy-
cline resistance mechanisms from avian and human
sources may be similar. Long-term prospective studies
examining isolates from defined geographic locations are
required to more accurately detect temporal and spatial
differences in antimicrobial resistance in strains of E. coli.

Methods
Avian and human E. coli isolates
Fresh faecal samples were collected randomly from five
poultry farms (approximately 4 km apart) in the parish of
St. Catherine, Jamaica between 2000 and 2001. Samples
(100 g) were collected over a 42-day period at 3-day inter-
vals, kept at 6°C and bacteriological analyses were per-
formed within 4 h of collection. The flocks investigated, as
well as other flocks on the farms consisting of older birds,
were not treated with antibiotics during the period of
investigation. Farm records indicated that no antimicro-
bial agents were administered during the 12 months prior
to sample collection. Feed and water samples were sam-
pled at each visit to the different farms and screened for E.
coli resistant to tetracycline. Domestic animals were either
absent or located at least 500 m from the broiler opera-
tions.

Forty-eight clinical isolates of E. coli isolated from urine
and wound specimens from hospitalized patients at the
University Hospital of the West Indies, St. Andrew,
Jamaica during 1999, were also analysed in this study. The
University Hospital is a 500-bed, multi-disciplinary teach-
ing hospital that is attached to the Faulty of Medical Sci-
ences at the University of the West Indies in Jamaica. The
hospital serves the metropolitan area of Kingston and St.
Andrew, and is located about 80 km from the nearest
broiler farm that was investigated.

All E. coli organisms were isolated and purified on MacCo-
nkey agar (Difco laboratories, Detroit, Mich.) and inocu-
lated onto Triple-iron agar, urea agar, Simmons' citrate
agar and Motility-indole-lysine media (Difco). Isolates
yielding similar biochemical reactions to the standard E.
coli strain, ATCC 25922 were identified as E. coli and
selected for further testing. These E. coli isolates were
transferred to 2 ml Luria broth and incubated 37°C for
18–24 h. One millilitre (1 ml) of this culture was added
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to 0.8 ml of sterile 80% glycerol in a sterile tube, vortexed
and stored at -80°C.

Antimicrobial susceptibility testing
Antimicrobial susceptibility tests were performed by the
standard disc diffusion technique in accordance with the
recommendations of the National Committee for Clinical
Laboratory Standards (NCCLS) [44]. Antibiotics used in
this study are given in Table 1. Cartridges of antimicro-
bial-containing discs were obtained from Oxoid (Hamp-
shire, UK), Mast Diagnostics (Merseyside, UK), BBL
(Becton Dickinson, Cockeysville, MD) or Janssen-Cilag
(Puebla, Mexico), stored between 4 and -20°C, and
allowed to come to room temperature prior to use. Iso-
lates were subcultured from the bank onto Miller's LB agar
and incubated for 18–24 h before being transferred to 5
ml sterile 0.9% saline to match the '0.5' MacFarland
standard (Remel, Kansas). A sterile cotton-tipped swab
was used to streak air-dried Mueller-Hinton II plates
within 15 min of adjustment of turbidity. Subsequently,
antimicrobial discs were added and plates were incubated
aerobically at 35 ± 2°C for 16–18 h. The diameter of the
zones of inhibition surrounding the antimicrobial discs
was measured to the nearest mm. Isolates were deemed
resistant only when the zone of inhibition was less than or
equal to the resistance breakpoint recommended by the
NCCLS guidelines [44]. Quality control was performed as
recommended using E. coli strain ATCC 25922.

Plasmid profiling and transformations
All isolates resistant to tetracycline (NCCLS interpretive
zone ≤ 14 mm) were screened for plasmid content accord-
ing to the alkaline-lysis mini prep method [45] and
resolved on 0.7% agarose gels. Plasmid DNA used as size
markers were kind gifts of Dr. S. Morrison. Plasmids were
purified from gels and used to transform tetracycline-sen-
sitive chemically-competent E. coli JM 109(DE3)
(Promega), according to the supplier's instructions. Trans-
formants were analysed on selective media containing 30
or 60 µg/ml tetracycline (Sigma) after incubation at 37°C
for 18–24 h. The plasmid-free host strain was included as
a susceptible control.

Restriction fragment length polymorphism (RFLP)
To determine the degree of genetic similarity between
resistance plasmids, the 12 kb plasmids were digested
with BamH1, EcoRI and HindIII (Promega) according to
the manufacturer's instructions. Banding patterns were
compared based on visual inspection of the ethidium bro-
mide-stained gels.

Identification of Tet-R genes
Tetracycline efflux genes (tetB and tetD) were amplified by
PCR with the primers tetBD-F and tetBD-R [30]. The pre-
dicted sizes of the PCR-amplified products were 967 or

964 bp for the tetB or tetD product, respectively. Amplifi-
cation reactions were carried out in a 25 µl volume con-
taining 5 µl (5 ng/µl) plasmid DNA, 2.5 µl buffer ×10, 2
µl (25 mM) MgCl2, 5 µl (500 µM) dNTP mix, 0.25 µl (5
pmol/µl) of each primer, and 0.2 µl (5 U/µl) Taq polymer-
ase (Promega). DNA samples were denatured at 95°C for
5 min in a Perkin Elmer GeneAmp System 9600 (PE Bio-
systems, CA), and amplified by 30 cycles of 94°C for 60 s,
50°C for 45 s, and at 72°C for 90 s, with an additional
extension at 72°C for 300 s [30]. Products were separated
on 0.7% agarose in 0.5 × TBE and visualized by UV light
after staining with ethidium bromide.

Statistical analysis
The antimicrobial susceptibility data are expressed as per-
centages or frequency of the avian or human isolates. A
one-way analysis of variance or χ2 statistics was used to
estimate overall difference between the percentages or fre-
quencies of resistance between avian and human E. coli
isolates. In all cases, p < 0.05 was regarded as statistically
significant.
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NCCLS, National Committee for Clinical Laboratory
Standards; PCR, polymerase chain reaction; RFLP, restric-
tion fragment length polymorphism; Tet-R, tetracycline
resistant.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
TDM was involved in the literature search, study design,
data collection and interpretation; WM conceived of the
study and was involved in study design and data interpre-
tation; PDB was involved in literature search, statistical
analysis, data interpretation and manuscript preparation.
All authors read and approved the final manuscript.

Acknowledgements
This study was supported by a grant from the University of the West Indies 
Research and Publication Fund to TDM. Material support from the Depart-
ment of Basic Medical Sciences, UWI, Mona, is highly appreciated.

References
1. Neu HC: The crisis in antibiotic resistance.  Science 1992,

257:1064-1073.
2. Witte W: Medical consequences of antibiotic use in agricul-

ture.  Science 1998, 279:996-997.
3. Hinton M, Al Chalaby ZAM, Allen V: The persistence of drug

resistant Escherichia coli in the intestinal flora of healthy
broiler chicks.  J Hyg (Lond) 1982, 89:269-78.

4. Piddock LJV: Does the use of antimicrobial agents in veteri-
nary medicine and animal husbandry select antibiotic-resist-
ant bacteria that infect man and compromise antimicrobial
chemotherapy?  J Antimicrob Chemother 1996, 38:1-3.
Page 8 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1509257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9490487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9490487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6752273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6752273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8858450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8858450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8858450


BMC Veterinary Research 2006, 2:7 http://www.biomedcentral.com/1746-6148/2/7
5. van den Bogaard AE: Antimicrobial resistance – relation to
human and animal exposure to antibiotics.  J Antimicrob Chem-
other 1997, 40:453-454.

6. van den Bogaard AE, Stobberingh EE: Antibiotic usage in animals
– impact on bacterial resistance and public health.  Drugs
1999, 58:589-607.

7. Caudry SD, Stanisch VA: Incidence of antibiotic resistant
Escherichia coli associated with frozen chicken carcasses and
characterization of conjugative R-plasmids derived from
such strains.  Antimicrob Agents Chemother 1979, 16:701-709.

8. Ministry of Agriculture (Jamaica) – Databank 1998–2002: Estimates
of livestock production and quantity of meat and meat prod-
ucts imported into Jamaica.  2003.

9. Chaslus-Dancla E, Lafont JP: IncH plasmids in Escherichia coli
strains isolated from broiler chicken carcasses.  Appl Environ
Microbiol 1985, 49:1016-1018.

10. Jayaratne A, Collins-Thompson DL, Trevors JT: Occurrence of
aminoglycoside phosphotransferase subclass I and II struc-
tural genes among Enterobacteriaceae spp isolated from
meat samples.  Appl Microbiol Biotech 1990, 33:547-552.

11. Turtura GC, Massa S, Chazvinizadeh H: Antibiotic resistance
among coliform bacteria isolated from carcasses of com-
mercially slaughtered chickens.  Intl J Food Microbiol 1990,
11:351-354.

12. Lakhotia RL, Stephens JF: Drug resistance and R factors among
enterobacteria isolated from eggs.  Poult Sci 1973,
52:1955-1962.

13. Linton AH, Howe K, Bennett PM, Richmond MH, Whiteside EJ: The
colonization of the human gut by antibiotic resistant
Escherichia coli from chickens.  J Appl Bacteriol 1977, 43:465-469.

14. Cooke EM, Breaden AL, Shooter RA, O'Farrell SM: Antibiotic sen-
sitivity of Escherichia coli isolated from animals, food, hospi-
tal patients, and normal people.  Lancet 1971, ii:8-10.

15. Levy SB, FitzGerald GB, Macone AB: Spread of antibiotic-resist-
ant plasmids from chicken to chicken and from chicken to
man.  Nature 1976, 260:40-42.

16. van den Bogaard AE, London N, Driessen C, Stobberingh EE: Antibi-
otic resistance of faecal Escherichia coli in poultry, poultry
farmers and poultry slaughterers.  J Antimicrob Chemother 2001,
47:763-771.

17. Amara A, Ziani Z, Bouzoubaa K: Antibiotic resistance of
Escherichia coli strains isolated in Morocco from chickens
with colibacillosis.  Vet Microbiol 1995, 43:325-330.

18. Al Ghamdi MS, El Morsy F, Al Mustafa ZH, Al Ramadhan M, Hanif M:
Antibiotic resistance of Escherichia coli isolated from poultry
workers, patients and chicken in the eastern province of
Saudi Arabia.  Trop Med Intl Health 1999, 4:278-283.

19. Singh M, Chaudhry MA, Yadava JNS, Sanyal SC: The spectrum of
antibiotic resistance in human and veterinary isolates of
Escherichia coli collected from 1984–86 in Northern India.  J
Antimicrob Chemother 1992, 29:159-168.

20. Smith KE, Besser JM, Hedberg CW, Leano FT, Bender JB, Wicklund
JH, Johnson BP, Moore KA, Osterholm MT: Quinolone resistant
Campylobacter jejuni infections in Minnesota, 1992–1998
Investigation Team.  New Eng J Med 1999, 340:1525-1532.

21. Winokur PL, Vonstein DL, Hoffman LJ, Uhlenhopp EK, Doern GV:
Evidence for transfer of CMY-2 AmpC-β lactamase plasmids
between Escherichia coli and Salmonella isolates from food
animals and humans.  Antimicrob Agents Chemother 2001,
45:2716-2722.

22. Adhikari RP, Kalpana KC, Shears P, Sharma AP: Antibiotic resist-
ance conferred by conjugative plasmid in Escherichia coli iso-
lated from community ponds of Katmandu Valley.  J Health
Popul Nutr 2000, 18:57-59.

23. Nikolich MP, Hong G, Shoemaker NB, Slayers AA: Evidence for
natural horizontal transfer of tet Q between bacteria that
normally colonize humans and bacteria that normally colo-
nize livestock.  Appl Environ Microbiol 1994, 60:3255-3260.

24. Fey P, Safranek TJ, Rupp ME, Dunne EF, Ribot E, Ewen PC, Bradford
PA, Angulo FJ, Hinrichs SH: Ceftriaxone-resistant Salmonella
infection acquired by a child from cattle.  N Eng J Med 2000,
342:1242-1249.

25. Mϕlbak K, Baggesen FM, Aarestrup JM, Ebbesen JM, Enberg J,
Frydendhal K, Gerner-Smidt P, Petersen AM, Wegener HC: An out-
break of multidrug resistant, quinolone-resistant Salmonella

enteritica serotype Typhimurium DT 104.  New Eng J Med 1999,
341:1420-1425.

26. Galland JC, Hyatt DR, Crupper SS, Achelson DW: Prevalence, anti-
biotic susceptibility and diversity of Escherichia coli 0157:H7
isolates from a longitudinal study of beef cattle feedlots.  Appl
Environ Microbiol 2001, 67:1619-1627.

27. Meng J, Zhao S, Doyle MP, Joseph SW: Antibiotic resistance of
Escherichia coli 0157:H7 and 0157:H7NM isolated from ani-
mals, foods and humans.  J Food Prot 1998, 61:1511-1514.

28. Schroeder CM, Zhao C, DebRoy C, Torcolini J, Zhao J, White DG:
Antimicrobial resistance of Escherichia coli Ol57: H7 isolated
from humans, cattle, swine and food.  Appl Environ Microbiol
2002, 68:576-581.

29. Cohen ML: Changing patterns of infectious disease.  Nature
2000, 406:762-767.

30. Furushita M, Shiba T, Maeda T, Yahata M, Kaneoka A, Takahashi Y,
Torii K, Hasegawa T, Ohta M: Similarity of tetracycline resist-
ance genes isolated from fish farm bacteria to those from
clinical isolates.  Appl Environ Microbiol 2003, 69:5336-5342.

31. Rysz M, Alvarez PJJ: Amplification and attenuation of tetracy-
cline resistance in soil bacteria: aquifer column experiments.
Water Res 2004, 38:3705-3712.

32. Sayah RS, Kaneene JB, Johnson Y, Miller R: Patterns of antimicro-
bial resistance observed in Escherichia coli isolates obtained
from domestic- and wild-animal fecal samples, human
septage, and surface water.  Appl Environ Microbiol 2005,
71:1394-1404.

33. Prescott JF, Baggot JD, Walker RD, editors: Antimicrobial therapy
in veterinary medicine.  3rd edition. Ames: Iowa State Press; 2000. 

34. Thielman NM, Guerrant RL: Escherichia coli.  In Epidemiology and
Pathogenesis of Escherichia coli Edited by: Yu VL, Merigan Jr TC, Barri-
ere SL. Baltimore: The Williams & Wilkins Company; 1999:188-200. 

35. Hofacre CL, de Cotret AR, Maurer JJ, Garrity A, Thayer SG: Pres-
ence of fluoroquinolone resistant coliforms in poultry litter.
Avian Dis 2000, 44:963-967.

36. Medders WM, Wooley RE, Gibbs PS, Shotts EB, Brown J: Muta-
tional rate of avian intestinal coliform bacteria when pres-
sured with fluoroquinolones.  Avian Dis 1998, 42:146-153.

37. Webber M, Piddick LJV: Quinolone resistance in Escherichia coli.
Vet Res 2001, 32:275-284.

38. Davies J, Wright GD: Bacterial resistance to aminoglycoside
antibiotics.  Trends Microbiol 1997, 5:234-240.

39. Galimand M, Courvalin P, Lambert T: Plasmid-mediated high-
level resistance to aminoglycosides in Enterobacteriaceae
due to 16S rRNA methylation.  Antimicrob Agents Chemother 2003,
47:2565-2571.

40. González-Zorn B, Teshager T, Casas M, Porrero MC, Moreno MA,
Courvalin P, Domínguez L: armA and aminoglycoside resistance
in Escherichia coli.  Emerg Infect Dis 2005, 11:954-956.

41. Bass L, Leibert CA, Lee MD, Summers AO, White DG, Thayer SG:
Incidence and characterization of integrons, genetic ele-
ments mediating multiple drug resistance in avian
Escherichia coli.  Antimicrob Agents Chemother 1999, 43:2925-2929.

42. Yang H, Chen S, White DG, Zhao S, McDermott P, Walker R, Meng
J: Characterization of multiple antimicrobial-resistant
Escherichia coli isolates from diseased chickens and swine in
China.  J Clin Microbiol 2004, 42:3483-3489.

43. Chopra I, Roberts M: Tetracycline antibiotics: mode of action,
applications, molecular biology, and epidemiology of bacte-
rial resistance.  Microbiol Mol Biol Rev 2001, 65:232-260.

44. National Committee for Clinical Laboratory Standards: Perform-
ance standards for antimicrobial susceptibility testing.  In
Twelfth Informational Supplement. NCCLS document M100-S12 Volume
22. NCCLS, Wayne, PA; 2002:42-45. 

45. Sambrook J, Fritsch EF, Maniatis T: Molecular cloning: a labora-
tory manual.  Cold Spring Harbor Laboratory, Cold Spring Harbor,
NY; 1989. 
Page 9 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9338504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9338504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10551432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10551432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=394673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=394673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=394673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3890735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3890735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4128258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4128258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=342480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=772441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=772441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=772441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11389108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11389108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7785191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7785191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1506331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10332013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10332013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11557460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11557460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11014773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11014773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7944364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7944364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7944364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10547404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11282614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11282614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9829195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9829195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11823193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11823193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10963605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12957921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12957921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12957921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15350422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15350422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15746342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15746342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15746342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11195655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11195655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9533092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9533092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9533092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11432418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9211644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9211644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12878520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12878520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12878520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15963296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10582884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15297487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15297487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11381101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11381101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11381101

	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Antimicrobial susceptibility
	Plasmid profiling and transformations
	Tetracycline-resistance genes

	Discussion
	Conclusion
	Methods
	Avian and human E. coli isolates
	Antimicrobial susceptibility testing
	Plasmid profiling and transformations
	Restriction fragment length polymorphism (RFLP)
	Identification of Tet-R genes
	Statistical analysis

	List of abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

