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Impacts

• Antibiotic resistant bacteria exist in the environment, independent of

antibiotic usage or other anthropogenic influences. This environmental

reservoir, termed the resistome, can be augmented by the use of antibiotics.

• A diversity of florfenicol-resistant Gram-negative bacilli was isolated from

freshwater salmon farms in Chile. Many of these isolates possessed the floR

gene, but other isolates possessed a non-specific efflux pump that

conferred florfenicol resistance.

• The florfenicol-resistant isolates that possessed the floR gene were multi-

drug resistant. The diversity of antibiotics that are used in aquaculture

could be selecting for a range of resistances through co-selection.

• Understanding the diversity of resistance within the bacteria as well as within

the aquaculture environment will help improve our understanding of the

animal and human health risks associated with antibiotic use in aquaculture.
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Summary

Florfenicol is an important antibiotic in veterinary medicine that is used exten-

sively in aquaculture, including salmon farming in Chile. We analysed a set of

119 florfenicol-resistant Gram-negative bacilli from seven freshwater Chilean sal-

mon farms for the molecular determinants involved in the florfenicol resistance.

Ninety-seven of these strains were glucose non-fermenting bacilli, mainly belong-

ing to the Pseudomonas genus, whereas 22 strains were glucose-fermenters. The

floR gene was detected in 26 strains (21.8%) that had been isolated from three of

the seven salmon farms. Most of the floR-carrying strains were glucose fermenters

(21 strains), and most of the floR-carrying strains were also resistant to strepto-

mycin, chloramphenicol and oxytetracycline. The minimum inhibitory concen-

trations against florfenicol were assessed in the presence and absence of the efflux

pump inhibitor Phe-Arg-b-naphthylamide (MC-207,110). There was evidence

that in the majority of non-fermenting bacteria (82 strains), florfenicol resistance

was at least partially mediated by non-specific efflux pump systems. Given the

diversity of antibiotic resistance patterns observed in this study in the floR-posi-

tive isolates, a single antibiotic has the potential to co-select for a diversity of

resistances. For this reason, human health as well as animal health can potentially

be impacted by the use of antibiotics in aquaculture. To assess this potential risk,

future studies should focus on the ability of different antibiotics used in aquatic

environments to co-select for multiple resistances, the molecular basis of this

diversity of resistance, and whether the genes conferring resistance can be trans-

ferred to other bacteria, including those of human health concern.
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Introduction

Despite the fact that various authors have emphasized the

potential negative impact derived from the use of antimi-

crobial agents in fish farms (Alderman and Hastings,

1998; Schwarz et al., 2001; Cabello, 2006), very few stud-

ies have been conducted on the diversity and evolution of

antimicrobial resistance in aquaculture (Dang et al.,

2007). Intensive aquaculture production in Chile has

increased over the recent years, and antimicrobials are

commonly used for the treatment and prevention of bac-

terial diseases (Cabello, 2004). Within the Chilean salmon

industry, studies on antibiotic resistance have mostly been

focused on phenotypic aspects of tetracycline resistance

(Miranda and Zemelman, 2002a,b).

Florfenicol [d-threo-3-fluoro-2-dichloroacetamido-1-(4-

methylsulfonylphenyl)-1-propanol] is a synthetic, primar-

ily bacteriostatic, broad-spectrum fluorinated analogue of

chloramphenicol that is active against Gram-negative and

Gram-positive bacteria. The primary antimicrobial activity

of this compound is through its binding with the 50S

ribosome, thus preventing the transfer of amino acids

from tRNA to the growing peptide chains during protein

synthesis (Schwarz et al., 2004). Florfenicol has a variety

of applications in veterinary medicine and has been used

in aquaculture in Asia since the early 1990s. It was

approved in the US by the Food and Drug Administration

and Center for Veterinary Medicine in 1996 for the treat-

ment of bovine respiratory disease pathogens and has

since been approved for use in aquaculture and swine. In

the European Union, it was approved for the treatment of

respiratory tract infections in cattle in 1995 and in swine

in 2000. Florfenicol was licensed in Chile in 1994 for the

treatment of diverse bacterial infections occurring in Chil-

ean salmon farming and is currently one of the most fre-

quently used anti-bacterials in Chilean freshwater salmon

farming (Miranda and Rojas, 2007).

Resistance to florfenicol in Gram-negative bacteria is

mediated primarily by the floR gene, which is a specific

drug exporter that confers resistance to florfenicol and

chloramphenicol (Schwarz et al., 2004). The gene is

widely disseminated among Gram-negative bacteria in

diverse geographic locations (Schwarz et al., 2004), partic-

ularly from Gram-negative organisms from animal agri-

cultural sources (Keyes et al., 2000; White et al., 2000;

Bischoff et al., 2002; Singer et al., 2004; Gordon et al.,

2008). Because of the importance of florfenicol in treating

bacterial infections in animal populations, it is critical to

monitor the emergence and spread of resistance to this

compound in agriculture.

In our previous study of florfenicol resistance in bacte-

ria from Chilean salmon farms, we found a diversity of

bacteria with phenotypic florfenicol resistance (Miranda

and Rojas, 2007). The resistance existed in areas that had

not been directly exposed to florfenicol from aquaculture.

What is not known is the mechanism by which these bac-

teria gained resistance to florfenicol. It is plausible that

some of these isolates were intrinsically resistant to florfe-

nicol rather than that they had acquired the resistance

through mutation or horizontal gene transfer. Therefore,

the objective of this study was to conduct a broader

cross-sectional survey of seven freshwater salmon farms,

investigate the diversity of bacteria with florfenicol resis-

tance, and then identify the major resistance determinants

responsible for this resistance. In particular, we wanted to

determine the diversity of bacteria possessing the floR

gene. We also wanted to determine if any of these isolates

carried a broad-spectrum efflux pump that conferred

resistance to florfenicol.

Materials and Methods

Bacterial strains

One hundred and nineteen Gram-negative bacilli strains

resistant to florfenicol were isolated from seven different

freshwater salmon farms located in the South of Chile

(Table 1). The salmon farms were land-based (CC1-CC3)

(Miranda and Zemelman, 2002b) or were located in the

lakes Lago Rupanco (F1 and F2) and Lago Llanquihue

(F3 and F4). Florfenicol was administered at the farms at

Lago Rupanco (F1 and F2) approximately 2 weeks before

sampling, whereas in the other sampled farms florfenicol

had not been used for more than a year prior to

sampling.

Samples were processed as previously described (Mir-

anda and Zemelman, 2002b; Miranda and Rojas, 2007),

and florfenicol-resistant strains were recovered by a

spread plate method using Tryptic soy agar (TSA, Difco,

Franklin Lakes, NJ, USA) containing 30 lg ml)1 of florfe-

nicol (Schering-Plough, Kenilworth, NJ, USA). This level

of florfenicol is higher than the established breakpoint for

florfenicol resistance, but based on our previous work,

bacterial isolates possessing the florfenicol resistance gene

floR had MICs >32 lg ml)1 (Singer et al., 2004). The use

of this concentration means that only those isolates with

a high level of florfenicol resistance would have been

detected; isolates with decreased susceptibility to florfeni-

col would be missed by this screening approach. Purified

strains were stored at )85�C in Tryptic soy broth (Difco)

supplemented with 20% glycerol and florfenicol (30 lg

ml)1) until use.

Bacterial identification

Phenotypic characteristics, Gram stain, oxidase produc-

tion and oxidative/fermentative utilization of glucose were

Florfenicol Resistance in Chilean Salmon Farm Bacteria C. Fernández-Alarcón et al.

182 ª 2009 Blackwell Verlag GmbH • Zoonoses Public Health. 57 (2010) 181–188



determined for every selected isolate as previously

described (Miranda and Rojas, 2007). Strains possessing

the floR gene (described below) were further characterized

by using the GN Microplate system (Biolog Inc., Hay-

ward, CA, USA) to confirm their bacterial identification

(Miranda and Rojas, 2007). Bacterial identification was

performed with the microlog system 4.2 identification

software (Biolog Inc.). Approximately 20% of the isolates

were tested in duplicate to check the reproducibility of

the assay.

Antimicrobial susceptibility testing and efflux

pump inhibition

Minimum inhibitory concentrations (MICs) of florfenicol

against each strain were determined by an agar plate dilu-

tion method and interpreted according to the Clinical

and Laboratory Standards Institute (CLSI) MIC Interpre-

tative Standards (National Committee for Clinical Labo-

ratory Standards, 2002). Briefly, serial 2-fold dilutions of

the antibiotic were added to Mueller-Hinton agar (Oxoid

Ltd., Basingstoke, UK) to obtain final concentrations

ranging from 8 to 256 lg ml)1. Triplicate plates were

inoculated and incubated for 24 h at 30�C. MIC was

defined as the lowest concentration of antibiotic that

inhibited growth on at least two of the three plates. Refer-

ence strains Escherichia coli ATCC 25922 and Pseudomo-

nas aeruginosa ATCC 27853 were included as controls

(National Committee for Clinical Laboratory Standards,

2002).

To test for the presence of a broad-spectrum efflux

pump that could potentially be conferring the observed

florfenicol resistance, the agar dilution procedure was

repeated in the presence (20 lg ml)1) and absence of the

efflux pump inhibitor (EPI) Phe-Arg-b-naphthylamide

(MC-207,110) (Sigma, St. Louis, MO, USA). A decrease

of at least 4-fold in the MIC value (two dilutions) in the

presence of EPI was considered indicative of the presence

Table 1. Identification of florfenicol-resistant

strains used in this study

Species

Fish farm

TotalCC1 CC2 CC3 F1 F2 F3 F4

Acinetobacter johnsonii 1 1

Acinetobacter lwoffii 2 2

Aeromonas hydrophila 1 1

Alcaligenes faecalis 1 1

Burkholderia cepacia 2 2

Cedecea davisae 1 1

Citrobacter amalonaticus 1 1

Citrobacter freundii 1 1

Citrobacter youngae 1 1

Enterobacter aerogenes 2 2

Enterobacter amnigenus 6 6

Enterobacter cloacae 1 1

Hafnia alvei 2 2

Kluyvera ascorbata 3 1 4

Pantoea sp. 2 2

Pseudomonas aeruginosa 1 1

Pseudomonas alcaligenes 1 1

Pseudomonas chlororaphis 1 1

Pseudomonas fluorescens 16 4 6 4 2 32

Pseudomonas ludensis 2 2

Pseudomonas maculicola 2 2

Pseudomonas nitroreducens 1 1 2

Pseudomonas putida 3 1 8 2 4 18

Pseudomonas sp. 4 1 2 4 1 1 13

Pseudomonas synxantha 1 1

Pseudomonas viridilivida 4 1 5

Ralstonia pickettii 1 1 2

Raoultella terrı́gena 1 1

Sphingobacterium multivorum 1 1

Stenotrophomonas maltophilia 3 3

Not identified 3 3 6

Total 27 7 11 16 27 12 19 119
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of an efflux mechanism (Kadlec et al., 2007). Escherichia

coli ATCC 25922, P. aeruginosa ATCC 27853 and two floR

gene-positive Acinetobacter baumannii strains from our

collection were used as controls.

Detection of the floR gene

The floR gene was detected by PCR. Genomic template

was prepared by mixing 200 ll of overnight bacterial cul-

ture with 800 ll of sterile distilled water (SDW), boiling

for 15 min, and then centrifuging at 16 000 g for 5 min.

The supernatant was used directly as the source of tem-

plate. Each 25 ll reaction mixture contained 2.5 ll 10·
PCR buffer (Invitrogen, Carlsbad, CA, USA); 2.5 ll each

dNTP (1.25 mm); 1.25 ll MgCl2 (50 mm, Invitrogen);

1.5 ll each primer (25 pmol ll)1); 0.125 ll Taq DNA

polymerase (5 U ll) and SDW to 25 ll of reaction vol-

ume. Amplification of the floR gene was performed in a

Gene Amp PCR System 2400 thermal cycler (Perkin-

Elmer, Foster City, CA, USA) using the primers: F: 5¢-
AATCACGGGCCACGCTGTATC-3¢ and R: 5¢-CGCCG-

TCATTCTTCACCTTC-3¢ (Bolton et al., 1999). DNA was

amplified by PCR using the following cycle conditions:

96�C for 30 s, followed by 30 cycles of 96�C for 15 s, 52�C

for 30 s, and 70�C for 1 min. There was a final extension

at 70�C for 5 min. PCR products were detected by electro-

phoresis in 1.5% agarose gels and visualized by ultraviolet

illumination after staining the gels with ethidium bromide

(0.5 mg l)1). The expected size of PCR products was

215 bp. A floR-positive E. coli and E. coli K-12 ATCC

19215 served as positive and negative controls, respec-

tively, and were included in each PCR run.

Anti-microbial resistance patterns

Isolates positive for the floR gene (26 strains) were tested

for susceptibility to 15 anti-bacterials by an agar disk dif-

fusion method according to the CLSI MIC Interpretative

Standards (National Committee for Clinical Laboratory

Standards, 2002) using Müeller–Hinton agar plates

(Oxoid Ltd.). Disks containing the following anti-bacterial

agents were used: ampicillin (AM, 10 lg), cefotaxime

(CTX, 30 lg), chloramphenicol (CM, 30 lg), florfenicol

(FFC, 30 lg), streptomycin (S, 10 lg), gentamicin (G,

10 lg), kanamycin (K, 30 lg), oxytetracycline (OT,

30 lg), nalidixic acid (NA, 30 lg), oxolinic acid (OA,

2 lg), flumequine (UB, 30 lg), enrofloxacin (ENR, 5 lg),

furazolidone (FX, 100 lg) and sulphamethoxazole/tri-

methoprim (SXT, 1.25 and 23.75 lg). E. coli ATCC 25922

and P. aeruginosa ATCC 27853 were included as quality

control strains (National Committee for Clinical Labora-

tory Standards, 2002). All disks except florfenicol (Scher-

ing-Plough) were supplied by Oxoid Ltd.

Results

Identification of florfenicol-resistant strains

Out of the 119 florfenicol-resistant Gram-negative bacilli

isolates analysed in this study, 97 (81.5%) were glucose

non-fermenting bacteria and 22 (18.5%) were glucose fer-

menters. Most isolates were in the Pseudomonas genus

(80 strains), with a high frequency of Pseudomonas fluo-

rescens and Pseudomonas putida (32 and 18 strains respec-

tively) (Table 1). Other species of this genus isolated at

low frequency included Pseudomonas aeruginosa (1), Pseu-

domonas alcaligenes (1), Pseudomonas chlororaphis (1),

Pseudomonas ludensis (2), Pseudomonas maculicola (2),

Pseudomonas nitroreducens (2), Pseudomonas synxantha

(1) and Pseudomonas viridilivida (5). With the exception

of one Aeromonas hydrophila strain recovered from

the CC1 farm, all resistant strains isolated from the

land-based farms (CC1-CC3) were non-fermenters. The

remaining glucose-fermenting strains were all enteric

species, mainly belonging to the species Enterobacter

amnigenus (six strains) and Kluyvera ascorbata (four

strains) (Table 1). As multiple florfenicol-resistant

colonies were selected from some samples, it is possible

that they represent clones of the same isolate. For exam-

ple, it is plausible that the six colonies of E. amnigenus

from Farm F3 are all the same isolate (Tables 1 and 2).

Florfenicol resistance levels and efflux pump inhibition

The distribution of florfenicol MIC values in the presence

and the absence of the EPI Phe-Arg-b-naphthylamide

(MC-207,110) indicated that the EPI had an effect on

florfenicol resistance in some of the studied strains and

therefore demonstrated active participation of non-spe-

cific efflux pump systems in florfenicol resistance in these

strains. Florfenicol MIC values without EPI ranged from

32 to >256 lg ml)1 (MIC50 and MIC90 values of 256 and

>256 lg ml)1 respectively), while MIC values in the pres-

ence of EPI ranged from 8 to 256 lg ml)1 (MIC50 and

MIC90 values of 32 and 256 lg ml)1 respectively). The

effect of EPI on florfenicol resistance was observed for

three glucose-fermenter and 80 non-fermenter strains.

Twenty glucose-fermenter strains and 16 non-fermenter

strain maintained high levels of resistance to florfenicol in

the presence of EPI, suggesting that the resistance to flor-

fenicol in these strains was not controlled by the targeted

multi-drug transporters.

Detection of the floR gene

Only 26 (21.85%) of the PCR-assayed strains were positive

for the floR gene. Twenty-one of these strains were glu-

cose-fermenters isolated from F1, F3 and F4 farms
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(Table 2). These were identified as E. amnigenus (6),

K. ascorbata (4), Hafnia alvei (2), Pantoea sp. (2), Entero-

bacter aerogenes (2), Enterobacter cloacae (1), Citrobacter

youngae (1), Citrobacter freundii (1), Cedecea davisae (1)

and Raoultella terrigena (1). The floR positive non-fermen-

ter strains were only recovered from the F4 farm and were

identified as Sphingobacterium multivorum, P. alcaligenes,

P. putida, Ralstonia pickettii and Alcaligenes faecalis. No

strains recovered from the land-based farms (CC1-CC3)

possessed the floR gene. It is important to note that the

most floR-carrying strains were recovered from fingerling

samples (20 strains), mainly salmon mucus. Three of the

floR-carrying strains (R. terrigena, Citrobacter amalonaticus

and S. multivorum) also were positive for the presence of a

non-specific drug efflux pump.

Anti-microbial resistance patterns of the

floR-carrying strains

Among the florfenicol-resistant strains carrying the floR

gene isolated from the F1, F3 and F4 farms, a high inci-

dence of multi-drug resistance (MDR) was observed, with

all strains resistant to at least 5 anti-bacterials (Table 2).

All of the floR-carrying strains were resistant to chloram-

phenicol, streptomycin and oxytetracycline in addition to

florfenicol, and most of the strains recovered from the F1

and F4 farms also exhibited resistance to ampicillin and

furazolidone. Resistance to gentamicin, nalidixic acid,

oxolinic acid and flumequine was only detected in some

strains isolated from the F4 farm, mainly belonging to

non-fermenting species, and it is possible that resistance

to one or more of these antibiotics could be intrinsic.

Discussion

There are few reports of the floR gene in aquatic environ-

ments. In a recent study of tetracycline resistance in bac-

teria from aquaculture in China, some of the isolates also

possessed the floR gene (Dang et al., 2007). Another

recent study of an Aeromonas bestiarum strain from a

freshwater stream assessed the molecular structure of the

floR gene in this isolate and found the gene linked to a

tetracycline resistance gene (Gordon et al., 2008). In both

of these cases, the floR gene was found in potential patho-

gens in aquaculture. In our study, there was a diversity of

strains that possessed the floR gene, but most commonly

Table 2. Source, identification, florfenicol Minimum Inhibitory Concentration (in lg ml)1), and anti-bacterial resistance pattern of the floR-carry-

ing strains recovered from Chilean salmon farms

Species Source Farm MIC FFC Resistance phenotype

Enterobacter aerogenes Cage sediment F1 256 AM-CTX-S-CM-FFC-OT-FX

Hafnia alvei Mucus F1 256 AM-CTX-S-CM-FFC-OT-FX

Kluyvera ascorbata Mucus F1 256 AM-S-K-CM-FFC-OT-NA

Hafnia alvei Intestinal content F1 256 AM-CTX-S-CM-FFC-OT-NA-FX

Kluyvera ascorbata Intestinal content F1 >256 AM-S-CM-FFC-OT-FX

Kluyvera ascorbata Intestinal content F1 >256 AM-S-K-CM-FFC-OT-FX

Raoultella terrigena Intestinal content F1 >256 AM-S-K-CM-FFC-OT-FX

Citrobacter amalonaticus Mucus F3 >256 AM-S-K-CM-FFC-OT

Citrobacter freundii Mucus F3 256 S-K-CM-FFC-OT

Citrobacter youngae Mucus F3 256 S-K-CM-FFC-OT-SXT

Enterobacter amnigenus Mucus F3 256 S-CM-FFC-OT

Enterobacter amnigenus Mucus F3 256 S-CM-FFC-OT

Enterobacter amnigenus Mucus F3 256 S-CM-FFC-OT

Enterobacter amnigenus Mucus F3 256 S-CM-FFC-OT

Enterobacter amnigenus Mucus F3 256 S-CM-FFC-OT

Enterobacter amnigenus Mucus F3 256 S-CM-FFC-OT

Cedecea davisae Cage water F4 256 AM-S-K-CN-CM-FFC-OT-FX

Sphingobacterium multivorum Cage water F4 256 AM-S-K-CN-CM-FFC-OT-OA-FX-SXT

Pseudomonas alcaligenes Cage water F4 >256 AM-S-CM-FFC-OT-SXT

Pseudomonas putida Cage water F4 >256 AM-CTX-S-FFC-CM-OT-NA-OA-UB-FX-SXT

Pantoea sp. Cage water F4 >256 AM-S-CM-FFC-OT-NA-OA-UB-FX

Pantoea sp. Mucus F4 256 AM-S-CN-CM-FFC-OT-FX

Alcaligenes faecalis Mucus F4 >256 AM-S-CN-CM-FFC-OT-NA-OA-UB-ENR-FX-SXT

Enterobacter cloacae Mucus F4 256 AM-S-CN-CM-FFC-OT-NA-FX

Ralstonia pickettii Mucus F4 >256 AM-CTX-S-K-CN-CM-FFC-OT-NA-OA-UB-FX-SXT

Kluyvera ascorbata Mucus F4 >256 AM-S-K-CM-FFC-OT-FX

AM, ampicillin; CTX, cefotaxime; S, streptomycin; K, kanamycin; CN, gentamicin; CM, chloramphenicol; FFC, florfenicol; OT, oxytetracycline;

NA, nalidixic acid; OA, oxolinic acid; UB, flumequine; FX, furazolidone; SXT, trimethoprim-sulphametoxazole.

C. Fernández-Alarcón et al. Florfenicol Resistance in Chilean Salmon Farm Bacteria

ª 2009 Blackwell Verlag GmbH • Zoonoses Public Health. 57 (2010) 181–188 185



the gene was found in the glucose-fermenting strains. The

diversity of bacteria possessing the floR gene suggests

considerable horizontal gene transfer, although a more

detailed sequence-based analysis of the floR genes would

be needed to understand the evolutionary history of these

transfer events.

There were considerable differences in the microbiota

composition and in the prevalence of the floR gene

among the farms in this study, even within the same

company. For example, for the farms in Lago Rupanco,

the gene was only detected in the F1 farm microbiota,

despite the fact that both farms belong to the same com-

pany and have a similar history of florfenicol usage. This

difference could be explained by the lack of glucose-fer-

menting strains recovered from the F2 farm, given that

the presence of the floR gene was highly associated with

the glucose fermenters. There was a high concordance in

the resistance phenotypes of the floR-carrying strains iso-

lated from the F1 and F4 farms, but anti-bacterial resis-

tance patterns of the floR-carrying strains recovered from

salmon farms located at Lago Llanquihue were remark-

ably different, where the F4 farm strains exhibited higher

multi-drug resistance levels than those isolated from the

F3 farm. In addition, among the floR-carrying bacteria,

sulfonamide resistance was observed in the strains recov-

ered from F4 but not in the strains from F3. This

variability is probably due largely to the cross-sectional

design of the study.

Previous studies demonstrated that the presence of the

floR gene is usually associated with high florfenicol MIC

values (White et al., 2000; Bischoff et al., 2002). In this

study, strains carrying the floR gene showed MIC values

of ‡256 lg ml)1, and are in accordance with Singer et al.

(2004), who found that the isolates harbouring the floR

gene exhibited MIC values of ‡256 lg ml)1. It should be

emphasized, though, that samples were screened in the

presence of 30 lg ml)1 of florfenicol and therefore floR-

positive isolates with low florfenicol MICs would not

have been detected.

Significant reductions in the MIC values of most of the

non-fermenter strains following EPI suggest direct

involvement of broadly non-specific multi-drug efflux

pumps. These mechanisms have been frequently reported

for Pseudomonas species (Li et al., 1994; Poole, 2002).

These results agree with Michel et al. (2005), who found

a high frequency of constitutive multi-drug resistance

mediated by efflux mechanisms in Chryseobacterium

strains isolated from aquatic environments. These strains

had a high resistance to florfenicol but were negative for

the floR gene. Efflux pump systems are extensively

observed in environmental bacteria, and it has been

argued that this is a result of non-specific exposure of the

micro-organism to a wide variety of substances that may

have nothing to do with anti-bacterials (Paulsen et al.,

1996).

The EPI caused at least a 4-fold reduction in the MIC

values of a high number of assayed strains, but MIC

values still remained over the breakpoint value stated for

florfenicol resistance (8 lg ml)1) (White et al., 2000;

Singer et al., 2004), suggesting that other resistance fac-

tors are also involved in florfenicol resistance in these

strains. It has been reported that many Pseudomonas spe-

cies may express different drug transporters, and the inhi-

bition of an efflux pump can potentially be compensated

by the overexpression of other pumps with overlapping

spectra (Lee et al., 2000). Simultaneous overexpression of

two efflux mechanisms was demonstrated for a clinical

isolate of P. aeruginosa (Pumbwe and Piddock, 2000),

providing evidence that two (or even more) efflux sys-

tems can be overexpressed and function together in one

bacterium. In addition, it has been reported that several

types of multi-drug transporters may coexist together in

the same bacterium with specific transporters (Lee et al.,

2000; White et al., 2000). In this study, there were three

strains that demonstrated simultaneous expression of a

florfenicol specific exporter, such as FloR and non-specific

multi-drug efflux pumps.

Recently, studies have begun to elucidate the diversity

of antibiotic resistance genes that exist in the environ-

ment (Riesenfeld et al., 2004), particularly in areas with

little to no antibiotic use or other anthropogenic influ-

ence (Allen et al., 2008). This diversity of antibiotic resis-

tance that exists naturally in the environment has been

termed the resistome (D’Costa et al., 2006), but unfortu-

nately the resistome of aquaculture environments is

understudied. To understand the impacts that antibiotic

usage in aquaculture can have on human and animal

health, it is imperative to take a more ecological view of

resistance (Singer et al., 2006). We must explore the

diversity of antibiotic resistant bacteria and antibiotic

resistance genes that exist in an environment, even when

no antibiotics are used, and then evaluate how antibiotics

affect these microbial populations.

The isolates in this study that possessed the floR gene

were commonly multi-drug resistant, and these bacterial

strains could potentially be serving as a reservoir for a

diversity of antibiotic resistance genes. Any antibiotic that

is used in aquaculture has the potential to select for anti-

biotic resistant bacteria. Given the diversity of antibiotic

resistance patterns observed in this study in the floR-posi-

tive isolates, a single antibiotic has the potential to

co-select for a diversity of resistances. For this reason,

human health as well as animal health can potentially be

impacted by the use of antibiotics in aquaculture. To

assess this potential risk, future studies should focus

on the ability of different antibiotics used in aquatic

Florfenicol Resistance in Chilean Salmon Farm Bacteria C. Fernández-Alarcón et al.

186 ª 2009 Blackwell Verlag GmbH • Zoonoses Public Health. 57 (2010) 181–188



environments to co-select for multiple resistances, the

molecular basis of this diversity of resistance, and whether

the genes conferring resistance can be transferred to other

bacteria, including those of human health concern. To

put these data in context, though, much more work must

be carried out on the resistome in aquatic environments,

particularly in farms that do not use antibiotics.
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