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Tetracycline-resistant bacteria are frequently isolated from aquaculture systems, where mobile
resistance genes often transfer between bacteria associated with fish kept at high stocking densities.
Bacterial isolates from an Oreochromis mossambicus (tilapia) aquaculture system (Stellenbosch, South
Africa) were screened for their susceptibility to tetracycline. Genomic and plasmid DNA were used in
PCR-RFLP assays employing six degenerate primer sets to identify the prevalence of nine tetracycline
resistance genes. Isolates displaying a tet(A)-type tetracycline resistance gene were examined further
for an association with transposon Tn71721. tef{(A) was identified as the predominant tetracycline
resistance determinant, followed by tef(B), -(E), and —(C) determinants. Isolates appeared to possess
multiple tet genes simultaneously. Of the isolates presented with a tef(A) determinant, 73.9% appeared
to be associated with Tn7721. No association between type of tetracycline resistance gene, presence on
chromosome or plasmid, and MIC could be established. The Tn71721 association may explain the high
frequency of isolation of tef(A). The high levels of resistance displayed by isolates from the tilapia
aquaculture system not previously exposed to antimicrobial agents is of concern and will have

implications for future therapeutic interventions in disease outbreak situations.
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INTRODUCTION

The widespread use and abuse of antimicrobial agents
for both human and animal medicine has enormous
implications in the generation of a diversity of continually
evolving antimicrobial-resistant microorganisms. The
broad-spectrum activity of tetracyclines has been
exploited for human clinical therapy and prophylaxis as
well as in animal husbandry for therapy, prophylaxis and
as a growth promoter (Chopra and Roberts, 2001;
Roberts, 2003; Seyfried et al., 2010).

*Corresponding author. Email: cheniah@ukzn.ac.za. Tel: +27
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The tetracycline group of broad-spectrum antimicrobial
agents inhibits protein synthesis in both Gram-negative
and Gram-positive bacteria by preventing the binding of
aminoacyl-tRNA molecules to the 30S ribosomal subunit
(Chopra and Roberts, 2001). Bacterial resistance to
tetracycline is mediated mainly by two mechanisms,
protection of ribosomes by large cytoplasmic proteins and
energy-dependent efflux of tetracycline (Roberts, 2005).
Forty-six different tet and otr genes have been identified,
of which 30 encode energy-dependent efflux proteins, 12
ribosomal protection proteins, three inactivating enzymes,
and one with an unknown resistance mechanism,
respectively (Roberts, 2005). The efflux proteins export
tetracycline out of the cell, reducing the intracellular
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concentration and protecting the ribosomes in vivo, and is
seen more frequently in Gram-negative bacteria
(Roberts, 2003). Ribosomal protection proteins play a
role when tetracycline binds to the ribosome, changing
the conformational state and disrupting protein synthesis.
The ribosomal protection proteins, via allosteric disruption
of the primary tetracycline binding site, facilitate the
separation of the tetracycline molecule from the ribosome
(Roberts, 2005). The third mechanism involves enzymatic
inactivation, whereby an NADPH-requiring
oxidoreductase inactivates tetracycline in the presence of
oxygen and NADPH (Roberts, 2005).

Acquired tet genes tend to be associated with mobile
elements, that is, plasmids, transposons, conjugative
transposons and/or integrons which carry other
antimicrobial resistance genes or heavy metal tolerance
genes. These mobile genetic elements facilitate the
transfer of the tet genes between unrelated species and
genera by conjugation (Roberts, 2003). The tet efflux
genes of Gram-negative bacteria tend to be transposon-
or integron-associated and inserted into a diversity of
plasmids. The ribosomal protection proteins, on the other
hand, tend to be chromosomally-located and are parts of
conjugative or non-conjugative transposons (Roberts,
2003). The prevalence and host range of specific tet
genes appears to be determined by linkage with specific
types of mobile elements, with those on broad host range
conjugative transposons more likely to be found in a large
number of diverse bacteria than the tet genes on non-
conjugative elements or plasmids with a narrow host
range (Roberts, 2005).

Large amounts of antimicrobials, including tetracycline,
are applied in intensive fish farming systems in order to
treat disease or prevent potential disease outbreaks (Gao
et al, 2012; Ryu et al, 2012). This has been
accompanied by an increased frequency of tetracycline
resistance among fish commensal and pathogenic
bacteria (Akinbowale et al., 2007; Gao et al., 2012; Ryu
et al.,, 2012). In aquaculture ecosystems, several tet
determinants, tef(A) — tet(W), have been identified in fish-
pathogenic bacteria from a number of geographical
locations and fish species (DePaola et al., 1988; Adams
et al., 1998; Rhodes et al., 2000; Schmidt et al., 2001;
Miranda and Zemelman, 2002; Furushita et al., 2003;
Miranda et al., 2003; Akinbowale et al., 2007; Seyfried et
al., 2010; Gao et al, 2012) as well as amongst
commensals (Ryu et al., 2012).

Isolates from the aquaculture setting, either fish- or
water-associated, may be potential opportunistic human
pathogens during the processing, packaging, or
preparation of fish, especially following disease
outbreaks. The aquaculture and hospital environments
should be regarded as a single interactive compartment
(Rhodes et al., 2000) and transmission of resistance
determinants could potentially occur via the spread of
mobile genetic elements such as plasmids from fish

pathogens to human pathogens (Kruse and Sgrum,
1994).

Since the products of aquaculture are destined for
human consumption, and since many antimicrobial
resistance determinants are encoded by transferable
plasmids, cultured fish may serve as a vehicle for
transmission of antimicrobial resistance to bacteria that
are commensal or pathogenic to humans in different
ecosystems (Rhodes et al., 2000). The study of
antibacterial resistance of authocthonous bacteria
permits an evaluation of its role in the maintenance and
transfer to other bacteria, including those which are
potentially pathogenic, in order to understand the gene
flux encoding for bacterial resistance in fish culture and
carriage to the human compartment of the environment
(Miranda and Zemelman, 2002). The present study was
thus undertaken to examine the natural prevalence of
tetracycline resistance determinants among Gram-
negative bacteria in an Oreochromis mossambicus
(tilapia) aquaculture system which had not been
previously exposed to tetracyclines or any other
antimicrobial agents.

MATERIALS AND METHODS
Isolation of bacterial strains

Fish, tank water, tank sediment and unmedicated feed samples
from an O. mossambicus (tilapia) aquaculture system (AquaStel,
Stellenbosch, South Africa) were plated out onto Brain Heart
Infusion (BHI) and Tryptone Soy (TS) agar plates containing 25
pg/ml tetracycline, as well as plates without tetracycline and
incubated at 30 to 37°C for 24 h. Sampling was carried out over a
month, with sampling every week. Forty-four heterotrophic, Gram-
negative bacterial isolates belonging to diverse genera including
Acinetobacter, = Aeromonas,  Bordetella, = Chryseobacterium,
Enterobacter,  Myroides,  Pseudomonas,  Salmonella  and
Shewanella, were identified by standard biochemical and
physiological tests and selected for further study based on their
multiple antimicrobial resistance phenotypes and carriage of one or
more plasmids. These isolates were maintained at room
temperature (25°C) on BHI agar supplemented with 25 pg/ml
tetracycline, while long-term stocks were stored at -70°C in 20%
glycerol.

Antimicrobial susceptibility testing

Study isolates were grown overnight at 25°C in BHI broth and then
diluted in phosphate-buffered saline (PBS) to achieve a turbidity
equivalent to a 0.5 McFarland standard. Tetracycline resistance
was determined by placing tetracycline discs (25 pg; Mast
laboratories, UK) and tetracycline E-test strips (0.016 to 256 pg/ml;
AB Biodisk, Sweden) onto inoculated Mueller-Hinton (MH) plates, to
obtain tetracycline zone diameters and minimum inhibitory
concentration (MIC) values, respectively. Testing was done in
duplicate and resistance profiles (resistant, intermediate, or
susceptible) were assigned after measuring average zone
diameters following CLSI breakpoints (CLSI, 2006). Tetracycline E-
test MIC values were determined according to manufacturer’s
criteria. Bacterial  strains Escherischia coli ATCC 25922,



Table 1. Primer sets used to amplify tet, transposon and B-lactamase genes.
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Resistance
determinant

Primer name

Primer sequences

Expected PCR
fragment size (bp)

Annealing temperature and time

Reference

TetABC-F

GCY RTVGGS ATHGGC YTKRTY ATG C

tetA), (8), (C) TetABC-R ACM GCM CCW GTV GCB CCK GTG AT 293 55°CfordSs
v TS sommrscom e
o TR SSTSSCTINAGE i sowim
e TRE SemaeeEoTATATeC:

Schnabel and Jones (1999)

Schnabel and Jones (1999)

Furushita et al. (2003)

Furushita et al. (2003)

Furushita et al. (2003)

Furushita et al. (2003)

Pezzella et al. (2004)

Guerra et al. (2001)

Enterococcus faecalis ATCC 29212, and Staphylococcus
aureus ATCC 25923 were used as antimicrobial
susceptibility controls according to CLSI recommendations
(CLSI, 2006).

DNA extraction

Genomic DNA was extracted, following overnight culture,
according to the CTAB/NaCl miniprep protocol (Ausubel et
al., 1989). Plasmid DNA preparations were obtained using

the modified alkaline lysis method of Birnboim and Doly
(1979).

Identification of tetracycline resistance genes

Plasmid and genomic DNA were used as templates to
amplify nine genes belonging to the tef(A) determinant
family of tet genes, using two and four degenerate primer
sets described by Schnabel and Jones (1999) and
Furushita et al. (2003), respectively (Table 3). PCR

amplification was carried in 25 pl reaction mixtures
containing 50 ng plasmid DNA or 100 ng genomic DNA,
0.2 mM of each dNTP (Roche, Germany), 100 uM of each
respective primer set, 1.5 mM MgCl,, 1 U SuperTherm Tag
DNA polymerase (JMR Holdings, UK), together with 1 x
reaction buffer in a PCRSprint thermal cycler (Hybaid, UK).
Amplification consisted of 35 cycles of denaturation at
94°C for 30 s, specific primer annealing temperatures and
durations for the different primer sets are indicated in Table
1 and elongation at 72°C for 90 s. A previous denaturation
step of 94°C for 3 min and a final elongation step of 10 min
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Table 2. Restriction endonucleases and respective PCR-RFLP profiles of amplified tet genes.

PCR amplimer Predicted amplified Target Restriction Restriction fragment
fragment size (bp) gene endonuclease sizes (bp)
TetABC 293 tet(A) Haelll 75 +130
tet(B) Haelll 240 or 254
tet(C) Haelll 104 + 123
TetDEH 293 tet(D) Haelll 293
tet(E) Haelll 153 + 140
tet(H) Haelll 293
TetAC 417 tet(A) Smal 267 + 150
tet(C) Sall 216 + 201
TetBD 967 or 946 tet(B) Sphl 492 + 302 + 173
tet(D) Sphl 640 + 324
TetEHJ 650 tet(E) Ndell 425 + 148 + 77
tet(H) Ndell 383 + 267
tet(J) Ndell 297 + 236 + 117
TetGY 917 or 911 tet(Q) EcoRl 549 + 368
tet(Y) Sphl 714 + 197

at 72°C were included in the amplification cycle. Amplification
products were visualized by UV transillumination following
electrophoresis in 2% 1 x TAE agarose gels and staining with
ethidium bromide. DNA molecular weight marker VI (Roche) was
included in every electrophoretic run to provide a DNA size
standard.

In order to identify the specific tet determinant, PCR fragments
were subjected to polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) analysis using specific enzymes
described by Schnabel and Jones (1999) and Furushita et al.
(2003), respectively (Table 2). Respective PCR fragments were
digested for 3 h with restriction enzymes (Fermentas, Canada),
indicated in Table 2, at the required temperatures. Restriction
fragment profiles were obtained following polyacrylamide gel
electrophoresis in 8% polyacrylamide gels, staininT%I with ethidium
bromide, and UV visualization. The O’GeneRuler ™ 100 bp DNA
Ladder Plus (Fermentas) was included in every run for DNA size
analysis of fragments. Molecular weights of fragments were
determined using the UVIDOC Gel Documentation System
(UVIDOC V.97, UVITec, UK).

Association of TetA determinants with transposons

Transposon Tn1721 fragments were amplified using TetAR3 and
3'TAF primers (Table 1) described by Pezzella et al. (2004). The
1.2 kb PCR fragments were obtained following amplification at the
following parameters: 35 cycles of denaturation at 94°C for 30 s,
primer annealing at 55°C for 1 min and elongation for 1 min at 72°C
in the PCR Sprint thermal cycler (Hybaid, UK). A previous
denaturation step of 94°C for 3 min and a final elongation step of 10
min at 72°C were included in the amplification cycle.

Prevalence of TEM-1 resistance gene

The prevalence of the TEM-type B-lactamase gene was also
investigated using primers (Table 1) described by Guerra et al.
(2001), to amplify a 503 bp fragment, using previously described
amplification conditions.

RESULTS
Antimicrobial susceptibility testing

All isolates (100%) displayed zone diameters indicative of
tetracycline resistance, while tetracycline E-test MIC
values ranged between 12 and 256 ug/ml.

Identification of tetracycline resistance genes

The Schnabel and Jones (1999) and Furushita et al.
(2003) primer sets amplified tet genes from 75% (33/44)
and 90.6% (40/44) of isolates, respectively (Figure 1).
The tef(A) determinant was isolated from majority of the
study isolates by both the Schnabel and Jones (1999)
and Furushita et al. (2003) primer sets (Figures 2 and 3,
Table 3). The Schnabel and Jones (1999) primer set
appeared to be more effective in identifying the tet(B) and
tet(C) determinants (Figure 2) while the Furushita et al.
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Table 3. Comparison of tet determinant types identified using different degenerate primer sets.
% of isolates presenting with specific tet determinant type
tet determinant type (no. of isolates positive/overall no. of isolates tested)
Schnabel and Jones (1999) Furushita et al. (2003)

tet(A) 34.1 (15/44) 40.9 (18/44)

tet(B) 29.6 (13/44) 22.7 (10/44)

tet(C) 25 (11/44) 13.6 (6/44)

tet(D) 2.3 (1/44)* 6.8 (3/44)

tet(E) 11.4 (5/44) 31.8 (14/44)

tef(GY) n/a 15.9 (7/44)

tet(H) * 6.8 (3/44)

tet(J) n/a 0

*TetD/H determinant could not be differentiated by HaelllPCR-RFLP analysis.
2 3 45 67 8910111213 14

500 bp
400 bp
300 bp
200 bp
100 bp

Figure 1. Agarose gel electrophoresis of
amplification products with Schnabel and Jones
(1999) and Furushita et al. (2003) tet primers.
Lane 1: amplification product with TetABC
primer; lane 2: amplification product with
TetDEH primer; lane 3: O'GeneRuler™ 100 bp
DNA Ladder Plus (Fermentas, Canada); lane 4:
TetAC amplification product; lane 5: TetBD
amplification product; and lane 6: TetEHJ
amplification product.

(2003) primer set was more effective at identifying the
tet(E) determinant (Table 3). There was no significant
correlation between the determinants amplified using the
Schnabel and Jones (1999) and Furushita et al. (2003)
primer sets for individual isolates.

Using the Schnabel and Jones (1999) primer sets,
36.4% (12/33) of the isolates appeared to carry two tet
determinants simultaneously. These included
combinations of tef(A) + tet(B) (6.1%), tet(B) + tet(C)
(6.1%), tet(A) + tet(C) (6.1%), tet(B) + tet(D/H) (3%) and

Figure 2. Polyacrylamide gel electrophoresis of Haelll-
digested TetABC amplification products. Lanes 1, 7-9, and 11:
isolates possessing tet(A) resistance gene; lane 2: isolate with
multiple tet(A)+tet(B) resistance genes; lanes 3, 5, 6, 10 and
12: isolates presenting tet(B) resistance gene; lane 13: isolate
with tet(C) resistance gene; lanes 4 and 14: O’GeneRuler™
100 bp DNA Ladder Plus (Fermentas, Canada).

tet(C) + tet(E) (15.1%). The combination of tet(C) + tef(E)
determinants appeared predominantly among
Aeromonas spp. isolates.

A greater diversity of tet determinants was indentified
with the Furushita et al. (2003) primer sets (Table 1). A
number of isolates were found to be carrying multiple tet
determinants, that is, 25% (11/44); 13.6% (6/44), and
2.3% (1/44) of isolates carried two, three, and four tet
determinants, respectively.

It was not possible to correlate tetracycline MIC values
with the presence of one or multiple tef determinants with
both the Schnabel and Jones (1999) and Furushita et al.
(2003) primer sets, since some isolates carrying a single
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300 bp

200 bp

100 bp

Figure 3. Polyacrylamide gel electrophoresis of Sall- and
Smal-digested TetAC amplification products. Lanes 1 to 5:
Sall digestion of TetAC amplification product indicating a
tet(A) resistance gene; lanes 6 and 7: Smal digestion of
TetAC amplification product indicating a tef(A) resistance
gene; lane 8: O'GeneRuler™ 100 bp DNA Ladder Plus
(Fermentas, Canada).

tet determinant had a higher MIC than those with multiple
tet determinants. A greater diversity of tet determinants
were identified when genomic DNA was used as template
for amplification of fet gene fragments compared to
plasmid DNA template.

Association of tet(A) determinants with transposons

Of the 52.3% (23/44) of isolates presented with the tef(A)
gene, 73.9% (17/23) appeared to be associated with
Tn1721, which was indicated by amplification of the 1.2
kb fragment of Tn71721. The majority of these isolates
were Aeromonas spp. isolates, followed by Salmonella
enterica serotype Arizonae isolates.

Prevalence of TEM-1 resistance gene

The TEM-1 B-lactamase fragment was amplified from
52.3% (23/44) of study isolates. Of these, 30.4% (7/23)
were amplified using the plasmid DNA template, while the
remaining 69.6% (16/23) were amplified using genomic
DNA as the template. Aeromonas spp. isolates appeared
to be the major genus harbouring the TEM-1 B-lactamase
gene in this system.

DISCUSSION

Altogether, the prevalence of nine genes belonging to the
tet(A) family of tetracycline determinants was investigated
in the present study, using both plasmid and genomic
DNA templates. Since more genes were targeted with the
Furushita primer sets, more variation was observed for
study isolates (Table 3). In the present study, there
appeared to be a high prevalence of tet(A), followed by
tet(E), tet(B) and tet(C) determinants, while the tet(D),
tet(H) and tef(GY) determinants appeared infrequently.

The overall 54.5% prevalence of tet(A) among study
isolates is similar to that identified in other fish farm
studies (DePaola et al., 1988; Adams et al., 1998;
Schmidt et al.,, 2001; Miranda et al., 2003; Jun et al.,
2004; Seyfried et al.,, 2012). Furushita et al. (2003)
reported a higher prevalence of tet(B) genes among
Japanese fish farm bacteria, but did not detect the fet(A)
and tet(C) genes. Ryu et al. (2012) identified tef(B) and
tet(D) as the prevalent resistance genes in E. coli from
Korean commercial fish and seafood. No fet(B) and tet(C)
genes were detected by Schmidt et al. (2001) in the
Danish fish farming environment. A higher prevalence of
the tef(E) determinant, compared to tef(A), was not
detected in the present study as observed on other fish
farms worldwide (DePaola et al., 1988; Andersen and
Sandaa, 1994; DePaola and Roberts, 1995; Akinbowale
et al., 2007).

Screening of Gram-negative isolates revealed that <
10% carried multiple tet genes (Chopra and Roberts
2001; Miranda et al., 2003). However, this scenario is
changing with evidence collated from farmed vs. wild
animals and human studies. More than 10% of the
tetracycline-resistant Gram-negative populations may
possess multiple tet genes in some ecosystems and this
affects characterization of tet genes (Roberts, 2005).
Although the majority of isolates in the present study
presented with a single tet determinant, a large number
of isolates presented with multiple tet determinants.
Schmidt et al. (2001) and Furushita et al. (2003)
observed combinations of fet(A)+(E), tef(A)+(D),
tet(E)+(D), tet(B)+(C) and tet(D)+(E). In the present
study, a higher prevalence of tet(C)+(E), tet(B)+(E),
tet(A)+(C) and tet(A)+(B) were observed. Akinbowale et
al. (2007) observed that there was no correlation
between the presence of multiple tetracycline resistance
genes and the MIC. This lack of correlation was also
observed in the present study.

Studies on fet determinants in the fish farm
environment suggested that the tet(A)-(E) determinants
were not uniformly distributed but appeared to be
associated with specific genera and species (DePaola et
al., 1988; Adams et al.,, 1998; Schmidt et al., 2001;
Miranda et al., 2003). Among the Aeromonas spp. and S.
enterica serotype Arizonae isolates assayed in the
present study, the predominant tet determinant was



tef(A). Using both the Schnabel and Jones (1999) and
Furushita et al. (2003) primers sets, the tet(C)+(E)
combination was identified for isolates predominantly
belonging to the genus Aeromonas. It is possible that tet
determinant distribution patterns vary with the species or
the sampling origin, implicating ecosystem-specific
reservoirs for tetracycline resistance genes (Guillaume et
al., 2000).

Tn1721 and Tn1721-like elements are significant in the
dissemination of the tef(A) determinant, playing an
important role in the global dissemination of these genes
and other plasmids (Rhodes et al., 2000). Among
Salmonella spp., tet(A) is part of transposon Tn1721 as
well as a truncated Tn1721, which lacks a portion of the
left arm (Pezzella et al., 2004). The 1.2 kb Tn1721
fragment was amplified from 73.9% of study isolates
including Aeromonas and Salmonella spp. isolates as
well as Enterobacter spp. and Pseudomonas aeruginosa
isolates containing tet(A), tet(A)+(C) and/or tet(C)+(E)
determinants. The tef(A) determinant and associated
Tn1721 was frequently detected amongst Aeromonas
spp. isolates as has been reported by other studies
(DePaola et al., 1988; Adams et al., 1998; Schmidt et al.,
2001; Miranda et al., 2003; Hatha et al., 2005). This was
also observed for the S. enterica serotype Arizonae
isolates, which is typical for salmonellae (Frech and
Schwarz, 2000). The role of transposons associated with
these determinants should not be underplayed since
movement of these genes is facilitated via plasmid
vectors or by direct transposition.

tet genes of classes A, B, D and H are associated with
non-conjugative  transposons or  transposon-like
elements, while those of classes C, E, and G are often
found on plasmids (Butaye et al., 2003). The tef(B) and
tet(G) determinants are regarded as being non-mobile
(Jun et al., 2004) and this may explain their limited
distribution amongst bacteria. tef(A) genes from S.
enterica isolates from animals were found to be both
plasmid- and chromosomally-located, while tef(B), -(C),
and —(D) were chromosomally located (Pezzella et al.,
2004). While it was attempted to localise the tet
determinants to plasmid or chromosomal locations, the
different primer sets, in the present study, were not useful
in this regard. A greater diversity of tet determinants was
identified using genomic DNA as a template.

Tetracyclines are used most frequently in veterinary
medicine, while B-lactam use ranks third. Resistance to
B-lactams and aminoglycosides was observed among
tetracycline-resistant isolates. There might be co-
selection of other resistance genes during tetracycline
use. It is also possible that co-selection of tef genes
occurred under selective pressure from use of other
antimicrobials (Frech and Schwarz, 2000). The
tetracycline resistant study isolates also appeared to
carry other unrelated resistance determinants, for
example the TEM-1 B-lactamase gene encoding B-lactam
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resistance. A number of these isolates also carry
integrons containing resistance cassettes encoding
aminoglycoside resistance as well as resistance to
sulphonamides and quaternary ammonium compounds,
and were resistant to heavy metals (data not shown). It is
thus not unlikely, that the combination of different
resistance genes, whether associated with mobile genetic
elements or not, will facilitate selection of the resistant
subpopulations of bacteria in the aquaculture
environment when challenged with tetracycline
(therapeutically or prophylactically) and vice versa —
“hunting as a pack” phenomenon.

The high prevalence of resistance genes in the
aquaculture system surveyed cannot be explained since
the fish system had not encountered any disease
outbreaks and thus has not been exposed to any type of
antimicrobial agent. Seyfried et al. (2010) observed that
many aquaculture facilities had a higher prevalence of
tetracycline resistance genes irrespective of tetracycline
use and dosage. Increased tetracycline resistance can be
observed in any aquatic environment where there is an
accumulation of fish feed, since fish farm influents and
pelletised feed may serve as reservoirs of resistance
genes even in the absence of antibacterial agents
(Miranda and Zemelman, 2002; Seyfried et al., 2010).
Dead commensal and pathogenic bacteria or bacteria in
excreta may serve as vectors for the transmission of
mobile resistance determinants. Additionally, a biofilm
lifestyle (sides of aquaculture tanks, inlet and outlet pipe
systems) may serve not only as potential reservoirs of
resistance determinants and their associated mobile
genes but also provide microniches where transfer
events can occur at high frequencies sources
(Cvitkovitch, 2004).

The diversity of tet resistance determinants isolated
from an aquaculture system not previously treated with
antimicrobial agents highlights the need to have
continuous surveillance of resistance genes within this
environment in order to ensure judicious use of
antimicrobial agents for therapy and/or prophylaxis. Since
the product of aquaculture is destined for human
consumption, knowledge of genes circulating amongst
zoonotic bacteria is crucial in trying to limit the movement
of these genes through the food chain and decrease their
impact on human health and therapy (Seyfried et al.,
2010; Gao et al., 2012; Ryu et al., 2012).

ACKNOWLEDGEMENTS

This work was funded by a Researchers’ in Training
Thuthuka Program grant to HY Chenia from the National
Research Foundation of South Africa
(TTK2003032000142). We thank AquaStel (Pty) Ltd, for
access to aquaculture fish and facilities.



6768 Afr. J. Microbiol. Res.

REFERENCES

Adams CA, Austin B, Meaden PG, Mcintosh D (1998) Molecular
characterization of plasmid-mediated oxytetracycline resistance in
Aeromonas salmonicida. Appl. Environ. Microbiol. 64:4194-4201.

Akinbowale OL, Peng H, Barton MD (2007). Diversity of tetracycline
resistance genes in bacteria from aquaculture sources in Australia. J.
Appl. Microbiol. 103:2016-2025.

Andersen SR, Sandaa RA (1994). Distribution of tetracycline resistance
determinants among Gram-negative bacteria isolated from polluted
and unpolluted marine sediments. Appl. Environ. Microbiol. 60:908-
912.

Ausubel FM, Brent R, Kingston RE, Moore DD, Seidman JG, Smith JA,
Struhl K (1989). Current protocols in molecular biology, John Wiley
and Sons Ltd., New York 2:2.4.1-2.4.5.

Birnboim HC, Doly J (1979). A rapid alkaline extraction procedure for
screening recombinant plasmid DNA. Nucl. Acids Res. 7:1513-1523.
Butaye P, Cloeckaert A, Schwarz S (2003). Mobile genes coding for
efflux-mediated antimicrobial resistance in Gram-positive and Gram-

negative bacteria. Int. J. Antimicrob. Agents 22:205-210.

Chopra |, Roberts M (2001). Tetracycline antibiotics: mode of action,
applications, molecular biology, and epidemiology of bacterial
resistance. Microbiol. Mol. Biol. Rev. 65:232-260.

Clinical and Laboratory Standards Institute (CLSI) (2006). Methods for
Antimicrobial Disk Susceptibility Testing of Bacteria Isolated From
Aquatic Animals; Approved Guideline. CLSI document M42-A.
Clinical and Laboratory Standards Institute, Wayne, Pennsylvania,
USA.

Cvitkovitch DG (2004). Genetic exchange in biofilms. In: Ghannoum M,
O'Toole GA (eds.) Microbial Biofilms, ASM Press, USA, Washington
D. C. pp. 192-205.

DePaola A, Flynn PA, McPhearson RM, Levy SW (1988). Phenotypic
and genotypic characterization of tetracycline- and oxytetracycline-
resistant Aeromonas hydrophila from cultured channel catfish
(Ictalurus punctatus) and their environments. Appl. Environ.
Microbiol. 54:1861-1863.

DePaola A, Roberts MC (1995). Class D and E tetracycline resistance
determinants in Gram-negative bacteria in catfish ponds. Mol. Cell.
Probes 9:311-313.

Frech G, Schwarz S (2000). Molecular analysis of tetracycline
resistance in Salmonella enterica subsp. enterica serovars
Typhimurium, Enteritidis, Dublin, Choleraesuis, Hadar and Saintpaul:
construction and application of specific gene probes. J. Appl.
Microbiol. 89:633-641.

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

Gao P, Mao D, Luo Y, Wang L, Xu B, Xu L (2012). Occurrence of
sulphonamide and tetracycline-resistant bacteria and resistance
genes in aquaculture environment. Water Res. 46:2355-2364.

Guerra B, Soto S, Arguelles JM, Mendoza MC (2001). Multidrug
resistance is mediated by large plasmids carrying a class 1 integron
in the emergent Salmonella eneterica serotype [4,5,12:1:-].
Antimicrob. Agents Chemother. 45:1305-1308.

Guillaume G, Verbrugge D, Chasseur-Libotte ML, Moens W, Collard, J-
M (2000). PCR typing of tetracycline resistance determinants (Tet A-
E) in Salmonella enterica serotype Hadar and in the microbial
community of activated sludges from hospital and urban wastewater
treatment facilities in Belgium. FEMS Microbiol. Ecol. 32:77-85.

Hatha M, Vivekanandhan AA, Julie JG, Christol (2005). Antibiotic
resistance pattern of motile aeromonads from farm raised fresh water
fish. Int. J. Food Microbiol. 98:131-134.

Jun LJ, Jeong JB, Huh MD, Chung JK, Choi DL, Lee CH, Jeong HD
(2004). Detection of tetracycline-resistance determinants by multiplex
polymerase chain reaction in Edwardsiella tarda isolated from fish
farms in Korea. Aquaculture 240:89-100.

Kruse H, Sgrum H (1994). Transfer of multiple drug resistance plasmids
between bacteria of diverse origins in natural microenvironments.
Appl. Environ. Microbiol. 60:4015-4021.

Miranda CD, Zemelman R (2002). Bacterial resistance to
oxytetracycline in Chilean salmon farming. Aquacult. 212:31-47.

Miranda CD, Kehrenberg C, Ulep C, Schwarz S, Roberts MC (2003).
Diversity of tetracycline resistance genes in bacteria from Chilean
salmon farms. Antimicrob. Agents Chemother. 47:883-888.

Pezzella C, Ricci A, DiGiannatale E, Luzzi I, Carattoli A (2004).
Tetracycline and streptomycin resistance genes, transposons, and
plasmids in Salmonella enterica isolates from animals in ltaly.
Antimicrob. Agents Chemother. 48:903-908.

Rhodes G, Huys G, Swings J, McGann P, Hiney M, Smith P, Pickup
RW (2000). Distribution of oxytetracycline resistance plasmids
between aeromonads in hospital and aquaculture environments:
implication of Tn1721 in dissemination of the tetracycline resistance
determinant Tet A. Appl. Environ. Microbiol. 66:3883-3890.

Roberts MC (2003). Tetracycline therapy: update. Clin. Infect. Dis.
36:462-467.

Roberts MC (2005). Update on acquired tetracycline resistance genes.
FEMS Microbiol. Lett. 245:195-203.

Ryu SH, Park SG, Choi SM, Hwang YO, Ham HJ, Kim SU, Lee YK, Kim
MS, Park GY, Kim KS, Chae YZ (2012). Antimicrobial resistance and
resistance genes in Escherichia coli strains isolated from commercial
fish and seafood. Int. J. Food Microbiol. 152:14-18.

Schmidt AS, Bruun MS, Dalsgaard |, Larsen JL (2001). Incidence,
distribution, and spread of tetracycline resistance determinants and
integron-associated antibiotic resistance genes among motile
aeromonads from a fish farming environment. Appl. Environ.
Microbiol. 67:5675-5682.

Schnabel EL, Jones AL (1999). Distribution of tetracycline resistance
genes and transposons among phylloplane bacteria in Michigan
apple orchards. Appl. Environ. Microbiol. 65:4898-4907.

Seyfried EE, Newton RJ, Rubert KF IV, Pedersen JA, McMahon KD
(2010). Occurrence of tetracycline resistance genes in aquaculture
facilities with varying use of oxytetracycline. Microb. Ecol. 59:799-
807.



