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ABSTRACT

The purpose of the present study was to identify integrons and gene cassettes in vibrios isolated from
the hemolymph of shrimp (Litopenaeus vannamei) farmed in Ceara (Northeastern Brazil).

Twenty-five vibrio strains were evaluated on PCR for class 1 integrons in chromosomal and plasmidial
DNA, using the primers In, Intl, gacEAI, sull and blaPI. Eight (32%) isolates yielded integrase
(intl1) in chromosomal DNA belonging to class 1 integrons, with the gene cassette blaPI detected in
strains of V. natriengens (V10), V. coralliilyticus (V11) and V. parahaemolyticus (V25). The
percentage was 100% in plasmids, with the detection of the gene cassettes blaPl and eredA2 in V.
vulnificus B1 (V4), V. coralliilyticus (V7), V. alginolyticus (V8), V. harveyi (V9), V. alginolyticus
(V16), V. harveyi (V18), V. parahaemolyticus (V19), V. parahaemolyticus (V21) and V. mimicus (V22).
The detection of antimicrobial resistance gene cassettes in the isolated strains indicates the possibility
of dissemination of these genetic elements to autochthonous bacteria in shrimp culture environment.
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RESUMO

O objetivo do presente estudo foi identificar integrons e cassetes gé€nicos em vibrios isolados da
hemolinfa de camarfo (Litopenaeus vannamei) cultivado no Ceara (Nordeste do Brasil). Vinte e cinco
linhagens de vibrio foram avaliadas em PCR para integrons classe 1 em DNA cromossdmico e
plasmidial, utilizando os primers In, Intl, qacEAI, sull e blaP1. Oito (32%) isolados produziram
integrase (intl/) em DNA cromossOmico pertencente a integrons classe 1, com o gene cassete blaP1
detectado em cepas de V. natriengens (V10), V. coralliilyticus (V11) e V. parahaemolyticus (V25). A
porcentagem foi de 100% em plasmideos, com a detec¢do dos cassetes génicos blaP1 e ereA2 em V.
vulnificus B1 (V4), V. coralliilyticus (V7), V. alginolyticus (V8), V. harveyi (V9), V. alginolyticus
(V16), V. harveyi (V18), V. parahaemolyticus (V19), V. parahaemolyticus (V21) e V. mimicus (V22). A
deteccdo de cassetes de genes de resisténcia antimicrobiana nas cepas isoladas indica a possibilidade
de disseminagdo desses elementos genéticos para bactérias autdctones em ambiente de cultivo de
camarfo.

Palavras-chave: aquacultura, antibidticos, bactéria, integron.
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INTRODUCTION

The main etiologic agents involved in shrimp culture epizootics are virus and certain
bacterial species of the genus Vibrio '. Some vibrios are known to be pathogenic to aquatic
organisms® and many shrimp farmers employ antimicrobials to control infectious diseases’
throughout the production cycle 4. However, the indiscriminate use of antibiotics in
aquaculture favors the selection of resistant strains °. Resistance may be encoded by plasmids,
transposons or integrons which help disseminate resistance gene cassettes’. Integrons are
particularly likely to contain gene cassettes, classified according to their integrase
sequence—the enzyme responsible for mobilizing the gene cassette inside the integron’. The
dissemination of integrons among bacteria pertaining to different phyla illustrates the ability
of this genetic element to transmit information across a wide range of microorganisms |

Vibrios are commonly used as models to study the chromosomal integron/gene
cassette system ° because almost all their genetic elements are mobile . According to
Dalsgaard'!, PCR mapping of integrons and DNA sequencing are important tools in
epidemiological studies of the evolution and dissemination of antimicrobial resistance in
vibrios, especially ¥ cholerae. As shown by Taviani '*, integrons contribute to the
development of antimicrobial resistance. The identification of integrons carrying
antimicrobial resistance genes is crucial to understanding the potential of a given environment
for the development of drug resistance'. The purpose of the present study was to identify
integrons and gene cassettes in vibrios isolated from the hemolymph of shrimp (Litopenaeus

vannamei) farmed in Ceara (Northeastern Brazil).
1 MATERIALS AND METHODS
Origin of vibrio strains
The vibrio strains used in this study were isolated from the hemolymph of 80 shrimp
collected at four shrimp farms in Ceard. Farms A and B are located west of Fortaleza, in the

estuary of the Acaral/Aracatiagu river system. Farms C and D are located east of Fortaleza, in

the estuary of the Jaguaribe river (Figure 1).
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Figure 1 - Location of the farms located in the estuary of the Acarali River and the
estuary of the Rio Jaguaribe.

Selection of vibrio strains
Our samples yielded 122 vibrio strains, of which 25 were selected for the study. The

selection was based on criteria of species, origin and antimicrobial resistance profile after

plasmid curing (Table 1).

Table 1 - Strains of Vibrio spp . selected to detect integrons and gene cassettes on site

based resistance , type and lost strength in March after the test " cure plasmid

. ) Profile
Code Origin Strains Antes da “cura” Apds a “cura”
Vi V. alginolyticus AMP, CFL AMP, CFL
V2 V. harveyi AMP, CFL AMP, CFL
V3 V. corallilyticus AMP, CFL AMP, CFL
V4 V. vulnificus Bl AMP, ERI AMP, ERI'
V5 Acarat/FA V.rumioensis AMP, TET, OTC AMP, TET, OTC
Vo6 V. proteolyticus AMP, CFL AMP, CFL
I AMP, ERI, TET, = AMP, ERI TET,
V7 V. corallilyticus OTC OTC |
A\ V. alginolyticus AMP, ERI AMP, ERT'
Vo9 V. harveyi AMP, ERI AMP, ERT'
V10 V. natriengens AMP, CFL AMP, CFL
Vil Acara0/FB V. corallilyticus AMP, TET, OTC  AMP, TET, OTC
V12 V. corallilyticus AMP, CFL AMP, CFL
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V13 V. alginolyticus AMP, CFL AMP, CFL
V14 V. litoralis AMP, CFL AMP, CFL
V15 V.orientalis AMP, TET, OTC  AMP, TET, OTC
V16 V. alginolyticus AMP, ERI AMP, ERT
V17 V. corallilyticus AMP, CFL AMP, CFL
V18 V. harveyi AMP, ERI AMP, ERT
V19 V. parahaemolyticus AMP, CFL*, ERI  AMP, ERI'
V20 V. parahaemolyticus AMP, CFL AMP, CFL'
V21 V. parahaemolyticus AMP, ERI AMP, ERT
V22 V. mimicus AMP, ERI AMP, ERT'
V23 V. alginolyticus AMP, CFL AMP, CFL
V24 Aracati/FD V. mimicus AMP, CFL* AMP

V25 V. parahaemolyticus AMP, CFL* AMP

AMP - ampicillin ; CFL - cephalothin ; ERI - erythromycin ; OTC - oxytetracycline . i - Intermediate
* Isolated lost resistance to the drug
Polymerase chain reaction (PCR)

DNA was extracted from 25 Vibrio strains inoculated in tryptic soy broth (TSB-Difco)
containing 1% NaCl, followed by incubation for 24 hours at 35°C. After culture in TSB 1%
NaCL, 1-mL aliquots were submitted to DNA extraction with a commercially available kit
(DNeasyTissue, Qiagen). The samples of extracted DNA were analyzed in 1% agarose gel
(Pronadisa, CONDA). The runs were performed in a horizontal electrophoresis tank (Digel;
DGHI12/DGH14) at 120 V/300 mA for 90 min using a TBE 1 X buffer solution. The agarose
gel was stained with RedGel at the concentration recommended by the manufacturer to make
the amplified products visible in the transilluminator (Spectroline-UV) under UV light. The
result was photo-documented with a digital camera (Kodac EDAS290). A 1 kb marker
(Sigma) was used as standard size for the amplified DNA fragments.

Detection of class 1 integrons and cassettes with the gene blaPl in chromosomal and
plasmidial DNA extracted from vibrio strains

The following primers were used to detect class 1 integrons and gene cassettes
in chromosomal DNA extracted from vibrio strains: in (variable and conserved regions of the
integron), intl (class 1 integrons), 3’CS of class 1 integron containing the genes sull
(trimethoprim-sulfamethoxazole resistance) and gacEAI (quarternary ammonium resistance),

and blaP1 (B-lacatam resistance). The thermocycling conditions were those recommended by
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Aarestrup'*, with modifications. The primers were synthesized by Applied Biosystems (USA)
(Table 2)

Table 2- primers and thermal cycling conditions table used in molecular research of Vibrio

strains of shrimp hemolymph Litopenaeus vannamei

Con
ditio
Ampli |ns of
con ther
(bp)* |mal
cycli
ng

Condition

Primer Sequence Cycle |s of
S q s thermal

cycling

Technique

COLL
) IS;
F: 5’- ggcatccaagcagcaage-3 3381 |HAL

B: 5’- tag tccagttcagacgaa -3’ L,
g glicagacg 3415 (1992

In

F: 5'- aaaaccgcce act gegeeg tta- FALB

S 163> |9
B: 5'- gaagacggctge act gaa cg- 1200 39)(

35

, ) 94°C/4min
qacEAI | F: 5'- atcgca ata gttggegaa gt-3 94°C/ lm%n ]S%OK
58°C/ 1min HALL
PCR 35 72°C/ 45 (1989

seg 111> |),

sull B: 5'- ccgegeccaaaggegga acg-3’ 72°c/ 10 | 1149 IS)lé¥R

min OM et
al.(19
88)
ZUH
LSD
RF;
F: 5’- cgctteecgtta aca agt ac-3° 381>4 | WIED
B: 5’- gc gat agactttacttg gtc-3’ 19 EMA

blaPl1

(1992

* base pair ; F: nucleotide sequence forward; B: nucleotide sequence backward
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Detection of the gene cassette ereA2 (erythromycin resistance)

The primer ereA2 was used to detect resistance gene cassettes in the plasmidial DNA
of the nine vibrio strains displaying resistance to erythromycin. Thermocycling followed the
protocol of Szczepanowski '°. The primer was synthesized by Applied Biosystems (USA)
(Table 3).

Table 3 - Primer and thermocycling conditions used in molecular studies of erythromycin
resistance in strains of Vibrio spp . isolated from the hemolymph of shrimp Litopenaeus
vannamei

oo Condition
Conditions Amplicon |s of
Technique | Primers | Sequence C | of thermal P
. (bp)* thermal
cycling .
cycling
THUNGA
94°C/4min PATHRA
94°C/ 1min et al.
F:5-cagcctcaaaagctggagtt-3° 58°C/ 1min (2002).
PCR ered2 B:5-acattccaaaccaatcgcat-3’ 30 72°C/ 1 min 2038 Ref.
72°C/ 10 GENBAN
min K
AF512546

C * Cycles base pair ; F: nucleotide sequence of forward ; B: sequence of nucleotides backward

RESULTS AND DISCUSSION

Table 4 shows the results of the detection of class 1 integrons and resistance gene
cassettes in chromosomal DNA of vibrio strains isolated from the hemolymph of Litopenaeus
vannamei.

The gene intl1 was identified in samples from farms A, B and D, but not in samples
from farm C. Of the 25 vibrio strains with multiple resistance profile, 32% (n=8) tested
positive for intll: V6 (farm A), V10, V12, V13, V17, V19 (farm B), V24 and V25 (farm D)
(Table 4).

Table 4 antimicrobial resistance profile and detection of genes of class 1 integrons and
cassettes on the chromosome of strains of Vibrio spp. isolated from the hemolymph of marine
shrimp Litopenaeus vannamei
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c;\;;giegfof Size (bp) PCR products Ne of copies | Presence of the
Code | Origin Strains Profile the gene amplicons in-F e in-B of t3h’ecgsene genke)lcassette
intl1 apl
Vi V. alginolyticus AMP, CFL - 1650, 1000, 400, 300
V2 V. harveyi AMP, CFL - 3000, 2500, 1200, 650, 400 2
V3 V. corallilyticus AMP, CFL - 1200, 500
\Z) _ V.vulnificus B1 AMP, ERI - 2000, 1200, 750, 400
V5 Acg}f“/ V. rumioensis AMP, TET, OTC - 2000, 750, 300 2
V6 V. proteolyticus AMP, CFL 3 2500 1
\Z4 V. corallilyticus AMP, ERI, TET, OTC -
V8 V. alginolyticus AMP, ERI
V9 V. harveyi AMP, ERI -
V10 V. natriengens AMP, CFL 2 - +
V11 V. corallilyticus AMP, TET, OTC - - +
V12 V. corallilyticus AMP, CFL 6 - 2
V13 V. alginolyticus AMP, CFL 2
Vi V. litoralis AMP, CFL -
V15 . V.orientalis AMP, TET, OTC
V16 Aclféa“’ V. alginolyticus AMP, ERI ;
V17 V.corallilyticus AMP, CFL 1
V18 V. harveyi AMP, ERI -
V19 V. parahaemolyticus AMP, CFL, ERI 2
V20 V. parahaemolyticus AMP, CFL -
V21 V. parahaemolyticus AMP, ERI
V22 V. mimicus AMP, ERI
V23 V. alginolyticus AMP, CFL
V24 Aracati/ V. mimicus AMP, CFL 6 -
/25 FD V. parahaemolyticus AMP, CFL 6 - 1 +

AMP - ampicillin; CFL - cephalothin; ERI - erythromycin; intlI1: gene encoding the integrase class 1; 3 'CS class
1 integron composed of genes sull (sulfazotrim resistance) and qacEA1 (resistance to quaternary ammonium);
blaP1 (resistance to f-lactam).

Importantly, the strains presented similar resistance markers, with the exception of
V19 (farm B) which was resistant to erythromycin in addition to ampicillin and cefalotin.
According to Fluit and Schmitz '°, integrons may be found in chromosomes, plasmids and
transposons. Dalsgaard ' identified class 1 integrons in ¥ cholerae isolated from both
chromosomes and plasmids extracted from clinical samples in South Africa and Mozambique.
Similar observations were made by Sa'® with regard to the significantly greater frequency of
intll in clinical samples than in environmental samples, as opposed to the findings of
Mukherjee and Chakraborty ° and Kitiyodom™.

Although class 1 integrase is mostly reported in analyses of clinical strains of V.
cholerae, our study identified a wide range of non-clinical vibrio species carrying this
enzyme, supporting the findings of several authors investigating environmental strains from
different sources 2" 2**'*  Strains V1-V6 (farm A) yielded amplicons for the genes of the
in-F/in-B region measuring 300-3,000 base pairs (bp) (Table 4), matching the results of Shi **
who found the variable region in V. cholerae strains to have 700-1,250 bp. In contrast,
Dalsgaard ' observed amplicons with 739-1,237 bp in clinical and environmental V. cholerae
strains, while » reported a range of 400-4,000 bp for V. fluvialis.

According to Bennett *°, amplicon size in the conserved region is associated with the
number of gene cassettes in the integron. Thus, primer detection of this region in the DNA of
micro-organisms makes it possible to identify the location of the antimicrobial resistance **.

Strains V1, V3 and V4 (farm A) presented variable regions without the genes that
make up the structure of the integron (Table 4).

A similar pattern was observed by Lévesque ' for Pseudomonas fluorescens, P
aeruginosa and Escherichia coli obtained from clinical samples. Also, Koczura ** evaluated
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class 1 integrons in E. coli isolated from river water and found two strains with empty
integrons, indicating the absence of a correlation between the size of the variable region and
phylogenetic group, or the presence of genes associated with virulence.

As explained by Di Conza and Gutkind *°, some integrons are not only involved in the
acquisition or expulsion of gene cassettes, but have been associated with elements of
recruitment (and even expression) of resistance genes in forms other than cassettes.

Strains V10, V11 (farm B) and V25 (farm D) presented class 1 integrons containing
the gene cassette blaPI (Figure 2). This structure was also identified by Dalsgaard ' in
clinical and environmental strains of ¥ cholerae in Thailand, and by Shi **in V. cholerae
strains from patients with diarrhea in Calcutta (India) between 1992 and 2000.

Figure 2 shows the composition and organization of class 1 integrons in the bacterial
chromosome

Figure 2 - Class 1 integron structure of the scheme with the respective genes cassettes
detected on chromosome of Vibrio spp. isolated from the hemolymph of Litopenaeus
vannamei shrimp.

I I
Intl1l —_— qa(;EAI> sull \/> A

l//

Tnrll }—.— ‘ qacEA]\ sull /> B

/ L~ Legend: intll:
gene encoding the integrase class 1; 3 'CS class 1 integron composed of genes sull (sulfazotrim resistance) and
qacEA]I (resistance to quaternary ammonium); blaP! (resistance to B-lactam).

The presence of the B-lactamase gene in vibrios isolated from shrimp hemolymph is
disturbing because it tends to limit treatment options for vibrio infections. According to
Igbinosa and Okoh *°, B-lactam antimicrobials are the most commonly used drugs to treat
bacterial infections, but the production of B-lactamases by resistant bacterial strains reduces
their efficacy, compromising treatment.

As we have seen, plasmids can carry integrons and play a crucial role in the capture
and subsequent expression of genes*®. Table 5 shows the results of the detection of class 1
integrons and resistance gene cassettes in plasmidial DNA from vibrio strains isolated from
the hemolymph of L. vannamei.

The strains without gene cassettes observed in this study cannot be classified as empty
because only the gene cassette blaP I was evaluated.

All nine strains with changes in resistance profile after plasmid curing (especially with
regard to erythromycin) presented class 1 integrons. Likewise, Sharma *' observed class 1
integrons (intl1) in 100% of their isolates of V. vulnificus, V. fischeri, V. proteolyticus, V.
mimicus, V. cholerae and V. parahaemolyticus from environmental samples (water from the
Narmada river, India). On the other hand, Rosser and Young ** and Sharma and Bora
reported class 1 integrons in environmental samples at lower frequencies than in the present
study.
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A relation may exist between the high percentage of integrons observed and the
selective pressure to which the strains are exposed in their habitat. In fact, according to Ghauri
3% integrons are apparently ubiquitous in nature and may be recovered from clinical and
natural environments, especially when exposed to extreme selective pressure. Sharma and
Bora ** believe that horizontal gene transfer by way of mobile elements (such as plasmids and
phages) can accelerate the genomic diversification of vibrio species, influencing their
physiology, pathogenicity and ecology.

Amplicons related to the primer pair in-F and in-B in plasmids measured 300-2,000 bp (Table
5).

Table 5 - antimicrobial resistance profile and detection of genes of class 1 integrons and cassettes in
plasmid strains of Vibrio spp. isolated from the hemolymph of marine shrimp Litopenaeus vannamei

Similar results were published by 3 According to these authors, integrons may be
exchanged between micro-organisms of the same or different species, leading to resistance in
previously susceptible bacterial strains. On the other hand, Mukherjee and Chakraborty *°
observed amplicons of different size related to the primers in-F and in-B, pointing out that the
difference between the size of the conserved regions depends on the inserted gene cassettes.
Strains V9 (farm A), V16, V21 and V22 (farm B) presented a class 1 integron structure
(structure A, Figure 3). Although the shrimp was sampled at different farms, the integron
structure was the same with regard to the presence of P-lactam (blaP1) resistance gene
cassettes. The same structure was reported by 12 for V. cholerae isolated from water from
Baia de Maputo (Mozambique).

The gene blaP1 was absent from strains V4, V7, V8 (farm A), V18 and V19 (farm B)
(Table 5). Thus, the loss or acquisition of gene cassettes is related to the movement of the
cassettes into and out of the integrons—a random process like most other genetic
rearrangements in micro-organisms. Gene loss is a question of natural selection: if the

B ] ] Ne of copies S:(Z)ZSEES) PCR Presence of Presence of the
Code | Origin | Espécie Profile of the gene amplicons in-F | No of copies of the the gene gene cassette
intll . N cassette blaP1 | ereA2

ein-B gene 3°CS

V4 V. vulnificus B1 AMP, ERI 5 850, 700,400 4 +

V7 Acara V- coralliilyticus AMP, ERI, TET, OTC 7 2000 7 +

V8 il EA V. alginolyticus AMP, ERI 7 600,500, 7 - +

V9 V. harveyi AMP, ERI 7 1000,600, 4 + +
500,

V16 V. alginolyticus AMP, ERI 6 600,500, 6 + +

V18 V. harveyi AMP, ERI 7 - 6 - +

V19  Acara V.parahaemolyticus AMP, CFL, ERI 4 - 6 +

V21  (/FB V. parahaemolyticus AMP, ERI 7 2000,850, 4 + +
300

V22 V. mimicus AMP, ERI 7 300 4 + +

combination of resistance conferred by an integron is advantageous for the individual, it will
harbor and express it, increasing chances of survival in a given environment 37.

Strains V4, V7, V8 (farm A), V18 and V19 (farm B) presented class 1 integron
structure with erythromycin resistance (ereA2) gene cassettes (structure B, Figure 3). The
same composition was reported by 38 in clinical and environmental non-O1 and non-O139 V.
cholerae strains from Calcutta (India).

10
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Figure 3 - Class 1 integron structure of the scheme in plasmids with the respective gene
cassettes in Vibrio spp. isolated from the hemolymph of shrimp Litopenaeus vannamei

B fer 7 | |

| frred 1 | |—- eperer AT | seed A
| |
eresAd2 |

| frredl | |—{:) epere < | seed [ £

bBlalPi eredZ2 | |
| inenn | | @ (@) | qacEAT | swuil C  Legen
| l d:
intl1: gene encoding the integrase class; 3 'CS integron class 1 composed of the genes sull
(sulfazotrim resistance) and qacEA1 (resistance to quaternary ammonium); blaP1 (resistance
to B-lactam) and ereA2 (erythromycin resistance).

Other authors have observed the ere42 gene cassette in class 1 integrons from
different sources ** **.The gene evidently circulates with ease among the micro-organisms
colonizing humans, animals and the environment, at a frequency mainly dependent on the use
of drugs in animal husbandry *'. Strains V9 (farm A), V16, V21 and V22 (farm B)
presented a class 1 integron structure (structure C, Figure 3) containing the gene cassettes
blaP1 and ereA2, which confer resistance to B-lactams and erythromycin, respectively.

According to Carattoli **, the evolution of multiresistance seems to progress
relentlessly by way of the acquisition and grouping of resistance genes disseminated by
integrons. Controlling this process represents a considerable challenge for public health
authorities. The literature has many examples of multiresistance conferred by resistance gene
cassettes carried by integrons. In their analysis of class 1 integrons in plasmids from V.
cholerae and V. parahaemolyticus, Ceccarelli * found gene cassettes associated with
resistance to streptomycin, trimethoprim and B-lactams, while Khan* found gene cassettes in
Salmonella associated with resistance to trimethoprim-sulfamethoxazole and streptomycin.
According to these authors, the use of antimicrobials in mariculture should be optimized to
prevent the emergence of resistant pathogens and reduce the risk of transmission to humans.

These considerations highlight the usefulness of investigations of integrons and
resistance gene cassettes in the surveillance of antimicrobial use on farms *-

11
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CONCLUSION

The detection of antimicrobial resistance gene cassettes in the strains isolated for this
study is an indication of the circulation of these genetic elements in the environment, the
possibility of their incorporation into the chromosomal and plasmidial DNA of proximate
bacteria by way of integrons, and the risk of their dissemination to autochthonous micro-
organisms in shrimp culture. This may be a determinant of the pathogenicity of the bacterial
strains currently threatening livestock health and farm productivity.

REFERENCES

1. BACHERE, E. Shrimp immunity and disease control: introduction. Aquaculture.
1-3(191), 3-11, 2000.

2. JOHNSON, N. C. Fitness Factors in Vibrios: a Mini-review. Microb. Ecol., 65, 826— 851,
2013.

3. DEFOIRDT, T.; BOON, N.; SORGELOOS, P, VERSTRAETE, W.; BOSSIER, P.
Alternatives to antibiotics to control bacterial infections: luminescent vibriosis in aquaculture
as an example. Trends Biotechnol., /0(25), 472-479, 2007.

4, SANTIAGO, M. L. H.; ESPINOSA, A. P.; BERMUDEZ, M. C. A. Uso de antibidticos en
la camaronicultura. Rev. Mexicana Cienc. Farmac., 40, (3), 22-32, 2009.

5. SILVEIRA,G. P.; NOME, F.; GESSER, J. C.; SA, M. M. Estratégias utilizadas no combate
a resisténcia bacteriana. Quim. Nova, 29, (4), 844-855, 2006.

6. Vaz, E. K. Resisténcia antimicrobiana: como surge € o que representa para a suinocultura.
Acta Sci. Vet. 37, (Supl. 1), 147-150, 2009.

7. MAZEL, D. Integrons: agents of bacterial evolution. Nat. Rev. Microbiol., 4, (8),
608-620. 2006

8. HALL, R. M. Integrons and gene cassettes: hotspots of diversity inbacterial genomes. Ann.
N. Y. Acad. Sci., 1267 (1), 71-78, 2012.

9. ROWE-MAGNUS, D. A.; GUEROUT, A. M.; BISKRI, L.; BOUIGE, P; MAZEL, D.
Comparative analysis of superintegrons: engineering extensive genetic diversity in the

Vibrionaceae. Genome Res., /3, (3), 428-442, 2003.

10. THOMPSON, F. L.; KLOSE, K. E.; Avib Group. Vibrio2005: the First International
Conference on the Biology of Vibrios. J. Bacteriol., /88, (13), 4592-4596. 2006.

12



INTEGRONS AND GENE CASSETTES ENCODING ANTIMICROBIAL

1SSN 29366717 RESISTANCE IN VIBRIOS ISOLATED FROM SHRIMP HEMOLYMPH (LITOPENAEUS VANNAMET )

11. DALSGAARD, A.; FORSLUND, A.; SERICHANTALERGS, O.; SANDVANG, D.
Dstribution and content of class 1 integrons in different Vibrio cholerae O-serotype strains
isolated in Thailand. Antimicrob. Agents Chemother. 44, (5), p. 1315- 1321. 2000.

12. TAVIANI, E.; CECCARELLI, D.; LAZARO, N.; BANI, S.; CAPPUCCINELLIL P;
COLWELL, R. R.; COLOMBO, M. M. Environmental Vibrio spp., isolated in Mozambique,

contain a polymorphic group of integrative conjugative elements and class 1 integrons.
FEMS Microbiol. Ecol. 64, (1), 45-54, 2008.

13. HENRIQUES, I. S.; FONSECA, F.; ALVES, A.; SAAVEDRA, M. J.; CORREIA, A.
Occurrence and diversity of integrons and [B-lactamase genes among ampicillin-resistant
isolates from estuarine waters. Res. Microbiol., /57, (10), 938-947,2006.

14. AARESTRUP, F. M.; AHRENS, P.; MADSEN, M.; PALLESEN, L. V.; POULSEN, R. L,;
WESTH, H. Glycopeptide susceptibility among Danish Enterococcus faecium and
Enterococcus faecalis isolates of animal and human origin and PCR identification of genes
within the VanA cluster. Antimicrob. Agents Chemother. 40, (8), p. 1938- 1940, 1996.

15. SZCZEPANOWSKI, R.; LINKE, B.; KRAHN, L; GARTEMANN, K. H.; GUTZKOW,
T.; EICHLER, W.; PUHLER, A.; SCHLUTER, A. Detection of 140 clinically relevant
antibioticresistance genes in the plasmid metagenome of wastewater treatment plant bacteria
showing reduced susceptibility to selected antibiotics. Microbiol., 155, (7), 2306-2319. 2009.

16. FLUIT, A. C.; SCHMITZ, F. J. Resistance integrons and super-integrons. Clin. Microbiol
Infect. 10, (4), 272288, 2004.

17. DALSGAARD, A.; FORSLUND, A.; SANDVANG, D.; ARNTZEN, L.; KEDDY, K.
Vibrio cholera O1 outbreak isolates in Mozambique and South Africa in 1998 are multiple-
drugresistant, contain the STX element and the aadA2 gene located on class 1 integrons. J.
Antimicrob. Chemother. 48, (6), 827-838, 2001.

18. SA, L. L.C.; FONSECA, E. L.; PELLEGRINI, M.; FREITAS, F.; LOUREIRO, E. C.B.;
VICENTE, A. C. P. Occurrence and composition of class 1 and class 2 integrons in clinical

and environmental O1 and non-Ol/non-O139 Vibrio cholerae strains from the
BrazilianAmazon. Mem. Inst. Oswaldo Cruz, 105, (2), 229-232, 2010.

19. MUKHERIJEE, S.; CHAKRABORTY, R. Incidence of class 1 integrons in multiple
antibiotic-resistant Gram-negative copiotrophic bacteria from the River Torsa in India. Res.
Microbiol. 157, (3), 220-226, 2006.

20. KITIYODOM, S.; KHEMTONG, S.; WONGTAVATCHALI, J.; CHUANCHUEN, R.

Characterization of antibiotic resistance in Vibrio spp. isolated from farmed marine shrimps
(Penaeus monodon). FEMS Microbiol. Ecol., 72, (2), 219-227, 2010.

13



INTEGRONS AND GENE CASSETTES ENCODING ANTIMICROBIAL

1SSN 29366717 RESISTANCE IN VIBRIOS ISOLATED FROM SHRIMP HEMOLYMPH (LITOPENAEUS VANNAMET )

21. DAUROS, P.; BELLO, H.; DOMINGUEZ, M.; HORMAZABAL, J. C.; GONZALEZ, G.
Characterization of Vibrio parahaemolyticus strains isolated in Chile in 2005 and in 2007. J
Infect. Dev Ctries., 5, (7), 502-510, 2011.

22. KITIYODOM, S.; KHEMTONG, S.; WONGTAVATCHAI, J.; CHUANCHUEN, R.
Characterization of antibiotic resistance in Vibrio spp. isolated from farmed marine shrimps
(Penaeus monodon). FEMS Microbiol. Ecol., 72, (2), 219-227, 2010.

23. KOENIG, J. E.; BOURNE, D. G.; CURTIS, B.; DLUTEK, M.; STOKES, H.W.;
DOOLITTLE, W. F.; BOUCHER, Y. Coral-mucus-associated Vibrio integrons in the Great
115 Barrier Reef: genomic hotspots for environmental adaptation. ISME J. 3, (6), 962-972,
2011.

24. SHI, L.; FUJIHARA, K.; SATO, TOSHIO.; ITO, H.; GARG, P.; CHAKRABARTY, R;
RAMAMURTHY,T.; NAIR, G. B.; TAKEDA, Y., YAMASAKI, S. Distribution
andcharacterization of integrons in various serogroups of Vibrio cholera strains isolated
fromdiarrhoeal patients between 1992 and 2000 in Kolkata, India. J. Med. Microbiol., 55,
(5), 575-583. 2006.

25. RAJPARA, N.; PATEL, A.; TIWARI, N.; BAHUGUNA, J; ANTONY, A
CHOUDHURY, I.; GHOSH, A.; JAIN, R.; GHOSH, A.; BHARDWAIJ, A. K. Mechanism of
drug resistance in a clinical isolate of Vibrio fluvialis: involvement of multiple plasmids and
integrons. Int. J. Antimicrob. Agent. 34, (3),.220-225., 2009.

26. BENNETT, P. M. Plasmid encoded antibiotic resistance: acquisition and transfer of
antibiotic resistancegenes in bacteria. Br. J. Pharmacol., 153, (supl. 1), S347-S357, 2008.

27. LEVESQUE, C.; PICHE, L.; LAROSE, C.; ROY, P. H. PCR Mapping of Integrons
Reveals

Several Novel Combinations of Resistance Genes. Antimicrob. Agents Chemother.,
39, (1), 185-191, 1995.

28. KOCZURA, R., KRYSIAK, N., TARASZEWSKA, A., MOKRACKA, J. Coliform
bacteria isolated from recreational lakes carry class 1 and class 2 integrons and virulence-
associated genes. Agents Chemother., 119, (2), 594-603. 2013.

29. DI CONZA, J. A.; GUTKIND, G. O. Integrones: los coleccionistas de genes. Rev.
Argent.
Microbiol., 42, (1), 63-78, 2010.

30. IGBINOSA, I. H.; OKOH. A. I. Antibiotic Susceptibility Profile of Aeromonas Species
Isolated from Wastewater Treatment Plant. Sci.World J., 10, 1-6. 2012.

31. SARMAH, A. K.; MEYER, M. T.; BOXALL, A. B. A global perspective on the use,sales,

exposure pathways, occurrence, fate and effects of veterinary antibiotics (VAs) inthe
environment. Chemosphere, 65, ( 5), 725-759, 2006.

14



INTEGRONS AND GENE CASSETTES ENCODING ANTIMICROBIAL

1SSN 29366717 RESISTANCE IN VIBRIOS ISOLATED FROM SHRIMP HEMOLYMPH (LITOPENAEUS VANNAMET )

32. ROSSER, S. J.; YOUNG, H. K. Identification and characterization of class 1 integrons in
bacteria from an aquatic environment. J. Antimicrob. Chemoth. 44, (1), 11-18, 1999.

33. SHARMA, A.; BORA, C. R. Role of mobile genetic elements (Plasmid, classl integron
and

SXTelement) in dissemination of multidrug resistant non cholera vibrios. CTBCR, 2011,

1, (1), 30-41.

34.GHAURI, M.A.; KHALID, A.M.; GRANT, W. D.; HEAPHY, SHAUN. Phylogenetic
Analysis of Bacterial Isolates from Man-Made High-pH, High-Salt Environments and
Identification of Gene-Cassette—Associated Open Reading Frames. Current. Microbiol. 52,
(6), 487-492, 2006.

35. LUKKANA, M.; WONGTAVATCHALI, J.; CHUANCHUEN, R. Class 1 integrons in
Aeromonas hydrophila isolates from farmed Nile tilapia (Oreochromis nilotica). J. Vet. Med.
Sci. 74, (4), 435-440, 2012.

36. MUKHERIJEE, S.; CHAKRABORTY, R. Incidence of class 1 integrons in multiple
antibiotic-resistant Gram-negative copiotrophic bacteria from the River Torsa in India. Res.
Microbiol. 157, (3), 220-226, 2006.

37. BENNETT, P. M. Integrons and gene cassettes: a genetic construction kit for bacteria. J.
Antimicrob. Chemother., 43, (1), 1-4,1999.

38. THUNGAPATHRA, M. A.; SINHA, K. K., CHAUDHURI, S. R.; GARG,
P,RAMAMURTRHY, T.; NAIR, G. B.; GHOSH, A. Occurrence of antibiotic resistance gene
Cassettes aac(6’)-Ib, dfrAS,dfrA12, and ereA2 in class i integrons in non-O1, non-O139
Vibrio cholera e strains in india. Antimicrob. Agents Chemother., 46, ( 9), 2948-2955,
2002.

39. Ahmed, A. M.; Shimamoto, T. Molecular characterization of antimicrobial resistance in
Gram-negative bacteria isolated from bovine mastitis in Egypt. Microbiol Immunol.,
55, (5), 318-327, 2011.

40. POVILONIS, J.; SEPUTIENE, V. RUZAUSKAS, M. SIUGZDINIENE, R,
VIRGAILIS, M.; PAVILONIS, A.; SUZIEDELIENE, E. Transferable Class 1 and 2 Integrons
in Escherichia coli and Salmonella enterica isolates of human and animal origin in Lithuania.
Foodborne Pathog. Dis. 7, (10), 1185-1192, 2010.

41. KIM, Y.H.; CERNIGLIA, C. E. Influence of erythromycin A on the microbial populations
in

aquaculture sediment microcosms. Aquat. Toxicol., 73, (3) 230-241. 2005.

42. CARATTOL, I, A. Importance of integrons in the diffusion of resistance. Vet. Res., 32,
(3-4), 243-259, 2001.

15



INTEGRONS AND GENE CASSETTES ENCODING ANTIMICROBIAL
1SSN 29366717 RESISTANCE IN VIBRIOS ISOLATED FROM SHRIMP HEMOLYMPH (LITOPENAEUS VANNAMET )

43, CECCARELLI, D.; SALVIA, A. M.; SAMI, J.; CAPPUCCINELLI, P.; Colombo, M. M.
New cluster of plasmid-located class 1 integrons in Vibrio cholerae Ol and a dfrAlS

cassettecontaining integron in Vibrio parahaemolyticus isolated in Angola. Antimicrob.
Agents Chemother. 50, (7), 2493-2499, 2006.

44. KHAN, A. A.; PONCE,E.; NAWAZ, M. S.; CHENG,C. M.; KHAN, J.A.; WEST, C.S.
Identification and Characterization of Class 1 Integron Resistance Gene Cassettes among

Salmonella Strains Isolated from Imported Seafood. Appl. Environ. Microbiol. 75, (4),
1192-1196, 2009.

45. CHANG, C.Y.; CHANG, L. L; CHANG, Y. H.; LEE, T. M. CHANG, S. F.
Characterisation of drug resistance gene cassettes associated with class 1 integrons in clinical

isolates of Escherichia coli from Taiwan, ROC. J. Med. Microbiol., 49, (12), 1097-1102,
2000.

16



