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Abstract

The objectives of the present study were to
investigate the prevalence of plasmid-mediated
quinolone-resistance (PMQR) genes and beta-
lactamase genes in Salmonella, Vibrio parahaemolyticus
and Escherichia coli from shellfish. A total of 35
Salmonella, 22 Vibrio parahaemolyticus, and 58 Escheri-
chia coli of shellfish origin were used in this study.
Antibiotic susceptibility testing of Salmonella, V.
parahaemolyticus, and E. coli against different antibi-
otics was determined by disc diffusion method. The
minimum inhibitory concentrations (MIC) of nalid-
ixic acid and ciprofloxacin were analyzed by
microdilution method for all nalidixic acid/
ciprofloxacin-resistant strains. All the isolates were
screened for the presence of PMQR genes (qnrA,
gnrB, gnrS, qepA, aac(6’)-1b-cr, and o0gxA) and beta-
lactamase genes (bla,,, blag,,, and bla.,y,, ). The
prevalence of nalidixic acid resistance was 5.7, 9,
and 3.4% in Salmonella, V. parahaemolyticus and E.
coli, respectively. Approximately, 4.5% of V.
parahaemolyticus isolates were resistant to
ciprofloxacin. The prevalence of PMQR harboring
Salmonella, V. parahaemolyticus, and E. coli was 22, 9
and 3% respectively. The prevalence of beta-
lactamase genes in Salmonella, V. parahaemolyticus,
and E. coli were 17.14, 9 and 5.1%, respectively. The
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most prevalent PMQR and beta-lactamase genes
were gnrS and bla,,, respectively. The co-occur-
rence of PMQR and beta-lactamase genes in V.
parahaemolyticus and Salmonella, from shellfish,
poses a public health concern.

Keywords: Salmonella; Vibrio; Escherichia coli; shell-
fish

Introduction

Salmonella, Vibrio parahaemolyticus and Escherichia coli
are the most important causes of food-borne
infections (WHO, 2017). Salmonella spp. are found in
the intestinal tract of various warm and even cold-
blooded animals and humans (Sterzenbach et al.,
2013). Vibrio parahaemolyticus is a native of marine
and coastal environments. Certain pathogenic V.
parahaemolyticus strains are responsible for most
seafood-related human infections (Yano et al., 2014).
E. coli is a member of normal intestinal flora of
warm-blooded animals and humans. However,
diarrheagenic E. coli including Shiga toxin-produc-
ing E. coli (STEC), enterotoxigenic E. coli (ETEC),
and enteropathogenic E. coli (EPEC) are associated
with foodborne infections.

Quinolones and fluoroquinolones are one of the
broad-spectrum antibiotics, which are commonly
used in the treatment of food-borne illness (Su et
al., 2004; Hopkins et al., 2005). Food-borne infections
with quinolones/fluoroquinolones-resistant food
pathogens are a major threat to public health. World
Health Organization (WHO, 2017) has categorized
quinolones/ fluoroquinolones as critically important
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with the highest priority for human health. The
acquisition of plasmid-mediated quinolone resis-
tance (PMQR) genes is one of the mechanisms of
quinolone resistance (Martinez-Martinez et al., 1998;
Ruiz et al., 2012). The plasmid-mediated quinolone
resistance (PMQR) mechanisms are controlled by
gnr genes (target protection mechanisms), gepA
genes (efflux pump), ogx genes (multidrug resis-
tance pumps) and aac(6’)-Ib-cr gene (enzymatic
modifications) (Strahilevitz et al., 2009; Xiong et al.,
2011; Aldred et al., 2014). Beta-lactam resistance can
be associated with plasmid-mediated quinolone
resistance (Basu & Mukherjee, 2018), increasing the
risk of foodborne infections. Beta-lactamase genes
such as blai;y,,, blay,, and blag,, have been
associated with resistance to penicillins, 1%, 2nd and
34 generation cephalosporins (Tansawai et al.,
2018).

Several outbreaks caused by Salmonella spp., V.
parahaemolyticus and E. coli associated with the
consumption of shellfish have been reported world-
wide (CDC, 1993; Yoon et al., 2008; Hongping et al.,
2011; Guérin et al., 2017). Shellfish are filter feeders.
Shellfish filter large quantities of water and thus
concentrate the contaminants in water. They also
concentrate pathogenic microbes present in the
water including bacteria (Ripabelli et al., 1999). The
emergence of antibiotic-resistant bacteria and trans-
fer of these bacteria to humans via the food chain
is a challenge to the field of food safety.

Several studies reported the prevalence of PMQR
genes and beta-lactamase genes from aquatic envi-
ronment (Benaicha et al.,, 2017; Yan et al., 2017),
poultry (Campos et al., 2018; Ferreira et al., 2018;
Niero et al., 2018) and clinical settings (Basu &
Mukherjee, 2018; Mirzaii et al., 2018; Azargun et al.,
2019). However, there are very few studies on the
prevalence of PMQR and beta-lactamase genes in
bacterial isolates from shellfish. The objectives of the
present study were to investigate the prevalence of
antibiotic resistance, PMQR genes and beta-lactamase
genes in Salmonella, Vibrio parahaemolyticus, and
Escherichia coli isolates from shellfish.

Materials and Methods

A total of 35 Salmonella, 22 V. parahaemolyticus and
58 E. coli strains were isolated from shellfish by our
research group and maintained in the laboratory
were used in this study. Shellfish samples were
collected from Vembanad lake, South India.
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Antibiotic susceptibility testing of Salmonella,
V. parahaemolyticus, and E. coli against different
antibiotics was determined by disc diffusion method
(Bauer et al.,, 1966) on Mueller-Hinton agar (Hi-
Media, India). The following antibiotics were tested:
ampicillin (Amp, 10 mcg), cefotaxime (Ctx, 30 mcg),
cefoxitin (Cx, 30 mcg), ceftazidime (Caz, 30 mcg),
ceftriaxone (Ctr, 30mcg), ciprofloxacin, (Cip, 5 mcg),
co-trimoxazole (Co, 25 mcg), gentamicin (Gen, 10
mcg), nalidixic acid (Na, 30 mcg), streptomycin (S,
10 mcg), tetracycline (Te, 30 mcg) and trimethoprim
(Tr, 5 mcg). The results were interpreted according
to the Clinical Laboratory Standards Institute
guidelines (CLSI, 2010; 2012). The minimum inhibi-
tory concentration (MIC) of nalidixic acid and
ciprofloxacin were analyzed by microdilution method
for all nalidixic acid/ciprofloxacin-resistant strains
(Andrews, 2001). E. coli ATCC 25922 strain was used
as the control strain. Multiple antibiotic resistance
(MAR) index was calculated by dividing the number
of antibiotics to which the isolate was resistant by
the total number of antibiotics used.

Plasmid DNA from the bacterial genome was
extracted as per alkali lysis with SDS method:
minipreparation (Sambrook & Russell, 2006). All
plasmid yielded strains such as 17 Salmonella, 10
Vibrio parahaemolyticus and 5 E. coli were tested for
PMQR genes. The PMQR genes such as gnrA (Cattoir
et al., 2007), gnrB, gnrS (Benaicha et al., 2017), gepA,
aac(6’)-1b-cr (Kim et al., 2011) and ogxA (Ni et al.,
2016) were used in this study. PCR mixes of 25 pL
final volume were prepared with 1 pL of total DNA,
0.2 uM of each primer and 12.5 uL of Emerald Amp®
GT PCR Master Mix (Takara, Japan). The cycling
conditions were as follows: initial denaturation at
94°C for 4 min, 30 cycles of denaturation at 94°C
for 30s, annealing (varied temperature, given in
Suppl. Table 1) for 1 min, extension at 72°C for 1.5
min; and a final extension at 72°C for 7 min.

Beta-lactamase genes such as blay,, blag,, and
blai;y,,, (Dallenne et al., 2010) were analyzed in this
study. All plasmid yielded strains such as 17
Salmonella, 10 Vibrio parahaemolyticus and 5 E. coli
were tested for beta-lactamase genes. PCR mixes of
25 pL final volume were prepared with 1 uL of total
DNA, 0.2 uM of each primer and 12.5 uL of
Emerald Amp® GT PCR Master Mix (Takara, Japan).
The cycling conditions were as follows: initial
denaturation at 94°C for 7 min, 30 cycles of
denaturation (94°C, 40 s), annealing (60°C, 40 s),
extension (72°C, 1 min) and final extension (72°C,
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75 min). The primers are shown in Supplementary
Table 1.

Statistical analyses of the results were carried out
using IBM SPSS version 22 (IBM Corporation, New
York, USA). A Pearson’s Chi-squared test was
applied to test differences in the prevalence of
antibiotic  resistance among  Salmonella,
V. parahaemolyticus, and E.coli. It was also used to test
the co-occurrence of PMQR and beta-lactamase
genes among Salmonella, V. parahaemolyticus and E.
coli. Statistical significance was set at p<0.05.

Results and Discussion

In this study, we have detected the presence of
PMQR and beta-lactamase genes in Salmonella, V.
parahaemolyticus and E. coli of shellfish origin. Many
studies have raised a concern about the increasing
quinolone-resistant bacteria (Ferreira et al., 2018;

Luk-in et al., 2018; Azargun et al., 2019). Further-
more, the co-occurrence of PMQR and beta-
lactamase genes complicates the treatment of infec-
tions.

Statistically significant differences (p<0.05) in the
prevalence of antibiotic resistance among Salmonella,
V. parahaemolyticus and E. coli isolates are indicated
by superscript letters. ? between Salmonella and
V. parahaemolyticus, ® between Salmonella and E. coli,
¢ between V. parahaemolyticus and E. coli.

A total of 35 Salmonella, 22 V. parahaemolyticus and
58 E. coli were isolated from shellfish samples.
Among Salmonella isolates, 5.7% were resistant to
nalidixic acid. In contrast to results of the study, Hu
et al. (2017) reported that nalidixic acid resistance
is very common among Salmonella. Although
fluoroquinolone resistance among Salmonella is
increasing (Luk-in et al., 2018; Ma et al., 2018)

Table 1. Antibiotic resistance of Salmonella, V. parahaemolyticus and E. coli isolates. R: Resistant, I: Intermediate, S:

Susceptible

Salmonella (%) V. parahaemolyticus (%) E. coli (%)

(n = 35) (n =22) (n = 58)
Antibiotics R I S R I S R I S
Ampicillin b ¢ 25 12 16 3 39

(71.42) 0 (34.28) 22 (100) O 0 (27.58) (5.17) (67.24)
Cefotaxime ? © 15 7 13 10 3 9

(42.86) (22.86) (37.14) (45.45) (13.63) (40.9) 0 0 100
Cefoxitin & ¢ 3 32 14 8 56

(8.57) 0 (91.42) (63.63) 0 (36.36) 2(344) 0 (96.55)
Ceftazidime @ ¢ 6 8 14

0 (17.14) 82.85 (36.36) 0 (63.63) 0 0 100
Ceftriaxone 1 32 2 20

(2.85) 2 (5.71) (91.42) 0 (9.09) (90.9) 0 0 100
Ciprofloxacin # ¢ 5 30 1 4 15 2 56

0 (0) (14.28) (85.71) (4. (18.18) (68.18) 0 (3.44) (96.55)
Co-trimoxazole & b ¢ 33 6 2 14 3 55

0 2 (5.71)  (94.28) (27.27) (9.09) (63.63) (5.17) 0 (94.82)
Gentamicin @ ¢ 7 15 1 57

0 0 100 (31.81) 0 (68.18) (1.72) 0 (98.27)
Nalidixic acid 2 33 1 19 2 56

(5.71) 0 (94.28) 2 (9.09) (4.54) (86.36) (3.44) 0 (96.55)
Streptomycin & b ¢ 2 33 8 3 3 1 54

0 (5.71) (94.28) (36.36) (13.63) 11 (50) (5.17) (1.72) (93.1)
Tetracycline © 2 2 31 3 1 18 2 1 55

(5.71) (5.71) (88.57) (13.63) (4.54) (81.81) (3.44) (1.72) (94.82)
Trimethoprim @ ¢ 2 33 4 1 17 4 54

(5.71) 0 (94.28) (18.18) (4.54) (77.27) (6.89) 0 (93.1)
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Table 2. Characteristics of antibiotic-resistant Salmonella, V. parahaemolyticus, and E. coli. Amp, Amipicillin; Ctx,
Cefotaxime; Cx, Cefoxitin; Caz, Ceftazidime; Ctr, Ceftriaxone; Cip, Ciprofloxacin; Cot, Co-Trimoxazole; Gen,
Gentamicin; Na, Nalidixic acid; S, Streptomycin; Te, Tetracycline; Tr, Trimethoprim.

Strain No  Isolate Resistance pattern Mar MIC MIC  PMQR Beta-
index  (Na) (Cip)  genes lactamse
genes
V40 V. parahaemolyticus Amp- aac(6’)-1b- blacryp g,
CazCipCtxCxGenNaT 0.75 > 128 2 cr, qnrB, blagpy,
gnrS
582 Salmonella AmpCtrCtxCxNaTeTr 0.66 >128 ND qnrB, qnrS  blaciy
blayp,, blag,,
V43 V. parahaemolyticus AmpCazCtxCxGenNaTe 0.66 >128 ND qnrA blagpy,
549 Salmonella AmpCtxCxNaTeTr 0.5 >128 ND qnrA, qnrS,  blap,
0gxA,
EF2 E. coli AmpCotGenNaSTr 0.5 > 128 ND aac(6’)-1b- blag,
cr,0qxA
Vi V. parahaemolyticus AmpCxNaSTr 0.41 > 128 ND ND ND
V31 V. parahaemolyticus AmpCazCtxCxGenSTr 0.66 ND ND ND ND
V17 V. parahaemolyticus AmpCazCtxCxGenSTr 0.66 ND ND ND ND
V29 V. parahaemolyticus AmpCazCtxCxSTr 0.5 ND ND ND ND
V23 V. parahaemolyticus AmpCazCtxCxSTr 0.5 ND ND ND ND
EF18 E. coli CotNaSTeTr 0.41 ND ND qnrA,qnrB ND
V5 V. parahaemolyticus AmpCazCtxCxGen 0.41 ND ND ND ND
Vi1 V. parahaemolyticus AmpCtxCxSTe 0.41 ND ND ND ND
V44 V. parahaemolyticus AmpCazCxGen 0.33 ND ND ND ND
V48 V. parahaemolyticus AmpCtxCxGen 0.33 ND ND ND ND
EF28 E. coli AmpCotSTr 0.33 ND ND ND blagpy,
V28 V. parahaemolyticus AmpCxSTr 0.33 ND ND ND ND
V39 V. parahaemolyticus AmpSTeTr 0.33 ND ND ND ND
V6 V. parahaemolyticus AmpCtxCx 0.25 ND ND ND ND
S150 Salmonella AmpCtxCx 0.25 ND ND qepA, qnrA  blag,,, blag,,
EF100 E. coli AmpCxTr 0.25 ND ND ND blag,
\E V. parahaemolyticus AmpCx 0.16 ND ND ND ND
EFK3 E. coli AmpCx 0.16 ND ND ND ND
553 Salmonella AmpCtx 0.16 ND ND aac(6’)-Ib-cr - ND
545 Salmonella AmpCtx 0.16 ND ND ND ND
S32 Salmonella AmpCtx 0.16 ND ND ND ND
528 Salmonella AmpCtx 0.16 ND ND ND ND
S27 Salmonella AmpCtx 0.16 ND ND ND ND
523 Salmonella AmpCtx 0.16 ND ND ND ND
S2 Salmonella AmpCtx 0.16 ND ND aac(6’)-Ib-cr - ND
S123 Salmonella AmpCtx 0.16 ND ND aac(6’)-1b- blacryys
cr, gepA, blagg,
qnrA,qnrB,
qnrS
S12 Salmonella AmpCtx 0.16 ND ND ND ND
S118 Salmonella AmpCtx 0.16 ND ND ND ND
H77 Salmonella AmpCtx 0.16 ND ND ND blagpy,
H124 Salmonella AmpCtx 0.16 ND ND qnrs blag,
542 Salmonella Amp 0.08 ND ND qepA ND
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worldwide, in our study nalidixic acid-resistant
Salmonella isolates were sensitive to ciprofloxacin.
Several studies reported the prevalence of nalidixic
acid-resistant Salmonella strains with reduced sus-
ceptibility to ciprofloxacin (Casas et al., 2016; Kuang
et al, 2018). Salmonella isolates showed a high
prevalence of resistance for ampicillin and
cefotaxime, which was higher than those previously
reported from aquaculture products including shell-
fish (Zhang et al., 2015). The highest prevalence of
antibiotic resistance was observed for ampicillin
(71.4%), followed by cefotaxime (42.8). The preva-
lence of cefoxitin, tetracycline, trimethoprim and
ceftriaxone, resistance was low, with 8.5, 5.7, 5.7 and
2.8%, respectively (Table 1). About 8.5% of isolates
were multi-drug resistant (resistant to 3 or more
antibiotics). MAR index ranged from 0.16 to 0.66.
The MICs of nalidixic acid for Salmonella were 128
mg 1! for nalidixic acid resistant strains (n = 2) (Table
2).

More than 22% of Salmonella isolates harbored
PMQR genes. Among the PMQR tested genes, qnrS
(11.42%) was more frequent among Salmonella
isolates, which was in agreement with previous
studies (Murray et al., 2008; Luk-in et al., 2018). The
prevalence of gnrA, gepA, and aac(6')-1b-cr  were
8.57% (3/35). The prevalence of gnrB and oqxA were
5.71% and 2.85%, respectively. In contrast to our
study, Nsikan et al. (2019) reported a high preva-
lence of qnrB harboring Salmonella isolates. It was
interesting to note that some of the ciprofloxacin
intermediate strains also harbored PMQR genes.
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Several studies also reported the presence of PMQR
genes in strains with reduced susceptibility to
ciprofloxacin (Tran & Jacoby, 2002; Vinue et al., 2016;
Benaicha et al., 2017). PMQR mechanisms favor the
selection of lower-resistance mutations such as
efflux pump overexpression (AcrAB, MdtE, YdhE),
loss of porins (OmpF) or modifications in li-
popolysaccharide biosynthesis (rfaD, rfaE) (Vinue et
al., 2016). Hence it is difficult to detect PMQR-
producing isolates in surveillance studies without
using molecular methods (Rodriguez-Martinez et
al, 2016). Regarding the prevalence of beta-
lactamase genes, 17.14% of Salmonella isolates
harbored bla,,and 5.71% of isolates had blag;,,and
blaiy ,p,- Approximately, 14.28% of isolates showed
co-occurrence of PMQR and beta-lactamase genes.
There was a statistically significant positive associa-
tion between PMQR and beta-lactamase genes
(p<0.05) (Table 3a). Ma et al. (2018) also reported the
co-occurrence of PMQR and beta-lactamase genes in
Salmonella isolates. Aac (6")-1b-cr and ogxA harboring
Salmonella isolates showed a negative association
with the blag,,, gene.

Among V. parahaemolyticus isolates, 4.5 and 9% were
resistant to ciprofloxacin and nalidixic acid respec-
tively. The prevalence of nalidixic acid-resistant
isolates was higher than those reported from oysters
in Korea (Kang et al., 2018). They followed the CLSI
(2006) criteria for antibiotic susceptibility testing. In
a study by Silva et al. (2018) all the V. parahaemolyticus
isolates from molluscs were sensitive towards
nalidixic acid. Among the various antibiotics,

Table 3a. Co-occurrence of PMQR and beta-lactamase genes among Salmonella isolates.

Beta- PMQR genes
lactamase
genes aac(6’)-Tb-cr qepA qnrA qnrB qnrS 0qxA
Present Absent p-value Present Absent p-value Present Absent p-value Present Absent p-value Present Absent p-value Present Absent p-value
n=3) (n=32) (n=3) (n=32) (n=3) (n=32) (n=2) (n=33) (n=4) (n=31) (n=1) (n=34)
blag,,
P 333% 15.6% 66.6%  12.5% 100%*  9.3% 100%  12.1% 100%  6.4% 100%*  14.7%
(n=6) *(1) (5 0005 *(Q2 & 0.010*  (3) 3) 0.000 *(@2) 4 0000 *@ 0.000 (1) (5) 0.000
A 66.6%  84.3% 333% 87.5% 90.6% 87.8% 93.5% 85.2%
(n=29) (2) 27) (1) (28) 0 (29) 0 (29) 0 (29) 0 (29)
blagy,
6.2%* 333%* 3.2% 33.3%* 3.2% 50%* 3% 25%*  3.2% 5.8%*
n=2) 0 () 0.014 (1) (1) 0.000 (1) O] 0.000 (1) (1) 0.000 (1) (1) 0000 0 2 0.014
A 100%  93.7% 66.6%  96.8% 66.6%  96.8% 50%  96.9% 75%  96.7% 100%  94.2%
(=33 @ 60 @) (31) @ ey (R ®) (30) R
Vlacyse i
333%* 3.1% 33.3%* 3.2% 33.3%* 3.2% 100%* 50% * 2.9%
(n=2) (1) (1) 0.000 (1) 1) 0.000 (1) (1) 0.000 (2) 0 0.000 (2) 0 0.000 0 1 0.081
A 66.6%  96.8% 66.6%  96.8% 66.6%  96.8% 100% 50%  100% 100%  97%
(=33 @ @Y @) (31) @ ey 0 (33) @ (31) (OO

*Significant ‘p” value; (p<0.05).
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Table3b. Co-occurrence of PMQR and beta-lactamase gene among V. parahaemolyticus isolates.
Beta- PMQR genes
lactamase
gene aac(6’)-Ib-cr qnrA qnrB qnrS
Present Absent p-value Present Absent p-value Present Absent p-value Present Absent p-value
=1 (=21 n=1 (=21 =1 (n=21) m=1 (=21
blarg,, P 100% *  4.7% 100% *  4.7% 100%* 4.7% 100% *  4.7%
m=2 (1) 1) 0.000 (1) ) 0.000 (1) Q) 0.000 (1) ) 0.000
A 95.2% 95.2% 95.2% 95.2%
(n=20) 0 (20) 0 (0) 0 (0) 0 (0)
blagey, P 100% * 4.7% 100% * 100% *
(n=1) (1) 0 0.000 0 (1) 0.000 (1) 0 0.000 (1) 0 0.000
A 100% * 100% *  95.2% 100% * 100% *
(m=21) 0 @1) ) (0) 0 1) 0 @1)
*Significant ‘p” value; (p<0.05).
Table 3c. Co-occurrence of PMQR and beta-lactamase gene among E. coli isolates.
Beta- PMQR genes
lactamase
gene anc(6’)-Ib-cr qnrA qnrB 0gxA
Present Absent p-value Present Absent p-value Present Absent p-value Present Absent p-value
n=1 (m=57) n=1) (n=57) n=1) (n=57) n=1 (m=57)
blagey, P 5.2%* 100% *  5.2% 100%*  3.5% 100% *  3.5%
n=3 0 3) 0.24 3) 3) 0.000 (1) ) 0.000 (1) ) 0.000
A 100% 94.7% 94.7% 96.4% 96.4%
(n=55 (1) (54) 0 (54) 0 (55) 0 (55)

*Significant ‘p’ value; (p<0.05).

resistance to ampicillin (100%) was most frequent
followed by resistance to cefoxitin (63.6%), cefotaxime
(45.4%) and gentamicin (45.4%). Several studies
reported similar trends of antibiotic resistance
against ampicillin and cefoxitin from seafood
(Sudha et al., 2012; Saifedden et al., 2016). More than
63% (14/22) of isolates were multi-drug resistant.
Mar index ranged from 0.16 to 0.75. High MAR
index values were reported among V. parahaemolyticus
from fish samples (Noorlis et al., 2011) and aquatic
ponds (Daramola et al., 2009). The MICs of nalidixic
acid for nalidixic acid-resistant V. parahaemolyticus
(n = 2) were ranged from 0.5-128 mg I''. MICs of
ciprofloxacin for ciprofloxacin-resistant
V. parahaemolyticus (n = 1) was 2 mg I"1. Nine percent
of V. parahaemolyticus were PMQR positive. Approxi-
mately 4.5% of V. parahaemolyticus isolates harbored
gnrA, qnrB, qnrS and aac(6’)-Ib-cr. qgepA and ogxA
were absent among V. parahaemolyticus isolates.
Although many studies have confirmed that the
presence of V. parahaemolyticus in seafood could be
a potential risk to consumers (Sudha et al., 2014; Yu

et al.,, 2016), there is no report on PMQR harboring
V. parahaemolyticus from seafood. The prevalence of
blayg,, and bla.,y ., was 9.09 and 5.54%, respec-
tively. blag,,, was absent in V. parahaemolyticus. Nine
percent of isolates showed co-occurrence of PMQR
and beta-lactamase genes. There was a statistically
significant positive association between aac (6')-1b-
cr and gnr genes with bla ., and bla;y ., (p<0.05)
(Table 3b).

Among E. coli isolates, 3.4% were resistant to
nalidixic acid. Only 27.5% of the E. coli isolates were
found to be resistant to ampicillin. Resistance to
trimethoprim, co-trimoxazole, streptomycin,
cefoxitin, tetracycline and gentamicin, were lower,
with percentages of 6.8, 5.1, 5.1, 3.4, 3.4 and 1.7%,
respectively. Similar trends of the low prevalence of
antibiotic resistance in E. coli from shellfish isolates
have been reported (Van et al., 2008; Baliere et al.,
2015). About 6.8% of isolates were multi-drug
resistant. Mar index ranged from 0.16 to 0.5. The
MICs of nalidixic acid for nalidixic acid-resistant
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E. coli strains (n = 2) were ranged from 0.25-128
mg I'l. More than 3% of E. coli isolates were PMQR
positive. The prevalence of PMQR genes such as aac
(6")-1b-cr, qnrA, qnrB, ogxA was low among E. coli
isolates with a percentage of 1.72%. gepA and qnrS
genes were absent among E. coli isolates. Jiang et al.
(2012) reported that gnrS and gnrB were dominant
PMQR genes among E. coli isolates from farmed fish.
Approximately 5.17% of E. coli isolates harbored
bla,,, gene. bla,,, , is a plasmid encoding ampicil-
lin-resistant gene. Several studies reported the
presence of blay,,, gene in ampicillin-resistant
isolates (Brinas et al., 2002; Henriques et al., 2006;
Zou et al., 2011). None of the E. coli isolates harbored
blag,,and bla- y ,,,. About 1.72% E. coli showed co-
occurrence of PMQR and beta-lactamase genes.
There was a statistically significant positive associa-
tion between aac(6’)-Ib-cr, qnrA, qnrB, ogxA genes
with bla,, (p<0.05) (Table 3c).

This study, for the first time, identified the PMQR
and beta-lactamase genes among major food-borne
pathogens such as Salmonella, V. parahaemolyticus,
and E. coli from shellfish, which may reduce the
effectiveness of treatments. Food safety is a matter
of concern in developing countries like India. There
are no strict regulatory control measures for the
proper management of shellfish growing and
harvesting water environments in India. The results
highlighted the fact that PMQR and beta-lactamase
genes harboring bacteria may disseminate via the
food chain and becomes a major threat to consum-
ers. This study underlines the need for further
studies on the risk associated with the consumption
of contaminated shellfish.

Acknowledgments

The authors are thankful to the Head, Dept. of Marine
Biology, Microbiology and Biochemistry, Cochin Univer-
sity of Science and Technology for providing the facilities.

Reference

Aldred, KJ., Kerns, R.J. and Osheroff, N. (2014)
Mechanism of quinolone action and resistance.
Biochemistry. 53: 1565-1574

Andrews, J. M. (2001) Determination of minimum
inhibitory concentrations. J. Antimicrob. Chemother.
48: 5-16

Azargun, R., Hossein, M., Barhaghi, S., Kafil, H. S,
Oskouee, M. A., Sadeghi, V., Memar, M. Y. and
Ghotaslou, R. (2019) The frequency of DNA gyrase
and topoisomerase IV mutations, and plasmid-

mediated quinolone resistance genes among Escheri-
chia coli and Klebsiella pneumoniae isolated from urinary
tract infections in Azerbaijan, Iran. J. Glob. Antimicrob.
Resist. 17: 39-43

Baliere, C., Rince, A., Blanco, J., Dahbi, G., Harel, ]J.,
Vogeleer, P, Giard, J.C., Mariani-Kurkdjian, P. and
Gourmelon, M. (2015) Prevalence and Characteriza-
tion of Shiga Toxin-Producing and Enteropathogenic
Escherichia coli in Shellfish-Harvesting Areas and Their
Watersheds. Front. Microbiol. 6: 1356

Basu, S. and Mukherjee, M. (2018) Incidence and risk of
co-transmission of plasmid-mediated quinolone resis-
tance and extended-spectrum &-lactamase genes in
fluoroquinolone-resistant uropathogenic Escherichia
coli: a first study from Kolkata, India. ]. Glob.
Antimicrob. Resist. 14: 217-223

Bauer, AW., Kirby, W. M. M., Skerris, J. C. and Turck,
M. (1966) Antibiotic susceptibility testing by a
standardized single diffusion method. Am. J. Clin.
Pathol. 4: 493-496

Benaicha, H., Barrijal, S., Ezzakkioui, F. and Elmalki, F.
(2017). Prevalence of PMQR genes in E . coli and
Klebsiella spp. isolated from North-West of Morocco.
J. Glob. Antimicrob. Resist. 10: 321-325

Brinas, L., Zarazaga, M., Saenz, Y., Torres, C., Brin, L.,
Sa, Y. and Ruiz-larrea, F. (2002) Escherichia coli isolates
from foods, humans and healthy animals beta-
lactamases in ampicillin-resistant Escherichia coli iso-
lates from foods, humans, and healthy animals.
Antimicrob. Agents Chemother. 46(10): 3156-3163

Campos, J., Mourao, J., Silveira, L. and Saraiva, M. (2018)
Imported poultry meat as a source of extended-spec-
trum cephalosporin-resistant CMY-2-producing Salmo-
nella Heidelberg and Salmonella Minnesota in the Euro-
pean Union, 2014 - 2015. Int. . Antimicrob. Agents. 51:
151-154

Casas, T. R. M., Henrique, C. and Barrosa, F. (2016)
Presence of plasmid-mediated quinolone resistance
determinants and mutations in gyrase and
topoisomerase in Salmonella enterica isolates with
resistance and reduced susceptibility to cipro fl
oxacin. Diagn. Microbiol. Infect. Dis. 85: 85-89

Cattoir, V., Poirel, L. Rotimi, V., Soussy, C. J. and
Nordmann, P. (2007) Multiplex PCR for detection of
plasmid-mediated quinolone resistance qnr genes in
ESBL-producing enterobacterial isolates. J. Antimicrob.
Chemother. 60: 394-397

CDC (1993) Isolation of Vibrio cholerae O1 from oysters—
Mobile Bay, 1991-1992. MMWR. Morb. Mortal. Wkly.
Rep. 42: 91

CLSI (2012) Performance standards for antimicrobial
susceptibility testing. Twenty-second informational
supplement. CLSI document M100-S22. Wayne, PA:
Clinical and Laboratory Standards Institute

© 2020 Society of Fisheries Technologists (India) Fishery Technology 57 : 41-50



Divya, Chandradasan, Pranav, Antony and Hatha

CLSI (2010) Methods for antimicrobial dilution and disk
susceptibility testing of infrequently isolated or
fastidious bacteria; Approved Guideline, 2nd edn.,
CLSI document M45-A2. Wayne, PA: Clinical and
Laboratory Standards Institute

CLSI (2006) Performance standards for antimicrobial
susceptibility testing. Seventeenth Informational
Supplement, M100-S17. Wayne, PA: Clinical and
Laboratory Standards Institute

Dallenne, C., da Costa, A., Decré, D., Favier, C. and Arlet,
G. (2010) Development of a set of multiplex PCR
assays for the detection of genes encoding important
B-lactamases in Enterobacteriaceae. J. Antimicrob.
Chemother. 65: 490-495

Daramola, B.A., Williams, R., Dixon, R. A. and others
(2009) In vitro antibiotic susceptibility of Vibrio
parahaemolyticus from environmental sources in north-
ern England. Int. J. Antimicrob. Agents 34: 499-500

Ferreira, J., Penha Filho, R.A.C., Kuaye, A.PY., Andrade,
L.N., Berchieri Junior, A. and Darini, A.L. da C. (2018)
Identification and characterization of plasmid-medi-
ated quinolone resistance determinants in Enterobac-
teriaceae isolated from healthy poultry in Brazil.
Infect. Genet. Evol. 60: 66-70

Guérin, P, de Jong, B. Heirr, E., Hasseltvedt, V.,
Kapperud, G., Styrmo, K., Gondrosen, B., Lassen, J.,
Andersson, Y. and Aavitsland, P. (2017) Outbreak of
Salmonella livingstone infection in Norway and Sweden
due to contaminated fish products. Wkly. Releases 5:
889-895

Henriques, I. S., Fonseca, F., Alves, A., Saavedra, M. J. and
Correia, A. (2006) Occurrence and diversity of
integrons and B-lactamase genes among ampicillin-
resistant isolates from estuarine waters. Res. Microbiol.
157(10): 938-947

Hongping, W., Jilun, Z., Ting, ]J., Yixi, B. and Xiaoming, Z.
(2011) Insufficiency of the Kanagawa hemolytic test for
detecting pathogenic Vibrio parahaemolyticus in Shang-
hai, China. Diagn. Microbiol. Infect. Dis. 69: 7-11

Hopkins, K.L., Davies, RH. and Threlfall, E.J. (2005)
Mechanisms of quinolone resistance in Escherichia coli
and Salmonella: Recent developments. Int. . Antimicrob.
Agents 25: 358-373

Hu, Y., He, Y., Wang, Y., Fanning, S., Cui, S., Chen, Q.
Liu, G., Chen, Q., Zhou, G. and Yang, B. (2017) Serovar
diversity and antimicrobial resistance of non-ty-
phoidal = Salmonella enterica recovered from retail
chicken carcasses for sale in different regions of
China. Food Control 81: 46-54

Jiang, H. X, Tang, D., Liu, Y. H., Zhang, X. H., Zeng, Z.
L., Xu, L. and Hawkey, P. M. (2012) Prevalence and
characteristics of B-lactamase and plasmid-mediated
quinolone resistance genes in Escherichia coli isolated

48

from farmed fish in China. J. Antimicrob. Chemother.
67: 2350-2353

Kang, C.H., Shin, Y.J., Yu, H.S, Kim, S. K. and So, J. S.
(2018) Antibiotic and heavy-metal resistance of Vibrio
parahaemolyticus isolated from oysters in Korea. Mar.
Pollut. Bull. 135: 69-74

Kim, K. Y., Park, J. H., Kwak, H. S. and Woo, G. J. (2011)
Characterization of the quinolone resistance mecha-
nism in foodborne Salmonella isolates with high
nalidixic acid resistance. Int. J. Food Microbiol. 146:
52-56

Kuang, D., Zhang, J., Xu, X., Shi, W., Chen, S., Yang, X.,
Su, X., Shi, X. and Meng, J. (2018) Emerging high-level
ciprofloxacin resistance and molecular basis of resis-
tance in Salmonella enterica from humans, food and
animals. Int. J. Food Microbiol. 280: 1-9

Luk-in, S., Chatsuwan, T., Pulsrikarn, C., Bangtrakulnonth,
A, Rirerm, U. and Kulwichit, W. (2018) High
prevalence of ceftriaxone resistance among invasive
Salmonella enterica serotype Choleraesuis isolates in
Thailand: The emergence and increase of CTX-M-55
in ciprofloxacin-resistant S. Choleraesuis isolates. Int.
J. Med. Microbiol. 308: 447-453

Ma, Y, Li, M., Xu, X,, Fu, Y., Xiong, Z., Zhang, L., Qu,
X., Zhang, H., Wei, Y. and Zhan, Z. (2018) High-levels
of resistance to quinolone and cephalosporin antibi-
otics in MDR-ACSSuT Salmonella enterica serovar
Enteritidis mainly isolated from patients and foods in
Shanghai, China. Int. J. Food Microbiol. 286: 190-196

Martinez-Martinez, L., Pascual, A. and Jacoby, G. A.
(1998) Quinolone resistance from a transferable
plasmid. Lancet. 351: 797-799

Mirzaii, M., Jamshidi, S., Zamanzadeh, M., Marashifard,
M., Darban-sarokhalil, D. and Sajjad, S. (2018)
Determination of gyrA and parC mutations and
prevalence of plasmid-mediated quinolone resistance
genes in Escherichia coli and Klebsiella pneumoniae
isolated from patients with urinary tract infection in
Iran. J. Glob. Antimicrob. Resist. 13: 197-200

Murray, A., Mather, H., Coia, J. E. and Brown, D. J. (2008)
Plasmid-mediated quinolone resistance in nalidixic-
acid-susceptible strains of Salmonella enterica isolated
in Scotland. ]J. Antimicrob. Chemother. 1153-1155

Ni, Q., Tian, Y., Zhang, L., Jiang, C., Dong, D., Li, Z., Mao,
E. and Peng, Y. (2016) Prevalence and quinolone
resistance of fecal carriage of extended-spectrum a-
lactamase-producing Escherichia coli in 6 communities
and 2 physical examination center populations in
Shanghai, China. Diagn. Microbiol. Infect. Dis. 86:
428-433

Niero, G., Bortolaia, V., Vanni, M., Intorre, L., Guardabassi,
L. and Piccirillo, A. (2018) High diversity of genes and
plasmids encoding resistance to third-generation

© 2020 Society of Fisheries Technologists (India) Fishery Technology 57 : 41-50



Prevalence of PMQR and Beta-lactamase Genes among Food Borne Pathogens 49

cephalosporins and quinolones in clinical Escherichia
coli from commercial poultry flocks in Italy. Vet.
Microbiol. 216: 93-98

Noorlis, A., Ghazali, F. M., Cheah, Y. K., Tuan Zainazor,
T. C., Wong, W. C.,, Tunung, R., Pui, C. F., Nishibuchi,
M., Nakaguchi, Y. and Son, R. (2011) Antibiotic
resistance and biosafety of Vibrio cholerae and Vibrio
parahaemolyticus from freshwater ish at retail level. Int.
Food Res. J. 18 p

Nsikan, S., Otobong, D. and Iniobong, 1. (2019) Multi-
drug resistant and plasmid-mediated quinolone-
resistant Salmonella enterica isolated from Shellfish in
Iko Creek, Nigeria. J. Adv. Microbiol. 14: 1-8

Rodriguez-Martinez, J. M., Machuca, J.,, Cano, M. E.,
Calvo, J., Martinez-Martinez, L. and Pascual, A. (2016)
Plasmid-mediated quinolone resistance: Two decades
on. Drug Resist. Updat. 29: 13-29

Ripabelli, G., Sammarco, M.L., Grasso, G. M., Fanelli, I.,
Caprioli, A. and Luzzi, I. (1999) Occurrence of Vibrio
and other pathogenic bacteria in Mytilus galloprovincialis
(mussels) harvested from Adriatic Sea, Italy. Int. J.
Food Microbiol. 49: 43-48

Ruiz, J., Pons, M. J. and Gomes, C. (2012) Transferable
mechanisms of quinolone resistance. Int. J. Antimicrob.
Agents. 40: 196-203

Saifedden, G., Farinazleen, G., Nor-Khaizura, A., Kayali,
A., Nakaguchi, Y., Nishibuchi, M. and Son, R. (2016)
Antibiotic = Susceptibility profile of Vibrio
parahaemolyticus isolated from shrimp in Selangor,
Malaysia. Int. Food Res. J. 23: 2732-2736

Sambrook, J. and Russell, D.W. (2006) Preparation of
plasmid DNA by alkaline lysis with SDS:
minipreparation. Cold Spring Harb. Protoc. pdb—prot
4084

Silva, I.P, Carneiro, C.D.S., Saraiva, M.A.F., Oliveira,
T.A.S. de, Sousa, O.V. de and Evangelista-Barreto, N.S.
(2018) Antimicrobial resistance and potential viru-
lence of Vibrio parahaemolyticus isolated from water
and bivalve mollusks from Bahia, Brazil. Mar. Pollut.
Bull. 131: 757-762

Sterzenbach, T., Crawford, R. W., Winter, S. E. and
Baumler, A.]. (2013) Salmonella virulence mechanisms
and their genetic basis. In: Salmonella in Domestic
Animals (Barrow, P. A. and Methner, Eds.) (CABI
Publishing Wallingford, UK). pp 80-103

Strahilevitz, J., Jacoby, G. A., Hooper, D. C. and Robicsek,
A. (2009) Plasmid-mediated quinolone resistance: A
multifaceted threat. Clin. Microbiol. Rev. 22: 664-689

Su, L.H., Chiu, CH., Chu, C, and Ou, J. T. (2004)
Antimicrobial resistance in nontyphoid Salmonella
serotypes: a global challenge. Clin. Infect. Dis. 39:
546-551

Sudha, S., Divya, P. S, Bini, F. and Hatha, A. A. (2012)
Prevalence and distribution of Vibrio parahaemolyticus in
finfish from Cochin (south India ). Vet. Ital. 48: 269-282

Sudha, S., Mridula, C., Silvester, R. and Hatha, A.A.M.
(2014) Prevalence and antibiotic resistance of patho-
genic Vibrios in shellfishes from Cochin market.
Indian J. Geo-Marine Sci. 43: 815-824

Tansawai, U., Sanguansermsri, D., Na-udom, A., Walsh,
T.R. and Niumsup, P.R. (2018) Occurrence of extended
spectrum b-lactamase and AmpC genes among
multidrug-resistant Escherichia coli and emergence of
ST131 from poultry meat in Thailand. Food Control
84: 159-164

Tran, J. H. and Jacoby, G. A. (2002) Mechanism of
plasmid-mediated quinolone resistance. Proc. Natl.
Acad. Sci. USA 99: 5638-5642

Van, T.T.H., Chin, J., Chapman, T, Tran, L.T. and Coloe,
PJ. (2008) Safety of raw meat and shellfish in Vietnam:
An analysis of Escherichia coli isolations for antibiotic
resistance and virulence genes. Int. J. Food Microbiol.
124: 217-223

Vinue, L., Corcoran, M. A., Hooper, D. C. and Jacoby, G.
A. (2016) Mutations that enhance the ciprofloxacin
resistance of Escherichia coli with gnrAl. Antimicrob.
Agents Chemother. 60(3): 1537-1545

WHO (2017) Critically important antimicrobials for
human medicine 5" revision. World Health Organiza-
tion, Geneva, Switzerland. http://who.int/foodsafety/
publications/ antimicrobials-fifth/en/. (accessed 2
9.09.19)

Xiong, X., Bromley, E. H. C., Oelschlaeger, P., Woolfson,
D. N. and Spencer, J. (2011) Structural insights into
quinolone antibiotic resistance mediated by pentapep-
tide repeat proteins: Conserved surface loops direct
the activity of a Qnr protein from a Gram-negative
bacterium. Nucleic Acids Res. 39: 3917-3927

Yan, L., Liu, D., Wang, X, Wang, Y., Zhang, B.,, Wang,
M. and Xu, H. (2017) Bacterial plasmid-mediated
quinolone resistance genes in aquatic environments in
China. Nat. Publ. Gr. 1-12

Yano, Y., Hamano, K., Satomi, M., Tsutsui, I., Ban, M. and
Aue-Umneoy, D. (2014) Prevalence and antimicrobial
susceptibility of Vibrio species related to food safety
isolated from shrimp cultured at inland ponds in
Thailand. Food Control. 38: 30-36

Yoon, K.S., Min, K., Jung, Y.J.,, Kwon, K.Y,, Lee, J.K. and
Oh, S.W. (2008) A model of the effect of temperature
on the growth of pathogenic and nonpathogenic Vibrio
parahaemolyticus isolated from oysters in Korea. Food
Microbiol. 25: 635-641

Yu, Q., Niu, M., Yu, M., Liu, Y., Wang, D. and Shi, X.
(2016) Prevalence and antimicrobial susceptibility of

© 2020 Society of Fisheries Technologists (India) Fishery Technology 57 : 41-50



Divya, Chandradasan, Pranav, Antony and Hatha 50

Vibrio parahaemolyticus isolated from retail shell fish in Zou, L. K, Wang, H. N,, Zeng, B., Zhang, A. Y, Li, ]. N,,
Shanghai. Food Control. 60: 263-268 Li, X. T, Tian, G. B., Wei, K., Zhou, Y. S., Xu, C. W.
Zhang, J., Yang, X., Kuang, D., Shi, X., Xiao, W., Zhang a}r:d Yang, Z. R. f§20111 ) Phenotypic and gIe<rll(;typl;C
Y g LT Co .o characterization of/ B-lactam resistance in Klebsiella

J. and Gu, Z. (2015) Prevalence of antimicrobial

resistance of non-typhoidal Salmonella serovars in ;;ZSz(ani Z’;}ai?,gl_s&lgted from swine. Vet.  Microbiol.
retail aquaculture products. Int. J. Food Microbiol. 210: '
47-52

© 2020 Society of Fisheries Technologists (India) Fishery Technology 57 : 41-50




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


