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30 Abstract

31  Pseudomonas aeruginosa (P. aeruginosa) produces a suite of virulence factors that are coordinated
32 by Quorum Sensing (QS) contributing to its disease-causing ability in aquaculture. The present
33 study is first of its kind to obtain information regarding the presence and distribution of five QS
34 genes, three virulence genes viz: lasl, lasR, rhll, rhIR, rhlAB, toxA, aprA and plcH and seven of
35 the Extended-spectrum Blactamases (blaVEB, blaPER, blaTEM,, blaSHV, blaCTX-M1, blaCTX-
36 M2 and blaCTX-M3) of Pseudomonas species isolated from fish meat by direct PCR. Bacterial
37 identification was based mainly on conventional biochemical techniques using the Vitek 2,
38  automated system. Phenotypic sensitivity of antibiotics was established by the agar disc diffusion
39 technique through 16 various antimicrobial drugs. Quantification of their in vitro production of
40  numerous virulence genes outside the cell that are QS dependent namely, pyocyanin, elastase,
41  alkaline protease, biofilm and cytotoxicity of Vero cell was as well executed. Fifteen genes
42  demonstrated an enormous variety in their association. The total number of Pseudomonas species
43  isolates were 30/100 to be identified by the APl 20NE system as P. aeruginosa 12/30 (40%), P.
44 fluorescens 8/30 (27%), P. putida 6/30 (20%) and P. alkylphenolia 4/30 (13%). The outcomes of
45 this study have great significance for the strategic designation of QS quenching.

46

47  Keywords: Nile tilapia; pseudomonas; antibiotic resistance; biofilm formation, virulence genes
48

49 1. Introduction

50 Tilapia was named firstly by the Scottish zoologist Andrew Smith in 1840 [1]. Recently, it’s a
51  public name used to numerous species and genera of fish previously recognized as Tilapia in the

52  family Cichlidae [2]. Numerous species of Tilapia were separated into three genera, Oreochromis,
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53  Sarotherodon and the rest stayed as Tilapia but subsequently separated into their own genera based
54  on the reclassification carried out by Trewavas [3]. Although, the change in their specific
55  taxonomy, individual species are remain mostly named as Tilapia. The data delivered by Froese
56  and Pauly [4] on the Nile tilapia as Oreochromis niloticus (O. niloticus), differentiated it from
57  other subspecies.

58 Nile tilapia is a perch like freshwater fish of a family (Cichlidae) that is widely distributed in
59 tropical countries. Cichlids provide a valuable source of food in some areas, and many are popular
60 in aquariums [3,4]. Approximately 50 countries except Antarctica raises the Nile tilapia for
61  agricultural purposes [5] and recently is distributed worldwide.

62 In ancient Egypt, the Nile perch (a large predatory fish found in lakes and rivers in northeastern
63  and central Africa, widely caught for food or sport) and tilapia were very dominant symbols. The
64 name of the tilapia in Latin is thiape and in Tswana is panto (Niger-Congo languages) [6]. The
65 ancient Egyptians named the tilapia "in.t" and had its own symbol (Gardiner k1 in the list). In

66  China, tilapia is recognized as loufei & JE £ since the Nile was named "niLOU" and Africa

67 "FElzhou" = LOUFEI. In several olden poetries, tilapia was not related only to sun-up and the
68 light blue of turquoise, but also to the heart for the reason that of its attractive red shines. Tilapia
69  powerfully symbolized the fertility and life of the sun and was also connected with defense as the
70  female protected her young during danger by putting them in her mouth. The tilapia also cleans
71  the lotus stem from germs and it looks like a lotus flower and stem emerges from her mouth.
72 Otherwise, the Nile perch (Lates niloticus), was connected with the darkness and lazurite (a bright
73 blue metamorphic rock). The Lates niloticus is a large predatory fish found in lakes and rivers in
74  northeastern and central Africa, widely caught for food or sport and was recognized in Nilotic Luo

75  languages as Mbuta. So it’s not surprising that that the two fish are represented by the solar boat
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76  because one represents the dark night and the other the bright day
77  (https://www.gigalresearch.com/uk/article-201301.php). Tilapia was a symbol of the Renaissance
78 in ancient Egyptian art and was also linked to Hathor (a sky goddess). It was as well believed to
79  defend the sun god on his day-to-day journey through the heavens [7].

80 O. niloticus [10], O. aureu [11] and O. mossambicus [12] are considered the most three popular
81 fished and eaten species of Nile Tilapia. Nevertheless, O. niloticus, the commonly recognized as
82  Nile Tilapia, can be traced back 4 thousand years to Olden Egypt yet. In America, the popularity
83  of Tilapia has raised in the last two decades to become the 4" most commonly consumed seafood
84  after shrimp, salmon and tuna. Generally, Food and Agriculture Organization (FAO) in the United
85  States stated that tilapias represent the second-most imperative cultured finfish next to the
86  cyprinids in many parts of the world and commonly cultured by several smallholders. Nile tilapia
87  (O. niloticus) occupies sixth place among cultured species, where it provides food and jobs, as
88  well as local export incomes. According to statistics 2015, about 5.6 million tons, is the outcome
89  of the Egyptian domestic production of fish Tilapia, consequently, Egypt ranks the third place in
90 the world with a productivity rate of 875,000 tons. Through the 2013 FAQ reports, which included
91 import, export and production as well as re-export, the total production rate of Tilapia was 1.2
92  million tons at 3.7 billion US $.

93 Aquaculture of the Nile tilapia dates to Ancient Egypt, where Egypt produced a significant
94  amount representing about 13.8 percent of the world's farmed fish at that time. Recently, there are
95  several major projects in Egypt, the most important of which was the project that was established
96 on Birkat Ghalioun in the region of Nile Delta and another giant project alongside the Canal zone
97  was also established. Aquaculture is a new industry in the East and North Africa region, but the

98 situation is different in Egypt as it has been farmed since the 14" century before Christ [14]. and


https://www.gigalresearch.com/uk/article-201301.php
http://www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

99  has been recognized in Arab Republic of Egypt from the starting point of written history; tomb
100 friezes date back to 2500 before Christ and demonstrate the production of tilapia from pools [13].
101  Egypt and Iran are considered the largest two countries controlling fish production in the region,
102  with a contribution rate reached to about 95% (74% and 21% in 2014, respectively).

103 Aquaculture is one of the most vulnerable sectors of the various epidemic diseases, taking into
104  account that the best use of veterinary antibiotics has a great impact in the treatment of chronic
105  diseases that lead to low growth rates and lack of food conversion rate as well as help in the fight
106  against epidemic diseases that cause high mortality rates [15]. Alternatively, the poor usage of
107  antimicrobials in fish farming has led to major problems, the most important of which is the
108  establishment of antibiotic resistance [16]. Fisheries impact on the food safety and community
109 health can be cooperated once food protection is not fully understood rolled during the aquaculture
110  supply chains [17]. More than 50% of fish production is dependent on aquaculture, taking into
111  consideration that food safety and public health problems are limited in this sector [17].
112 Misapplication of antibiotics worldwide is well-known as the corner stone of the development and
113  spread of antimicrobial resistance (AMR) [18-20]. At present, AMR causes 700,000 deaths
114 worldwide every year, and by 2050, the number of deaths could reach 10 million [21]. FAO, the
115  World Health Organization (WHO) and the World Organization for Animal Health (OIE) are
116  currently developing the best strategies to address the risk of antibiotic resistance worldwide [22].
117  Inrecent times, the Codex Alimentarius Commission has developed recommendations on how to
118  get rid of farm residues as well as taking into account the recommendations made by the Risk
119  Management Department for Veterinary Drug Residues. Two hundred and eleven species and 18
120  subspecies of the genus Pseudomonas were included in the Prokaryotic Name’s list with Standing

121 in Terminology at January 2014 (http://www.bacterio.net/pseudomonas.html). Pseudomonas
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122  aeruginosa is one of the 10 most dangerous malignant strains in the world as it causes major health
123 problems for both humans and animals [24]. P. aeruginosa is a bacterium of great clinical
124  importance with a negative effect on patients suffering from cystic fibrosis, dangerous burns and
125  immunodeficiency as well as patients with inserted medical devices. Generally, P. aeruginosa has
126  the aptitude for biofilm formation on the medical exteriors, leading to hospitalized illnesses. P.
127  aeruginosa has developed tolerance to the majority of antimicrobial drugs and is today considered
128 an important bacterium on the Centers for Disease Control and Prevention (CDC) ESKAPE
129  bacterial list [25]. A high threat of plant-animal-human transfer of antibiotic resistant
130  Pseudomonas species is seems likely to occur in all surroundings.

131 Several virulence factors can be produced by P. aeruginosa which are matched by a cell density
132 monitoring mechanism named Quorum Sensing (QS) [26] and that provide significantly to their
133  aptitude for disease induction. QS not only controls virulence factors produced by P. aeruginosa,
134  butalso in the formation of biofilms [27]. It is widely confirmed that QS systems are highly capable
135  of regulating the virulence of microorganisms in the majority of fish farms [28]. It has recently
136  emerged that QS molecules can be found in different foods as in fish produced by certain members
137  of the bacterial association [29]. There are two QS systems named las and rhl in P. aeruginosa
138  [30]. At high cell density, LasR and RhIR, which are associates of the big family of LuxR-type
139  proteins, bind their cognate Als, dimerize, bind DNA, and stimulate expression of genes coding
140  roles needed for pathogenicity and formation of biofilms along with additional methods not
141  included in food-related pathogenesis such as its major role in food contamination appearing as
142  slime at their surfaces [30-37]. As QS has been stated to be compulsory for formation of biofilms
143  and in the pathogenicity of P. aeruginosa, the outcomes of this effort have unlimited significance

144 and crucial for the strategic plan for prevention and control of biofilms [38].
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145 The virulence genes of antibiotic resistant have been found in P. aeruginosa isolated from fish
146  [39-42]. Consequently, fish represent one of major aquatic reservoirs of developed macrolide
147  tolerance genes in the surrounding water environment. On the other hand, the existence of AMR
148 in the other species of Pseudomonas, isolated from fish which could act as vectors has not been
149  studied thoroughly [43]. Although, some information is available regarding the frequency of
150  Multidrug-Resistant (MDR) Pseudomonas infections in Egypt, our motivation was to provide
151  starting point data for additional studies into the determination of prevalence, antibiotic resistance,
152  virulence and QS pheno- and genotypic traits in Nile tilapia, to show the potential public health

153  concerns

154

155 2. Materials and Methods
156

157  2.1. Fish sampling

158 A total of 100 Nile tilapia (Oreochromis niloticus) were purchased as recently dead, ready to
159  cook, from different supermarkets in Giza during the year 2017. After samples collection, the fish
160  were sited in stretched polystyrene fish boxes, enclosed with a plastic film and then transferred
161  and keep cold in the laboratory and finally handled for bacteriological examination through 2-3 h
162  for detection of Pseudomonas spp. All samples were processed in the Department of Microbiology,
163  Faculty of Veterinary Medicine, Cairo University, Egypt.

164

165  2.2. Isolation and phenotypic analysis of Pseudomonas spp.

166 The swabs collected from the fish matrix (e.g. kidney, liver, spleen, ascitic fluid and brain)
167  were inoculated directly onto Columbia Blood Agar (CBA) with 5% defibrinated sheep blood

168 (Oxoid Ltd., England) plates and incubated at 30<C for 18-24 h in CO; incubator (5%). P.
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169 aeruginosa was identified by microscopic morphology, catalase, oxidase and urease activity,
170  casein and starch hydrolysis, citrate and indole utilization, and methyl red—\VVoges—Proskauer and
171  gelatin liquefaction tests, using standard microbial techniques. Growth with or without the
172  production of pigment was determined on various growth media, such as Mueller—Hinton Il agar,
173 Pseudomonas F medium (King B medium; fluorescein or pyoverdin, a green/yellow pigment) or
174  Pseudomonas P medium (King A medium; pyocyanin, a blue/green pigment) at 37°C. In the
175  absence of visible pigment, colonies were examined using UV illumination [119]. P. aeruginosa
176  was further grown on cetrimide (Difco) isolation agar and tryptic soy agar (TSA), and streaked on
177  Mueller—Hinton agar to assess purity at 37°C for 18 h. Species identifications were done by the
178  Vitek automated identification system using the APl 20NE strips (BioMé&ieux) as stated by the
179  manufacturer’s guidelines. The API database was used for detection of various Pseudomonas
180  species.

181

182  2.3. Phenotypic potential virulence markers

183  2.3.1 Hemolytic activity.

184 To assess the haemolysin produced by Pseudomonads [120], three Pseudomonas strains: P.
185  aeruginosa RRALCS3, P. aeruginosa PA14 (ATCC 15442) and P. aeruginosa PAO1(ATCC 15692)
186  were inoculated on CBA plates. The plates were incubated for three successive days and then
187  examined for the presence of obvious, brown tinged with green and no-zone which is a sign of
188  partial (o), complete (B) and no (¥) hemolysis, correspondingly.

189

190 2.3.2. Elastin Congo red test
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191  Elastin Congo red (Sigma-Aldrich, USA) was used to determine the elastolytic activity of the
192  culture supernatants based on the method designated by Caballero et al. [121].

193

194  2.3.3. Alkaline protease assay

195 The activity of alkaline protease was measured according to the method considered by Howe

196  and Iglewski [122]. Briefly, 0.7 ml of the buffer (20 mM Tris-HCI, 1 mM CacCl,, pH 8) and 0.3 ml
197  of the enzyme-containing fraction were added to 10 mg of the Hide powder azure substrate

198  ((Sigma-Aldrich, USA). The reaction mix (1 ml) was hatched for one hour at 37 °C with continuous
199 rotation. Substrate which not dissolved was discarded by centrifugation at 4,000g for 5 min.
200  Afterword, the absorbance of the reaction mix was detected at ODsgs nm.

201

202  2.3.4. Pyocyanin quantitative analysis

203 The quantification of pyocyanin is mainly depended upon the absorbance rate of liberated
204  pyocyanin at 520 nm in acidic solution [123]. From a stationary-phase culture (~16 h) in LB broth,
205 5 ml supernatant was mixed with 3 ml of chloroform. From the chloroform phase, the pyocyanin
206  was then extracted into 1 ml of 0.2 N HCI, which gives it dark red color, representing the existence
207  of pyocyanin and the optical density at 520 nm (ODs20) was then determined.

208

209  2.3.5. Vero ingestion assay

210 Vero cells (African green monkey kidney) were purchased from the American Type Culture
211  Collection (ATCC) (Manassas, VA) and cultured in Dulbecco’s minimum essential medium
212  (DMEM) containing 10% heat-inactivated fetal bovine serum (FBS), per ATCC procedures. Based

213  to the methods described formerly [124], bacterial adhesion and invasion were identified. After
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214  washing the monolayer, 100 ul of the bacterial suspensions (1 x 108 cfu/mL) were added, to the
215  wells of a microplate. After 1 h of incubation in 5% CO> at 37 <C, the inoculum was discarded and
216  then washing of Vero cells with PBS were carried out for 3 times to eliminate non-associated
217  microorganisms. Lysis solution (0.025% trypsin and 1% Tween 20 in PBS) was added to the Vero
218  cells and incubated for 30 min at 37 <C, and the colony counting method was used to detect the
219  total number of allied bacteria (adherent and invaded). Invasion was then quantified via gentamicin
220  protection (invasion) assay as described above with the exception of after one hour of incubation
221  and before adding of the lysis solution, the infected monolayer was treated with 300 pg/ml of
222  gentamicin solution for 1 h for killing the extracellular bacteria. Calculation of the adherent
223  bacteria was carried out by the variance between the whole number of associated and invaded
224 Dbacteria.

225

226  2.3.6. Biofilm formation

227 Both qualitative and quantitative methods for detecting biofilm formation were applied to
228  discriminate between the tendency of isolate surfaces attachment and biofilm production. The
229  Congo red dye assay was used for quantification of biofilm formation, whereas; the tube method
230  was used for the qualitative investigation of attachment to glass surfaces and subsequence biofilm
231  formation throughout disturbance and fluid flow, and the quantitative analysis of attachment and
232  biofilm formation on plastic surfaces throughout static circumstances were also detected by the
233 microtiter plate method.

234

235  2.3.7. Congo red (CR) dye uptake
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236 The capability of taking up Congo red dye was detected by 50 mg/ml of Congo red dye on the
237  agar plates [125]. Of each bacterial suspension, 5 | were speckled onto the plates, and then
238  incubated for 24 h. The isolates which showed biofilm formation were seen as black colonies with
239  crystalline texture, while colonies that appeared as red color were described as unproductive or
240  medium-productive biofilm isolates.

241

242  2.3.8. Static Biofilm studies (Microtiter plate assay (MTP))

243 According to the standards of Stephanovic et al. [126], PAO1 and P. aeruginosa with strong
244 ability of biofilm formation were used as a reference strain. Fresh isolates were diluted in 5ml of
245  tryptic soy broth (TSB) (Oxoid, UK) supported with 0.5% w/v NaCl and incubated at 37°C to an
246  optical density of 0.8 at 620nm. The cultures were diluted 1:40 with fresh TSB/NaCl and 150ul
247  was added to each well of microtitre plate. All microtitre plates were closed with parafilm and
248  incubated at 37°C for 48h. Treatment was with active HDPs in TSB for 24h or dH20 as a positive
249  control. Biofilm staining was with crystal violet (CV). Concisely, after washing three times with
250 dH20, CV was applied to the biofilms for 15min and removed, biofilms were washed three times
251  with dH20, and the remaining CV solubilized with 30% v/v acetic acid. The Ag2onm Was detected
252  viaa plate reader (LabSystems Multiskan). The mean ODs20nm Value of positive control was used
253  as standard throughout scoring of biofilm production. Those values >0.2 were deliberated as great
254 producers of biofilm whereas; values <0.081 were classified into none or low producers of biofilm.
255  ODs20nm Vvalues higher than the standard but within 0.081 and 0.2 were considered as moderate
256  producers of biofilm. Each analysis was done for three consecutive times to confirm the results.
257  The amount of biofilm production was detected by using the formula: BF = AB/CW, where BF is

258  the biofilm formation, AB is the ODs20nm Of stained attached bacteria and CW is the ODe20nm Of
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259  stained control wells containing bacteria-free medium only (unspecific or abiotic factors). Sixteen
260  wells per each strain were examined for each analysis, and the analyses were carried out in
261 triplicate, which resulted in 48 wells per each examined strain and control.

262  2.4. Antimicrobial susceptibility testing and screening for ESBLS

263  2.4.1. Phenotypic antimicrobial sensitivity testing of the Pseudomonas spp. isolates

264 The sensitivity of Pseudomonas spp. to various antimicrobial drugs was achieved by the
265  Kirby—Bauer test according to the Clinical and Laboratory Standards Institute (CLSI) guidelines
266  [127]. The antimicrobials utilized for the sensitivity testing are deliberated by the WHO (Table 1)
267  [128]. The upcoming antibiotic discs carefully chosen for examination are the most prescribed and
268  frequently used in Egypt and were selected for testing consistent with their significance to human
269  and animal health [129,130] and on the WHO’s critically significant antibiotic list [131]. All
270  bacterial isolates were examined against 16 antimicrobial drugs: Ampicillin (10p), Amikacin (30p),
271  Aztreonam (30p), Chloramphenicol (30 p), Cefotaxime (30p), Ceftazidime (30p), Ceftriaxone
272  (30p), Cephalothin (30p), Ciprofloxacin (5u), Cefepime (30p), Gentamicin (10p),
273  Sulphamethoxazole/Trimethoprim (25p), Ampicillin/sulbactam (20p), Nalidixic acid (30p),
274  Imipenem (10p), Tetracycline (5p) (Oxoid, UK). The multiple antibiotic resistance (MAR) index
275  was estimated according to the method labelled previously by Devarajan et al. [93]. P. aeruginosa
276  ATCC 27853 and E. coli ATCC 25922 were utilized as reference strains.

277 In our study, we followed the standards for describing multidrug-resistant (MDR), extensively
278  drug-resistant (XDR) and pandrug-resistant (PDR) that was formed through a joint initiative by
279  the European Centre for Disease Prevention and Control (ECDC) and the Centers for Disease
280  Control and Prevention (CDC) [132]. MDR was well-defined as resistant to no less than one drug

281  in three or more antimicrobial classes, XDR was recognized as resistant to >1 agent in all but <2
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282  antimicrobial classes and in addition, PDR was recognized as resistant to all antimicrobial drugs
283  in all different classes.

284

285  2.4.2. p-lactamase detection using Nitrocefine disks (Cefinase®)

286 The production of B-lactamase was confirmed using a nitrocefin assay. AmpC phenotypic
287  detection AmpC production was proven by the disk approximation test which carried out with the
288  susceptibility Pseudomonas isolates to cefoxitin. To carry out this method, 30 pg of cefoxitin disk
289  was sited ina 20 mm plate center far from a ceftriaxone disk (30 L) and ceftazidime disk (30 ).
290  The plate was then incubated for 18-24 h at 35 <C. Cefoxitin was used as an inducer of the AmpC
291 enzyme and the positivity was measured when the flattening halo around the ceftriaxone and/or
292  ceftazidime disk was noticed.

293

294  2.4.3. Confirmatory detection of Extended Spectrum-f Lactamase (ESBL) activity positive isolates
295  using Combined Disc Diffusion Test

296 The test inoculums (0.5 McFarland turbidity) were dispersed onto Mueller-Hinton agar.
297  Phenotypic confirmatory test of ESBL was done on Pseudomonas spp. by the double-disc synergy
298 technique with paper disks containing ceftazidime and cefotaxime alone, or in mixture with
299  clavulanic acid (30 pg ceftazidime, 30/10 pg ceftazidime/clavulanic acid, 30pg cefotaxime, 30/10
300 g cefotaxime/clavulanic acid). The plate was incubated for 18-24 h at 37 <C. The bacteria were
301  deliberated to be forming ESBL when A above or equal 5 mm increase in a zone diameter for either
302  antimicrobial drug investigated in combination with Clavulanic acid versus the zone diameter of
303  the drug when examined alone equals ESPL.

304
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305 2.4.4. Preparation of genomic DNA and genetic characterization

306 Pseudomonas isolates were grown in 3 ml BHI broth for 18-24 h at 37°C. Afterword, 200 ul
307 aliquots were moved to Eppendorf tubes and centrifugation was then carried out for 2 min at
308 13,000 xg. In 200 ul of pure water, the pellets of organism were re-suspended by mixing. Of pure
309 cultures, the DNA was extracted via the QlAamp DNA Mini Kit (Qiagen, Hilden, Germany) as
310  stated by the manufacturers’ protocols.

311

312  2.4.5. Amplification of ESBL genes

313 Examination of B-lactamase genes was done by PCR techniques. Primers were designated for
314  amplification of the blatem-1, blatemz, blasnvi, blaskv2. PCR circumstances for the SHV gene
315 included an initial denaturation step for 5 min at 95°C, shadowed by 32 cycles of 94°C for 1 min,
316  57°C for 1 min and 70°C for 1 min, with a final extension step at 72°C for 10 min. For TEM, the
317  amplification cycle consisted of 5 min at 95°C, followed by 30 cycles of 94°C for 30 s, 55°C for 1
318 minand 72°C for 1 min, with extension at 72°C for 10 min. For CTX-M, the amplification cycle
319  consisted of 5 min at 94°C, followed by 30 cycles of 94°C for 30 s, 55°C for 1 min and 72°C for 1
320  min, with extension at 72°C for 10 min. ATCC 25922 E. coli strain was utilized as a negative
321  control in all PCR analyses. K. pneumoniae 6064 was used as positive control strain for SHV,
322  whereas E. coli 971was used as positive control strain for TEM and CTX-M.

323

324  2.4.6. PCR for Detection of QS Genes

325 Oligonucleotide primers are listed in Table 2. The PCR was implemented in a 25-L reaction
326  mixture holding a half volume of PCR mix (32 mM (NH4)2S04, 125 mM Tris-HCI (pH 8.8), 0.02%

327  Tween 20,2 mM dNTPs, 2.5 mM MgCl,, and DNA polymerase 0.05 U/jL; BioMix Red; BioLine
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328  Germany), 100 pmol of each primer, and 2L of bacterial DNA template. Considerations for the
329  magnification cycles were denaturation for 1 minute at 94 <C, annealing of primers for 1 minute at
330 52<C, and primer extension for 1.5 minutes at 72<C, for 30 cycles.

331  2.4.7. Amplification of virulence genes using PCR

332 The frequency of virulence genes was detected by PCR. The amplification of tested virulence
333  genes was carried out with particular primers as shown in Table 2. PCR was performed in a total
334 volume of 25 i containing 2 i template DNA, 0.25 pM of each primer, 0.2 mM
335  deoxyribonucleoside triphosphates, 1x reaction buffer, 2 mM MgCl; and 1.5 U Prime Taq DNA
336  polymerase (GeNet Bio). Amplification of DNA was carried out according to the following
337  procedures: initial denaturation (94 <€ for 5 min), followed by 25-30 cycles of denaturation (94
338 <€ for 35-455), annealing (53-62 <€, from 45 s to 1 min) and extension (72 <€, from 45 sto 1 min
339  355), with a single final extension of 7 min at 72 €.

340 All PCR reactions were overlaid with oil and amplifications were completed in a PCR thermal
341  cycler (Perkin Elmer). The amplicons of PCR were then examined on a 1.5% agarose gel, stained
342  with ethidium bromide and imagined by Gel Documentation System.

343

344 2.5, Statistical analysis

345 Statistical analyses, we used the R package. The function rrcor from package Hmisc was used
346  for correlation analyses. All analyses were done with a p<0.05, p<0.01 and p<0.001 significance
347  cut-off. The principal component analysis was carried by using the function prcomp and plotted
348 by using the function ggbiplot from package devtools. Twenty-three phenotypic (antibiotic

349  resistance profile) and genotypic (resistance, virulence and quorum sensing genes) data from the
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350 strains were used for PCA. Since no resistance to Amikacin was observed, we removed this data

351  for the statistical analyses.

352
353

354 3. Results

355  3.1. Culture Results

356 A total of Pseudomonas species recovered from fish meat were 10/100 (10%) to be recognized
357 by the APl 20NE system as P. aeruginosa 12/30 (40%), P. fluorescens 8/30 (26.7%), P. putida
358  6/30 (20%) and P. alkylphenolia 4/30 (13.3%).

359

360  3.2. Production of cell-to-cell signaling-dependent virulence factors.

361 To describe the 30 various isolates, we measured there in vitro productivity of numerous
362  virulence genes that are reliant on an active cell-to-cell signaling circuitry, namely, pyocyanin,
363 elastase, alkaline protease, biofilm and Vero cell cytotoxicity were examined as labelled formerly
364 in the fish meat isolates of P. aeruginosa, P. fluorescens, P. putida and P. alkylphenolia (n=30).
365 The Pseudomonas isolates were capable of yielding different virulence factors outside the cell
366  which organized by the cell-to-cell signaling circuitry and demonstrated them with mutable
367  degrees (Table 3).

368

369  3.3. Distribution of the Virulence genes toxA, aprA and plcH

370 As recorded in Table 3, 19 of the Pseudomonas isolates did not carry any of the three virulence
371  genes (P. aeruginosa n=7, P. fluorescens n=5, P. putida n=4 and P. alkylphenolia n=3). The

372  virulence gene toxA gene was evident in seven of the Pseudomonas isolates (P. aeruginosa n=3,
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373  P. fluorescens n=2, P. putida n=2 and P. alkylphenolia n=0), six of the and aprA gene (P.
374  aeruginosa n=3, P. fluorescens n=2, P. putida n=0 and P. alkylphenolia n=1) and nine of the
375  Pseudomonas isolates carried the plcH gene (P. aeruginosa n=4, P. fluorescens n=3 P. putida n=1
376  and P. alkylphenolia n=1).

377

378  3.4. Screening the fish meat isolates for Extended-spectrum plactamases (ESBLs) genes

379  3.4.1. blaves, blaper, blatem, blashy, blactx-mi1 blactx-m2 blacTx-ms3

380 The 30 Pseudomonas isolates were screened by PCR for the seven genes listed in Table 2 and
381  the screening results are summarized as follows (Table 4): Interestingly, three of the isolates did
382  not express any of the seven ESBLs genes. The blaves gene was expressed in four of the isolates;
383  while each gene of blasnv, blatem and blactx-ms was found in three isolates; the gene blactx-m1 was
384  expressed in one isolate only; leaving the genes blaper,and blactx-m2 to be found in one isolate for
385  each gene. The seven genes showed an enormous variety in their association as shown in Table 8.
386  One prominent feature was that two of the P. aeruginosa and two of the P. alkylphenolia did not
387  express any of the seven genes under assay.

388

389  3.4.2. Analysis of the rhIR/rhll and lasR/lasl genes in cell-to-cell signaling-deficient fish meat
390 isolates

391 We tested the reliability of the cell-to-cell signaling genes lasl, lasR, rhIR, rhlAB and rhll in
392  all 30 Pseudomonas fish meat isolates by PCR. While one (P. fluorescens) of the 30 Pseudomonas
393 isolates carried the five QS genes, seven of the 30 Pseudomonas isolates were deficient of the five
394 QS genes under investigation (P. aeruginosa n=3, P. fluorescens n=2, P. putida n=2 and P.

395 alkylphenolia n=0) (Table 3). The screening results of the 30 Pseudomonas isolates are
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396 summarized as follows: lasl gene was present in 43.3% of the isolates (P. aeruginosa n=4, P.
397  fluorescens n=4, P. putida n=3 and P. alkylphenolia n=2); lasR gene was present in 16.7% of the
398 isolates (P. aeruginosa n=2, P. fluorescens n=3, P. putida n=0 and P. alkylphenolia n=0); rhIR
399  gene was present in 20% of the isolates (P. aeruginosa n=3, P. fluorescens n=3, P. putida n=0 and
400 P. alkylphenolia n=0); rhlIAB gene was present in 36.7% of the isolates (P. aeruginosa n=3, P.
401  fluorescens n=4, P. putida n=4 and P. alkylphenolia n=0); and rhll gene was found in 43.3% of
402 the isolates (P. aeruginosa n=6, P. fluorescens n=4, P. putida n=2 and P. alkylphenolia n=1). In
403  Table 4 the 30 Pseudomonas isolates exhibited seven different QS genes combinations.

404

405  3.5. Phenotypic Antimicrobial Resistance Characterization

406 The findings of antibiotic sensetivity testing of the 30 Pseudomonas isolates are shown in
407  Table 5. Total resistance was evident to Ampicillin (30/30 100%). A high prevalence of resistance
408  to Sulphamethoxazole/Trimethoprim, (28/30, 93.3%), Tetracycline and Nalidixic acid (29/30, 96.7%
409  each) while totally susceptible to Amikacin (30/30 100%). Some isolates were tolerated to f-
410 lactamase antibiotics such as cefotaxime (8/30, 26.7%) and Ampicillin/sulbactam (9/30, 30%).
411  The 30 Pseudomonas isolates were no XDR and PDR but were MDR, with the exception of one
412  isolate while not MDR but was on the other hand XDR and were resistant to two to twelve
413  antimicrobial drugs signifying one to six classes (Table 6).

414

415  3.6. The correlation between the formation of QS-dependent virulence factors and antibiotic
416  sensitivity in fish meat isolates of Pseudomonas

417 In order to determine the independent contribution of each phenotypic virulence factor to the

418 antimicrobial drug resistance of P. aeruginosa, P. fluorescens, P. putida and P. alkylphenolia,
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pyocyanin, elastase and alkaline protease production were assayed. An interesting observation in
the current investigation was the relationship between insufficiency in the production of virulence
factors and increased tolerance to various antimicrobials. The isolates that were insufficient for
production of virulence factors were mostly more resistant to antibiotics and important statistical
correlations were noted for certain agents. This comprised a shortage of pyocyanin, elastase and
alkaline protease production and increased resistance to Tetracycline, Ampicillin, Nalidixic acid,

Sulphamethoxazole/Trimethoprim and Ciprofloxacin (Table 7).

3.7. Association between Antibiotic Resistance Extended-spectrum Blactamases (blaves, blapgr,
blatem, blashv, blactx-m1 blactx-m2 blactx-m3), Virulence (toxA, aprA, plcH, rhil) and QS (lasl, lasR,
rhiR, rhlAB) genes

The 15 genes demonstrated an enormous variety in their association as shown in Table 8. One
prominent feature was that one of the P. aeruginosa did not express any of the 15 genes under

assay.

3.8. Correlation Analyses

The influence of resistance genes in the prevalence of antibiotic resistance was evaluated by
using correlation analyses. For that, we used prcomp function in the Hmisc package. Despite of
that, only four correlations showed significance level higher than 0.05 (data not shown). Besides,

all correlations were related to extended spectrum B-lactamase (SHV, TEM and PER).

3.9. Principal Component Analyses

do0i:10.20944/preprints201911.0282.v1
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441 In order to verify which characteristics, represent the sample, we carried out a principal
442  component analysis (PCA) using all phenotypic (antibiotic resistance profile) and genotypic
443  (resistance, virulence and quorum sensing genes) data from the strains. The plot was generated by
444 using the ggbiplot function from devtool package. Based on the results, the P. alkylphenolia seems
445  to be the most different of the species identified, being well clustered. However, the low number
446  of isolated specimens could be the reason of that (Figure 1). Moreover, only six (resistance to
447  Chloramphenicol, Aztreonam, Cefepime and Ceftriaxone, VEB and CTX-M1 resistance genes) of
448  the 23 characteristics represent almost 70% of the variation (Figure 1).

449
450

451 4. Discussion

452 During the last and present decade, several reports have been published on the virulence factors
453  of the opportunistic pathogens of the Vibrio species, including extracellular toxin [44], siderophore
454 [45], metalloprotease [46,47], type Il secretion system[48], phospholipase, caseinase, and
455  gelatinase [49], as controlled by QS systems. A lot of evidence has demonstrated that weakening
456  of QS in virulent strains of Aeromonas spp. led to insignificantly in decreased death rate
457  concerning their relevant hosts burbot [50], larvae of salt-water shrimp and enormous freshwater
458  prawn [51]. Yet, no available reports were published as to the antibiotic resistance, virulence and
459 QS genes and their assortment in Pseudomonas species isolated from fish.

460 Therefore, in our current study, freshwater fish from landing centers and retail stores were
461 investigated for the existence of ESBL-generating pseudomonads. Our findings propose the
462  existence of different ESBL-generating pseudomonads resilient to manifold antimicrobial drugs
463  comprising carbapenems, fluoroquinolones and cephalosporins. The isolates were examined for

464  the relevant genes accountable for the ESBL+ phenotype.
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465 Everywhere in nature, Pseudomonas sp. belong to a group of microorganisms of most
466  ecological significance, as they are pathogens that are relevant and lead to different diseases in
467  both humans and animals as they are part of the natural microorganisms that live in the pharynx
468  and mucous membranes as well as human skin [24,52]. Even though they play a significant role
469 as plant pathogens [53] and as spoilage organisms, their role as biocontrol agents against the causes
470  of plant diseases has recently emerged [54]. Pseudomonas species has the ability to produce
471  volatile compounds and amino acids degradation, therefore they may lead to taints of fish products
472  [55-59]. The spoilage or pathogenic Pseudomonads which live in various environment is
473  considered main cause of emerging MDRGs [60] and representing public health threat.

474 P. aeruginosa has been considered one of the most significant unscrupulous bacteria in human,
475  producing several local or systematic infections from benign to life threatening [61]. In contrast,
476  P. putida is an infrequent reason human infection. Nevertheless, there are a number of studies
477  indicated that P. putida can cause various illnesses for example eye and urinary infections,
478  pneumonia and soft tissue infections [62-65] as well as its colonization in a haemato-oncological
479  patient [66]. Moreover, some studies have supplied proof for the transfer of antimicrobial
480 resistance genes (ARGs) from P. putida to P. aeruginosa and have discussed the role of P. putida
481  asasource for ARGs [67-69].

482 P. fluorescence is not considered a pathogen in humans and although they are less harmful
483 than P. aeruginosa can cause bacteremia, with most described cases being related either to
484  contaminated blood transfusion or tainted equipment linked with intravenous infusions. In spite of
485  the fact that, P. fluorescence is one of the leading causes of pulmonary disease, certain studies
486  have been shown to be present in respiratory specimens. In addition, a robust relationship between

487  P. fluorescens and human disease has been emerged, in that nearly 50% of patients suffered from
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488  Crohn's disease developed serum antibodies against P. fluorescens. Overall, these studies are
489  starting to high spot a far more common, interesting, and possibly complex relationship between
490 humans and P. fluorescens throughout health and illness [70].

491 Pseudomonas alkylphenolica is a significant species in the breakdown of toxic alkylphenols
492 and massive formation of bioactive polymannuronate polymers [71] and is well-matched
493  forbiofilter applications to get rid of gaseous p-cresol, which is a most important infamous gas
494  released from swine farms [72].

495 Spoilage relies on the density of the population and the connections between the bacteria
496  constituting the environments of seafood involving QS [59,73,74]. In newly caught seafoods from
497  temperate waters, microflora is created chiefly by aerobic rods-shapes and psychrotrophic Gram-
498 negative microorganisms, whose growth is possible at 0°C and optimal at around 25°C.
499  Pseudomonas spp. and a little other Gram-negative psychrotrophic microorganisms govern
500 seafoods kept aerobically at freezing conditions [59].

501 Previously, cytotoxicity prompted by pyocyanin was revealed in a human embryonic lung
502 epithelial cell line (L-132), a rainbow trout gonad cell line (RTG-2) and a Spodoptera frugiperda
503 pupal ovarian cell line (Sf9) [75] while in the present work the cytotoxicity of the 30 Pseudomonas
504  spp. was demonstrated in the Vero cells where P. aeruginosa induced a moderate cytotoxic effect
505  while P. fluorescens, P. putida and P. alkylphenolia were weak in their cytotoxicity which could
506 be attributed to the variance in the spreading of the QS and virulence genes in the four species.
507  Milivojevic et al. [52] compared formation of biofilm, pyocyanin and hemolysin activity, and
508 movement patterns of bacteria with the capability to destroy the Vero cells. The maximum positive
509 link between hemolysis and the swarming aptitude was identified previously by non-parametric

510 statistical analysis [52]. The learning method utilized on the virulence facts detected the maximum
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511  comparative prognostic significance of the immersed production of biofilm for the toxicity of the
512  cell, could not be depended on as an indicator of the infection aptitude [52].

513 The QS of Pseudomonas exhibit multiple signals with multiple functions [76]. QS systems
514  were widely established to be included in organization of pathogenicity of bacteria in aquaculture
515 industry [28]. The P. aeruginosa las QS signal 3-0xo0-C12-HSL has a toxic effect on the cells [77].
516 P. aeruginosa QS-activated virulence factors comprise elastase, proteases, pyocyanin, lectin,
517  swarming movement, rhamnolipids, and toxins. The LasR-30C12HSL complex stimulates
518 transcription of target genes containing those coding virulence factors. RhIR (C4HSL) stimulates
519 target genes, comprising those coding proteases, elastase, pyocyanin, and siderophores (iron
520 carrier). Consequently, most genes are believed to be carried by LasR or RhIR. For example, a
521  DlasR mutant, which is faulty for rhll generation, expresses virulence factors initially described to
522  be LasR-dependent [78]. Seemingly, low level rhll and rhIR expression indorses the subsequent
523  piling up of C4HSL and auto-induction of the RhII/RhIR system. These results are considered to
524  be medically relevant because the clinical isolates of the P. aeruginosa isolates hold mutations in
525 lasR [79]. Biofilm production is an extra QS-controlled action in P. aeruginosa. Albeit regulation
526  of biofilm creation in P. aeruginosa mostly relies on further ecological signals, QS organization
527  of rhamnolipids, crowded movement, and likewise siderophores represent a significant role in the
528  production of biofilm in P. aeruginosa [80-83]. The control of biofilm differentiation and integrity
529 by RhIR and las QS in P. aeruginosa in vivo and in vitro, which makes an inextricable connection
530 between QS and biofilm formation [84]. Swarming motility has been concerned in initial phases
531 of biofilm formation created by P. aeruginosa [85]. QS is thought to dominate the swarming
532  motility produced P. aeruginosa through production of rhamnolipid, as the rhlAB genes are QS-

533  regulated [86] and the Rhl QS system was believed to be necessary for anaerobic biofilm existence
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534  [87]. Several QS signals have been established to display antimicrobial activities [88]. Gram-
535  positive bacteria can be inhibited by The P. aeruginosa las QS signal 3-oxo-C12-HSL [77].

536 Pyocyanin produced by P. aeruginosa is an active molecule, which have wide-spectrum
537  antimicrobial activity in different applications such as aquaculture industry and agriculture. The
538 MDR P. aeruginosa strains were recovered from both fresh and smoked fish with a frequency rate
539 of 33.1% and 20.0% respectively [42]. This finding was matched with the result that many
540 androgen receptor (AR) gene pools in extraordinary levels were noticed in fish feed samples
541  [42,89,90]. Furthermore, samples taken from skin and intestine of fish contain a huge quantity of
542  microbial ART and AR genes which as well matching with the findings stated by Ye et al. [89].
543  As fish and animal by-products, frequently rich in microbial ART, are utilized in feeding of fish
544  as an imperative source of protein, it is predictable that there is a huge pool of AR genes and
545  possibly AR gene carrying microbes in the food of fish. ART bacteria even multiple antibiotic
546  resistant microorganisms were demonstrated in different sources of animal feedstuffs, for instance
547  avian foods [90], livestock food constituents [91], and extracted protein products deriving from
548 avian, cow, and fish [92]. Without suitable treatment, the diet of fish carrying the AR gene
549  produced during feed processing is likely to be a risk factor for the spread of AR bacteria in the
550 fish farms and consequently in the food chain. Actually, numerous genera of ART bacteria were
551  present in manifold types of samples. The aquatic ecosystem described by Devarajan et al. [93] is
552  considered a hotspot for spreading and acquisition of antimicrobial resistance as a result of
553 infection with emerging pollutants resulting from anthropogenic actions. They reported the
554  culturing and description of 141 species of Pseudomonas from aquatic residues receiving
555  moderately untreated hospital and mutual wastes from three different geographic areas: Congo,

556 India, and Switzerland. P. putida (42%) and P. aeruginosa (39%) were the most common species
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557  of Pseudomonas. The findings of [93] demonstrated a prevalent incidence of antimicrobial
558  resistance in aquatic environmental deposits getting untreated/treated wastewater and how these
559  up-to-date causes of pollution, lead to the distribution of bacterial tolerance in the aquatic
560  surroundings. These types of antibiotic resistant bacteria are considered a public hazard to people,
561  because they can act as a vector for the keeping and prevalence of ARGs [94-99]. These microbes
562 in the deposit of the receiving ecosystems were deliberated by Devarajan et al. [93] to be
563  permanent and may perhaps consider essential in keeping and scattering these multiple antibiotic
564  resistant bacteria due to human drinking of water, fisheries or agricultural products by surface
565  water for the irrigation system.

566 The existence of extended spectrum b-lactamase (ESBLs) and metallo b-lactamase (MBLS)
567  genes amongst different types of microbes represents a significant risk, as they cause resistance to
568 a huge panel of betalactams [100,101]. Furthermore, chromosomally encoded resistance
569  mechanisms, are copious in various types of gram-negative microorganisms especially in
570  Pseudomonas spp., which play a vital role in increasing the level of antimicrobial resistance [102].
571  blaSHV-27 is the only other SHV variant commonly stated as chromosomally found in E. coli
572  recovered from fish farms together with nonESBLs blaSHV-1, blaSHV-11, blaSHV-25, and
573  blaSHV-26 [103]. None of the P. aeruginosa isolates were MDR [39].

574 Using of various antimicrobial drugs in fish farms was considered one of the significant causes
575  for introducing multi-drug resistant bacteria and increasing the attentiveness of ARGs in the
576  Ecosystem for fish farming [104,105]. The high use of antibiotics especially sulfonamides and
577  chloramphenicol in fish farms has been stated [105-107]. The incidence of ARGs acquired from
578 aquatic animal skin microbiota is unreliable with the deposits, water and aquatic animal gut

579  [98,108, 109]. In this investigation, aquatic animal skin microbiota represents additional vital place
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580 for spreading of ARGs. In addition, the movement of aquatic animal may help the spread and
581  proliferation of ARGs in the aquaculture. The difference of agriculture design might explain this
582  phenomenon. Comparison with marine aquatic animals, freshwater animals could simply obtain
583  more antibiotic residues from hospitalized wastes, sewage of plants, wastewater of town and etc.
584  Therefore, freshwater animals settled more ARGs. The variations of geographic area and
585 anthropogenic environmental changes could illustrate the condition, which might reflect the
586 variety in using of antimicrobial drugs. However antibiotic resistance genes (ARGS) have naturally
587  developed, unselective usage of antimicrobial drugs in both human and animal has led to selection
588 and distribution of multi-drug resistant bacteria. ARGs established in fish farms may be resulted
589  from manifold sources such as effluents that can come from sewage, wastes of farms and may be
590 dispersed through stormwater. As well as the effluent from hospitals can carry an important pool
591 of ARGs. Rowe et al. [110] used a comparative metagenomic approach and revealed that the plenty
592  of ARGs in liquid wastes arriving the catchment area of river is greater than that in the receiving
593  environment.

594 The MAR index is considered as a decent risk assessment tool and the value of the MAR index
595  (nominally 0.200) has been used to differentiate low- and high-risk regions where antibiotics are
596  overused [111]. Such analysis provides a clear knowledge regarding the numbers of bacteria which
597  show resistant to various antibiotics in the risk zone of susceptibility investigation. Based on our
598 findings, most isolates had MAR indices of 0.25, confirming that there was high antibiotic use and
599  high selective pressure in these environments. However, the practical significance of such an
600 analysis in a developing country as previously recorded in Jamaica, may be lost because antibiotic

601 use and abuse are widespread [112].
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602 Consequently, as a result of the emergence of antibiotic resistance, it is necessary to develop
603 new methods in order to control bacterial infections biofilms became a must. Conversely, QS
604  becomes a possible goal for using it as a new strategy of treatment as a result of its role in microbial
605 contamination, antibiotic resistance and formation of biofilms. One such chance can be recognized
606 by discovering Quorum quenching (QQ) due to its expected advantages [76,113] and gaining
607  significance as a modern method to monitor bacterial biofilms in medicinal and industrial areas,

608 aquaculture, and water treatment plants [114,115].

609
610 5. Conclusions

611 Our findings highlight for the first time the diffusion of MDR Pseudomonas sp. isolates
612  carrying resistance, QS and virulence genes in fish from aquaculture or the River Nile in Egypt.
613  Using of antimicrobial agents in food-producing animals chooses for antibiotic resistance that can
614  be transferred to individuals through food or additional ways of transmission. To keep the
615 efficiency of therapeutically significant antimicrobial drugs, veterinary doctors, agriculturalists,
616  regulatory agencies, and all other shareholders are advised to accept the guidelines released by the
617 WHO in 2017 and work concerning application of these guidelines [116]. These instructions
618 indorse diminutions in the frequently used antimicrobial drugs in aquaculture, comprising
619 complete limit of antibiotic usage as a growth promoting agent and for prevention of disease.
620  Furthermore, these instructions advice that antimicrobials recognized as critically significant for
621 individuals are not applied in food-producing animals for handling or infection control except
622  sensitivity testing reveals the medication to be the only treatment option. In addition, and because
623  of an adjacent relationship between the QS system and antibiotic resistance, biofilm formation and

624  virulence of aquatic microorganisms, ecological strategies are the desired option to solve the
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625  difficulties of gaining of antimicrobial resistance and the scattering of resistant genes when

626  antimicrobial agents or sanitizers are used to treat microbial infections [117,118].

627
628  Conflicts of Interest: The authors declare no conflict of interest.

629
630
631
632 References

633
634 1. Eschmeyer, W. N. Catalog of Fish — California Academy of Sciences. FishBase 2007. Archived

635 from the original on 2000-10-27. Retrieved 2007-08-17.

636 2. CABI. CAB linternational: Oreochromis niloticus (Nile tilapia). Compendium Coordinator
637 Invasive Species Compendium CAB International Wallingford
638 Oxon OX10 8DE UK, 2018, Fax: +44 (0)1491 833508 Email: compend@cabi.org.

639 3. Trewavas, E. Tilapiine fishes of the genera Sarotherodon, Oreochromis and Danakilia. London,
640 UK: British Museum of Natural History, 1983, pp.583.

641 4. Froese, R. & Pauly, D. FishBase 2011, http://www.fishbase.org.

642 5. Pullin, R. S.; Palmares, M. L.; Casal, C. V.; Dey, M. M.; Pauly, D. Environmental impacts of

643 tilapias. In: Fitzsimmons K, ed. Proceedings of the Fourth International Symposium on Tilapia
644 in Aquaculture. Ithaca, NY, USA: Northeast Regional Agricultural Engineering Service1997,
645 554-572.

646 6. Chapman, F. A. Culture of Hybrid Tilapia: A Reference Profile. Circular 1051. University of
647 Florida, Institute of Food and Agricultural Sciences1992, Retrieved 2007-08-17.
648 7. Robin, G. Women in ancient Egypt (p. 188), British museum press 1993, ISBN 0-7141-0956-8.

649 8. Baker, J. Simply Fish. London: Faber & Faber1988, p. 197. ISBN 0-571-14966-9.


https://en.wikipedia.org/wiki/FishBase
http://www.fishbase.org/Eschmeyer/GeneraSummary.cfm?ID=Tilapia
mailto:compend@cabi.org
file:///C:/Users/Ayman/AppData/Local/Temp/Froese,%20R.%20&%20Pauly,%20D.%20FishBase%202011,%20http:/www.fishbase.org
http://edis.ifas.ufl.edu/FA012
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-7141-0956-8
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-571-14966-9
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

650 9. Rosencrans, J. Tilapia is a farmed fish of biblical fame. The Cincinnati Post. E. W. Scripps
651 Company 2003, Archived from the original on 2006-02-18. Retrieved 2012-09-15.

652  10. Linnaeus, . Oreochromis niloticus,Species Fact Sheet. Food and Agriculture Organization of
653 the United Nations1758, Retrieved 2012-09-15.

654  11. Steindachner, F. Batrachologische Mittheilungen. Verhandlungen des Zoologisch-Botanischen
655 Vereins in Wien 1864, 14, 239-288.

656  12. Peters, . Oreochromis mossambicus, Species Fact Sheet. Food and Agriculture Organization
657 of the United Nations1852, Retrieved August 12, 2017.

658  13. Feidi, I. Will the New Large-Scale Aquaculture Projects Make Egypt Self Sufficient In Fish
659 Supplies? MedFAR 2018, 1, 31-41.

660  14. Bardach, J. E.; Ryther, J. H.; McLarney, W. O. Aquaculture, the farming and husbandry of
661 fresh water and marine organisms. Wiley-interscience Inc. New York 1972, 868 pp.

662 15. Serrano, P. H. Responsible use of antibiotics in aquaculture. Food and Agriculture
663 Organization of the United Nations Rome, FAQ Viale delle Terme di Caracalla, 00100 Rome,
664 Italy 2005, ISBN 92-5-105436-3.

665 16. Hasan, M. R. Feeding global aquaculture growth. FAO Aquaculture Newsletter 2017, 56: ii—
666 iil.

667 17. FAO. The State of World Fisheries and Aquaculture 2018 - Meeting the sustainable
668 development goals. Rome 2018, License: CC BY-NC-SA 3.0 IGO.

669 18. Gao, P.; Mao, D.; Luo, Y.; Wang, L.; Xu, B.; Xu, L. Occurrence of sulfonamide and
670 tetracycline-resistant bacteria and resistance genes in aquaculture environment. Water Res

671 2012, 46, 2355-2364, doi: 10.1016/j.watres.2012.02.004.


https://web.archive.org/web/20060218163036/http:/www.cincypost.com/2003/07/16/tilap071603.html
https://en.wikipedia.org/wiki/The_Cincinnati_Post
https://en.wikipedia.org/wiki/E._W._Scripps_Company
https://en.wikipedia.org/wiki/E._W._Scripps_Company
http://www.cincypost.com/2003/07/16/tilap071603.html
http://www.fao.org/fishery/species/3217/en
https://en.wikipedia.org/wiki/Food_and_Agriculture_Organization
https://en.wikipedia.org/wiki/Food_and_Agriculture_Organization
http://www.fao.org/fishery/species/2408/en
https://en.wikipedia.org/wiki/Food_and_Agriculture_Organization
https://en.wikipedia.org/wiki/Food_and_Agriculture_Organization
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

672  19. Ozaktas, T.; Taskin, B.; Gozen, A. G. High level multiple antibiotic resistance among fish
673 surface associated bacterial populations in non-aquaculture freshwater environment. Water
674 Res 2012, 46, 382-390, http://dx.doi.org/10.1016/j.watres.2012.09.010.

675 20.Chen,B., Lin, L., Fang, L., Yang, Y., Chen, E., Yuan, K., et al. Complex pollution of antibiotic
676 resistance genes due to beta-lactam and aminoglycoside use in aquaculture farming. Water Res
677 2018, 134, 200208, https://doi.org/10.1016/j.watres.2018.02.003.

678 21. O’Neill, J. Antimicrobial resistance: tackling a crisis for the health and wealth of nations.
679 London, Review on Antimicrobial Resistance 2014.

680 22. FAO; OIE (World Organization for Animal Health); WHO (World Health Organization). The

681 FAO-OIE-WHO collaboration: Sharing responsibilities and coordinating global activities to
682 address health risks at the animal-human-ecosystems interfaces. A tripartite concept notes
683 2010.

684  23. Codex Alimentarius Commission. Maximum residue limits (MRLs) and risk management
685 recommendations (RMRs) for residues of veterinary drugs in foods. CAC/MRL 2-2017. Rome,
686 FAO & WHO 2017.

687  24. Milivojevic, D.; Sumonja, N.; Medi¢, S.; Pavic, A.; Moric, 1.; Vasiljevic, B.; et al. Biofilm-
688 forming ability and infection potential of Pseudomonas aeruginosa strains isolated from
689 animals and humans. Pathog Dis 2018, 76, fty041, https://doi.org/10.1093/femspd/fty041.
690  25. Paczkowski, J. E.; Mukherjee, S.; McCready, A. R.; Cong, J. P.; Aquino, C. J.; Kim, H.; et al.
691 Flavonoids Suppress Pseudomonas aeruginosa Virulence through Allosteric Inhibition of
692 Quorum-sensing  Receptors. J Biol Chem 2017, 292, 4064-4076, doi:

693 10.1074/jbc.M116.770552.


http://dx.doi.org/10.1016/j.watres.2012.09.010
https://doi.org/10.1016/j.watres.2018.02.003
https://doi.org/10.1093/femspd/fty041
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

694  26. Bjarnsholt, T.; Jensen, P. @.; Jakobsen, T. H.; Phipps, R.; Nielsen, A. K.; etal. Quorum Sensing
695 and Virulence of Pseudomonas aeruginosa during Lung Infection of Cystic Fibrosis Patients.
696 PLoS ONE 2010, 5(4), e10115, doi: 10.1371/journal.pone.0010115.

697  27. Pawar, S.; Lahiri, C. Quorum sensing: An imperative longevity weapon in Bacteria. Afr J
698 Microbiol Res 2018, 12, 96-104. DOI: 10.5897/AJMR2017.8751.

699 28. Zhang, W.; Li, C. Exploiting Quorum Sensing Interfering Strategies in Gram-Negative
700 Bacteria for the Enhancement of Environmental Applications. Front Microbiol 2016, 6, 1535,
701 doi: 10.3389/fmicb.2015.01535.

702  29.Blana, V. Quorum Sensing: Understanding the role of bacteria in meat spoilage. Ph. D. Thesis,
703 Cranfield University Cranfield Health, College Road, Bedford MK43 OAL, United Kingdom
704 2010.

705 30. da Silva, D. P.; Schofield, M. C.; Parsek, M. R.; Tseng, B. S. An Update on the
706 Sociomicrobiology of Quorum Sensing in Gram-Negative Biofilm Development. Pathogens
707 2017, 6, 51, doi:10.3390/pathogens6040051.

708  31.Jay, J. M.; Vilai, J. P.; Hughes, M. E. Profile and activity of the bacterial biota of ground beef
709 held from freshness to spoilage at 5-7<C. Int J Food Microbiol 2003, 81, 105-111.

710  32. Schuster, M.; Lostroh, C. P.; Ogi, T.; Greenberg, E. P. Identification, timing, and signal
711 specificity of Pseudomonas aeruginosa quorum-controlled genes: A transcriptome analysis. J
712 Bacteriol 2003, 185, 2066-2079.

713  33. Wagner, V. E.; Bushnell, D.; Passador, L.; Brooks, A. I.; Iglewski, B. H. Microarray analysis
714 of Pseudomonas aeruginosa quorum-sensing regulons: Effects of growth phase and

715 environment. J Bacteriol 2003, 185, 2080—2095.


https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

716  34. Liu, M.; Gray, J. M.; Griffiths, M. W. Occurrence of proteolytic activity and N-acyl-
717 homoserine lactone signals in the spoilage of aerobically chill-stored proteinaceous raw foods.
718 J Food Prot 2006, 69, 2729-2737.

719  35.Bai, A. J.,; Rai, V. R. Bacterial Quorum Sensing and Food Industry. Comp Rev Food Sci Food
720 Saf 2011, 10, 184- doi 10.1111/j.1541-4337.2011. 00150.x.

721  36.Hammond, J. H.; Hebert, W. P.; Naimie, A.; Ray, K.; Van Gelder, R. D.; DiGiandomenico, A.;

722 et al. Environmentally Endemic Pseudomonas aeruginosa Strains with Mutations in lasR Are
723 Associated with Increased Disease Severity in Corneal Ulcers. mSphere 2016, 1(5), pii:
724 €00140-16, doi: 10.1128/mSphere.00140-16. eCollection.

725  37. Papenfort, K.; Bassler, B. L. Quorum sensing signal-response systems in Gram-negative
726 bacteria. Nat Rev Microbiol 2016, 14, 576-588.

727  38. Alayande, A. B.; Aung, M. M.; Kim, I. S. Correlation Between Quorum Sensing Signal
728 Molecules and Pseudomonas aeruginosa’s Biofilm Development and Virulency. Curr
729 Microbiol 2018, 75, 787-793, https://doi.org/10.1007/s00284-018-1449-5.

730  39. Boss, R.; Overesch, G.; Baumgartner, A. Antimicrobial Resistance of Escherichia coli,

731 Enterococci, Pseudomonas aeruginosa, and Staphylococcus aureus from Raw Fish and
732 Seafood Imported into Switzerland. J Food Prot 2016, 79, 1240-1246, doi: 10.4315/0362-
733 028X.JFP-15-463.

734 40. Benie, C. K. D.; Dadie, A.; Guessennd, N.; Kouame, N. D.; N’gbesso-Kouadio, N.A.; et al.
735 Molecular Identification and Virulence Factors of Pseudomonas aeruginosa Strains Isolated
736 from Animal Products. J Bacteriol Mycol Open Access 2017, 4, 00094, DOI:

737 10.15406/jbmoa.2017.04.00094.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Hammond%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=27631025
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hebert%20WP%5BAuthor%5D&cauthor=true&cauthor_uid=27631025
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naimie%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27631025
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ray%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27631025
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Gelder%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=27631025
https://www.ncbi.nlm.nih.gov/pubmed/?term=DiGiandomenico%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27631025
https://www.ncbi.nlm.nih.gov/pubmed/27631025
https://doi.org/10.1007/s00284-018-1449-5
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

738  41.Benie, C. K. D.; Dadi€ A.; Guessennd, N.; N’gbesso-Kouadio, N. A.; Kouame, N. D.; N’golo,

739 D. C.; et al. Characterization of virulence potential of Pseudomonas aeruginosa isolated from
740 bovine meat, fresh fish and smoked fish. Europ J Microbiol Immunol 2017, 7, 55-64, DOI:
741 10.1556/1886.2016.00039.

742  42.Benie, C. K. D., Nathalie, G., Adjéhi, D., Solange, A.1., Fernique konan, K., Desire, K., et al.
743 Prevalence and Antibiotic Resistance of Pseudomonas aeruginosa Isolated from Bovine Meat,
744 Fresh Fish and Smoked Fish. Arch. Clin. Microbiol. 8, 3, (2017).

745  43.Ndi, O. L.; Barton, M. D. Resistance Determinants of Pseudomonas Species from Aquaculture
746 in Australia. J Aquac Res Development 2012, 3, 119, doi:10.4172/2155-9546.1000119.

747 44, Manefield, M.; Harris, L.; Rice, S. A.; deNys, R.; Kjelleberg, S. Inhibition of luminescence

748 and virulence in the black tiger prawn (Penaeusmonodon) pathogen Vibrio harveyi by
749 intercellular signal antagonists. Appl Environ Microbiol 2000, 66, 2079-2084,
750 d0i:10.1128/AEM.66.5.2079-2084.2000.

751 45, Lilley, B. N.; Bassler, B. L. Regulation of quorum sensing in Vibrio harveyi by
752 LuxOandsigma-54. Mol Microbio. 2000, 36, 940-954, doi: 10.1046/j.1365-2958.2000.
753 01913.x.

754  46. Decker, S. D.; Reynaud, Y.; Saulnier, D. First molecular evidence of cross-species induction

755 of metalloprotease gene expression in Vibrio strains pathogenic for Pacific Oyster Crass
756 ostreagigas involving a quorum sensing system. Aquaculture 2013, 392, 1-7, doi:
757 10.1016/j.aquaculture.2013.01.033.

758 47.Ha, C.; Kim, S. K.; Lee, M. N.; Lee, J. H. Quorum sensing-dependent metalloproteaseVVvpEis
759 important in the virulence of Vibrio vulnificus to invertebrates. Microb Pathog 2014, 71-72,

760 8-14, doi: 10.1016/j.micpath.2014.04.001.


https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

761  48. Henke, J. M.; Bassler, B. L. Quorum sensing regulates type Il secretion in Vibrio harveyi and
762 Vibrio parahaemolyticus. J Bacteriol 2004, 186, 3794-3805, doi: 10.1128/JB.186.12.3794-
763 3805.2004.

764  49.Natrah, F. M.; Alam, M. I.; Pawar, S.; Harzevili, A. S.; Nevejan, N.; Boon, N.; et al. The impact

765 of quorum sensing on the virulence of Aeromonas hydrophila and Aeromonas salmonicida
766 towards burbot (Lotalota L.) larvae. Vet Microbiol 2012, 159, 77-82, doi:
767 10.1016/j.vetmic.2012.03.014.

768  50. Natrah, F. M.; Ruwandeepika, H. A.; Pawar, S.; Karunasagar, l.; Sorgeloos, P.; Bossier, P.; et
769 al. Regulation of virulence factors by quorum sensing in Vibrio harveyi. Vet Microbiol 2011,
770 154, 124-129, doi: 10.1016/j.vetmic.2011.06.024.

771  51. Pande, G. S. J.; Scheie, A. A.; Benneche, T.; Wille, M.; Sorgeloos, P.; Bossier, P.; et al.

772 Quorum sensing-disrupting compounds protect larvae of the giant freshwater prawn
773 Macrobrachium rosenbergii from Vibrio harveyi infection. Aquaculture 2013, 406-407, 121
774 124, doi: 10.1016/j.aquaculture.2013.05.015.

775  52.Prasad, G.; Minakshi, P. In Immunology and Medical Microbiology, p 1-23. Normal microbial
776 flora of human body and host parasite relationship. National 511 Science Digital Library 2007.
777  53. Ridgway, H. F.; Safarik, J. Identification and catabolic activity of well-derived gasoline-

778 degrading bacteria from a contaminated aquifer. Appl Environ Microbiol 1990, 56, 3565-3575.


https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

779  54. Durairaj, K.; Velmurugan, P.; Park, J. H.; Chang, W. S.; Park, Y. J.; Senthilkumar, P. An

780 investigation of biocontrol activity Pseudomonas and Bacillus strains against Panax ginseng
781 root rot fungal phytopathogens. Biological Control 2018, 125, 138-146,
782 https://doi.org/10.1016/j.biocontrol.2018.05.021.

783  55. Molin, G.; Ternstrom, A. Phenotypically based taxonomy of psychrotrophic Pseudomonas
784 isolated from spoiled meat, water and soil. Int J Syst Bacteriol 1986, 36, 257-274.

785  56. Miller, I11A.; Scanlan, R. A.; Lee, J. S.; Libbey, L. M. Identification of volatile compounds
786 produced in sterile fish muscle (Sebastes melanops) by Pseudomonas fragi. Appl Microbiol
787 1993, 25, 952-955.

788  57. Tryfinopoulou, P.; Tsakalidon, E.; Nychas, G. J. E. Characterization of Pseudomonas sp.
789 associated with spoilage of Gilt-head sea bream stored under various conditions. Appl Environ
790 Microbiol 2002, 68, 65-72.

791  58. Garcia-Lopez, I.; Otero, A.; Garcia-Lopez, M. L.; Santos, J. A. Molecular and phenotypic
792 characterization of nonmotile Gram-negative bacteria associated with spoilage of freshwater
793 fish. J Appl Microbiol 2004, 96, 878-886.

794  59.Wang, F.; Fu, L.; Bao, X.; Wang, Y. The spoilage microorganisms in seafood with the existed
795 guorum sensing phenomenon. J Food Microbiol 2017, 1, 14-109.

796  60. Levy, S. B. Antibiotic resistance: an ecological imbalance. Ciba Foundation Symposium1997,
797 207, 1-9.

798  61. Klockgether, J.; TUmmler, B. Recent advances in understanding Pseudomonas aeruginosa as
799 a pathogen. F1000Research 2017, 6, 1261, http://doi.org/10.12688/f1000research.10506.1.
800 62. Korcova, J.; Koprnova, J.; Krcmery, V.; Krcmery, V. Bacteraemia due to Pseudomonas putida

801 and other Pseudomonas non-aeruginosa in children. J Inf Secur 2005, 51, 81.


https://www.sciencedirect.com/science/article/pii/S1049964418302007#!
https://www.sciencedirect.com/science/article/pii/S1049964418302007#!
https://www.sciencedirect.com/science/article/pii/S1049964418302007#!
https://www.sciencedirect.com/science/article/pii/S1049964418302007#!
https://www.sciencedirect.com/science/article/pii/S1049964418302007#!
https://www.sciencedirect.com/science/article/pii/S1049964418302007#!
https://www.sciencedirect.com/science/journal/10499644
file:///C:/Users/kamelia/Desktop/QS/125
https://doi.org/10.1016/j.biocontrol.2018.05.021
http://doi.org/10.12688/f1000research.10506.1
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

63. Carpenter, R. J.; Hartzell, J. D.; Forsberg, J. A.; Babel, B. S.; Ganesan, A. Pseudomonas putida
war wound infection in a US marine: a case report and review of the literature. J Inf Secur
2008, 56, 234-240.

64. Wu, X.; Monchy, S.; Taghavi, S.; Zhu, W.; Ramos, J.; van der Lelie, D. Comparative genomics
and functional analysis of niche-specific adaptation in Pseudomonas putida. FEMS Microbiol
Rev 2011, 35, 299-323.

65. Thomas, B. S.; Okamoto, K.; Bankowski, M. J.; Seto, T. B. A lethal case of Pseudomonas
putida Bacteremia due to soft tissue infection. Infect Dis Clin Pract 2013, 21, 147-213.

66. Peter, S.; Oberhettinger, P.; Schuele, L.; Dinkelacker, A.; Vogel, W.; D&fel, D.; et al. Genomic
characterisation of clinical and environmental Pseudomonas putida group strains and
determination of their role in the transfer of antimicrobial resistance genes to Pseudomonas
aeruginosa. BMC Genomics 2017, 18, 859, DOI 10.1186/s12864-017-4216-2.

67. Lee, K.; Lim J. B.; Yum J. H.; Yong D.; Chong Y.; Kim J. M.; et al. bla (VIM-2) cassette-
containing novel integrons in metallo-beta-lactamase-producing Pseudomonas aeruginosa
and Pseudomonas putida isolates disseminated in a Korean hospital. Antimicrob Agents
Chemother 2002, 46, 1053-1058.

68. Juan, C.; Zamorano, L.; Mena, A.; Alberti, S.; Perez, J. L.; Oliver, A. Metallo-beta-lactamase-
producing Pseudomonas putida as a reservoir of multidrug resistance elements that can be
transferred to successful Pseudomonas aeruginosa clones. J Antimicrob Chemother 2010, 65,
474-478.

69. Gilarranz, R.; Juan, C.; Castillo-Vera, J.; Chamizo, F. J.; Artiles, F.; Alamo, I.; et al. First
detection in Europe of the metallo-beta-lactamase IMP-15 in clinical strains of Pseudomonas

putida and Pseudomonas aeruginosa. Clin Microbiol Infect 2013, 19, E424-427.


https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

825  70. Scales, B. S.; Dickson, R. P.; LiPuma, J. J.; Huffnagle, G. B. Microbiology, Genomics, and

826 Clinical Significance of the Pseudomonas fluorescens Species Complex, an Unappreciated
827 Colonizer  of Humans. Clin Microbiol Rev 2014, 217, 927-948,
828 http://doi.org/10.1128/CMR.00044-14.

829 71.Lee, K.; Ha, G. S.; Veeranagouda, Y.; Seo, Y. S.; Hwang, I. A CHASE3/GAF sensor hybrid
830 histidine kinase BmsA modulates biofilm formation and motility in Pseudomonas
831 alkylphenolica. Microbiology 2016, 162, 1945-1954, DOI 10.1099/mic.0.000373.

832 72. Lim, J. Y.; Leeb, K.; Hwanga, I. Complete genome sequence of the mushroom-like aerial

833 structure-forming Pseudomonas alkylphenolia, a platform bacterium for mass production of
834 poly-B-d-mannuronates. J Biotechnol 2014, 192, 20-21,
835 http://dx.doi.org/10.1016/j.jbiotec.2014.09.024.

836  73. Bai, A. J.; Rai, V. R. Quorum Sensing Regulation and Inhibition of Exoenzyme Production
837 and Biofilm Formation in the Food Spoilage Bacteria Pseudomonas psychrophile PSPF19.
838 Food Biotechnol 2014, 28, 293-308.

839 74.Zhu, S.; Wu, H.; Zeng, M.; Liu, Z.; Wang, Y. The involvement of bacterial quorum sensing in
840 the spoilage of refrigerated Litopenaeus vannamei. Int J Food Microbiol 2015, 192, 26-33, doi:
841 10.1016/j.ijfoodmicro.2014.09.029.

842  75. Priyaja, P.; Jayesh, P.; Philip, R.; Singh, I. S. B. Pyocyanin induced in vitro oxidative damage
843 and its toxicity level in human, fish and insect cell lines for its selective biological applications.
844 Cytotechnology 2016, 68, 143-155, DOI 10.1007/s10616-014-9765-5.

845  76. Grandclément, C.; Tanniees, M.; Moré&a, S.; Dessaux, Y.; Faure, D. Quorum quenching: role
846 in nature and applied developments, FEMS Microbiol Rev 2016, 40, 86-116,

847 https://doi.org/10.1093/femsre/fuv038.


http://doi.org/10.1128/CMR.00044-14
http://dx.doi.org/10.1016/j.jbiotec.2014.09.024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25305441
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25305441
https://doi.org/10.1093/femsre/fuv038
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

848  77. Kaufmann, G. F.; Sartorio, R.; Lee, S. H.; Rogers, C. J.; Meijler, M. M.; Moss, J. A,; et al.
849 Revisiting quorum sensing: Discovery of additional chemical and biological functions for 3-
850 oxo-N-acylhomoserine lactones. Proc Natl Acad Sci U S A 2005, 102, 309-314, (2005).

851  78. Dekimpe, V.; Deziel, E. Revisiting the quorum-sensing hierarchy in Pseudomonas aeruginosa:
852 The transcriptional regulator RhIR regulates LasR-specific factors. Microbiology 2009, 155,
853 712-723.

854  79. Smith, E.E.; Buckley, D.G.; Wu, Z.; Saenphimmachak, C.; Hoffman, L.R.; D’Argenio, D.A,;
855 et al. Genetic adaptation by Pseudomonas aeruginosa to the airways of cystic fibrosis patients.
856 Proc Natl Acad Sci 2006, 103, 8487—8492.

857  80. Deziel, E.; Lepine, F.; Milot, S.; Villemur, R. rhlA is required for the production of a novel

858 biosurfactant promoting swarming motility in Pseudomonas aeruginosa: 3-(3-
859 hydroxyalkanoyloxy) alkanoic acids (HAAS), the precursors of rhamnolipids. Microbiology
860 2003, 149, 2005-2013.

861  81. De Kievit, T. R. Quorum sensing in Pseudomonas aeruginosa biofilms. Environ Microbiol
862 2008, 11, 279-288.

863  82. Patriquin, G. M.; Banin, E.; Gilmour, C.; Tuchman, R.; Greenberg, E. P.; Poole, K. Influence
864 of quorum sensing and iron on twitching motility and biofilm formation in Pseudomonas
865 aeruginosa. J Bacteriol 2008, 190, 662-671.

866  83. Rahman, P.; Dusane, D.; Zinjarde, S.; Venugopalan, V.; McLean, R.; Weber, M. Quorum
867 sensing: Implications on rhamnolipid biosurfactant production. Biotechnol Genet Eng Rev
868 2010, 27, 159-184.

869  84. Mukherjee, S.; Moustafa, D.; Smith, C. D.; Goldberg, J. B.; Bassler, B. L. The RhIR quorum-

870 sensing receptor controls Pseudomonas aeruginosa pathogenesis and biofilm development


https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

871 independently of its canonical homoserine lactone autoinducer. PLoS Pathog 2017, 13(7),

872 1006504, https://doi.org/10.1371/journal.ppat.1006504.

873  85. Shrout, J. D.; Chopp, D. L.; Just, C. L.; Hentzer, M.; Givskov, M.; Parsek, M. R. The impact
874 of quorum sensing and swarming motility on Pseudomonas aeruginosa biofilm formation is
875 nutritionally conditional. Mol Microbiol 2006, 62, 1264-1277.

876  86. Davey, M. E.; Caiazza, N. C.; O’Toole, G. A. Rhamnolipid surfactant production affects
877 biofilm architecture in Pseudomonas aeruginosa PAOL. J Bacteriol 2003, 185, 1027-1036.
878 87.Yoon, S. S.; Hennigan, R. F.; Hillard, G. M.; Ochsner, U. A.; Parvatiyar, K.; Kamani, M. C.;
879 et al. Pseudomonas aeruginosa anaerobic respiration in biofilms: relationships to cystic
880 fibrosis pathogenesis. Dev. Cell 2002, 3, 593-603.

881  88. Jakobsen, T. H.; Nielsen, T. T.; Givskov, M. Bacterial Biofilm Control by Perturbation of
882 Bacterial Signaling Processes. Int J Mol Sci 2017, 18, 1970, doi:10.3390/ijms18091970.

883  89.Ye, L.;Lu,Z;Li, X.; Shi, L.; Huang, Y.; Wang, H. H. Antibiotic-resistant bacteria associated
884 with retail aquaculture products from Guangzhou, China. J Food Prot 2013, 76, 295-301,
885 10.4315/0362-028X.JFP-12-288.

886 90. Huang, Y.; Zhang, L.; Tiu, L.; Wang, H. H. Characterization of antibiotic resistance in
887 commensal bacteria from an aquaculture ecosystem. Front Microbiol 2015, 6, 914. doi:
888 10.3389/fmich.2015.00914.

889  91. Dargatz, D. A.; Strohmeyer, R. A.; Morley, P. S.; Hyatt, D. R.; Salman M. D. Characterization
890 of Escherichia coli and Salmonella enterica from cattle feed ingredients. Foodborne Pathog

891 Dis 2005, 2, 341-347, 10.1089/fpd.2005.2.341.


https://doi.org/10.1371/journal.ppat.1006504
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

892 92. Hofacre, C. L.; White, D. G.; Maurer, J. J.; Morales, C.; Lobsinger, C.; Hudson, C.
893 Characterization of antibiotic-resistant bacteria in rendered animal products. Avian Dis 2001,
894 45, 953-961, 10.2307/1592874.

895  93. Devarajan, N.; Kdler, T.; Sivalingam, P.; van Delden, C.; Mulaji, C. K.; Mpiana, P. T.; et al.

896 Antibiotic resistant Pseudomonas spp. in the aquatic environment: A prevalence study under
897 tropical and temperate climate conditions. Water Res 2017, 115, 256-265,
898 http://dx.doi.org/10.1016/j.watres.2017.02.058.

899  94. Mubedi, J. I.; Devarajan, N.; Le Faucheur, S.; Mputu, J. K.; Atibu, E. K.; Sivalingam, P.; et al.

900 Effects of untreated hospital effluents on the accumulation of toxic metals in sediments of
901 receiving system under tropical conditions: case of South India and Democratic Republic of
902 Congo. Chemosphere 2013, 93 (6), 1070e1076.

903  95. Devarajan, N.; Laffite, A.; Ngelikoto, P.; Elongo, V.; Prabakar, K.; Mubedi, J. I.; et al. Hospital

904 and urban effluent waters as a source of accumulation of toxic metals in the sediment receiving
905 system of the Cauvery River, Tiruchirappalli, Tamil Nadu, India. Environ Sci Pollut Res Int
906 2015, 22 (17), 12941e12950.

907  96. Laffite, A.; Kilunga, P. I.; Kayembe, J. M.; Devarajan, N.; Mulaji, C. K.; Giuliani, G.; et al.
908 Hospital effluents are one of several sources of metal, antibiotic resistance genes, and bacterial
909 markers disseminated in Sub-Saharan urban rivers. Front Microbiol 2016, 7, 1128.

910 97. Nakayama, T.; Tuyet Hoa, T. T.; Harada, K.; Warisaya, M.; Asayama, M.; Hinenoya, A.; et al.

911 Water metagenomic analysis reveals low bacterial diversity and the presence of antimicrobial
912 residues and resistance genes in a river containing waste water from backyard aquacultures in
913 the Mekong Delta, Vietnam. Environ Pollut 2017, 222, 294-306, doi:

914 10.1016/j.envpol.2016.12.041.


https://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%B6hler%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28284092
http://dx.doi.org/10.1016/j.watres.2017.02.058
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

915 98. Gao, Q.; Li, Y.; Qi, Z,; Yue, Y.; Min, M.; Peng, S.; et al. Diverse and abundant antibiotic
916 resistance genes from Mari culture sites of China’s coastline. Sci Total Environ 2018, 630,
917 117-125, doi: 10.1016/j.scitotenv.2018.02.122.

918 99. Hong, B.; Ba, Y.; Niu, L.; Lou, F.; Zhang, Z.; Liu, H.; et al. A Comprehensive Research on
919 Antibiotic Resistance Genes in Microbiota of Aquatic Animals. Front Microbiol 2018, 9, 1617,
920 doi: 10.3389/fmicb.2018.01617.

921  100. Canton, R.; Coque, T. M. The CTX-M beta-lactamase pandemic. Curr Opin Microbiol 2006,
922 9, 466e475.

923 101. Walsh, T. R.; Weeks, J.; Livermore, D. M.; Toleman, M. A. Dissemination of NDM-1
924 positive bacteria in the New Delhi environment and its implications for human health: an
925 environmental point prevalence study. Lancet Infect Dis 2011, 11, 355e362.

926  102. Li, X. Z.; Plesiat, P.; Nikaido, H. The challenge of efflux-mediated antibiotic resistance in
927 Gram-negative bacteria. Clin Microbiol Rev 2015, 28, 337e418.

928  103. Jiang, H. X.; Tang, D.; Liu, Y. H.; Zhang, X. H.; Zeng, Z. L.; Xu, L.; et al. Prevalence and

929 characteristics of b-lactamase and plasmid-mediated quinolone resistance genes in
930 Escherichia coli isolated from farmed fish in China. J Antimicrob Chemother 2012, 67, 2350-
931 2353, d0i:10.1093/jac/dks250.

932 104. Cesare, A. D.; Luna, G. M.; Vignaroli, C.; Pasquaroli, S.; Tota, S.; Paroncini, P.; et al.
933 Aquaculture can promote the presence and spread of antibiotic-resistant Enterococci in marine
934 sediments. PLoS One 2013, 8: 62838, doi: 10.1371/journal.pone.0062838.

935 105. Liu, X.; Steele, J. C.; Meng, X. Z. Usage, residue, and human health risk of antibiotics in
936 Chinese aquaculture: a review. Environ Pollut 2017, 223, 161-169, doi:

937 10.1016/j.envpol.2017.01.003.


https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

938  106. Li, X.; Hu, Y.; Huo, T.; Xu, C. Comparison of the determination of chloramphenicol residues

939 in aquaculture tissues by time-resolved fluoroimmunoassay and with liquid chromatography
940 and tandem mass spectrometry. Food Agric Immunol 2006, 17, 191-199, doi:
941 10.1080/09540100601090349.

942  107. Heuer, O. E.; Kruse, H.; Grave, K.; Collignon, P.; Karunasagar, I.; Angulo, F. J. Human
943 health consequences of use of antimicrobial agents in aquaculture. Clin Infect Dis 2009, 49,
944 1248-1253. doi: 10.1086/605667.

945 108. Khan, G. A.; Berglund, B.; Khan, K. M.; Lindgren, P. E.; Fick, J. Occurrence and abundance
946 of antibiotics and resistance genes in rivers, canal and near drug formulation facilities - a study
947 in pakistan. PLoS One 2013, 8: €62712, doi: 10.1371/journal.pone.0062712.

948  109. Fu, J.; Yang, D.; Jin, M.; Liu, W.; Zhao, X.; Li, C.; et al. Aquatic animals promote antibiotic

949 resistance gene dissemination in water via conjugation: role of different regions within the
950 zebra fish intestinal tract, and impact on fish intestinal microbiota. Mol Ecol 2017, 26, 5318—
951 5333, doi: 10.1111/mec.14255.

952  110. Rowe, W.; Verner-Jeffreys, D. W.; Baker-Austin, C.; Ryan, J. J.; Maskell, D. J.; Pearce, G.

953 P. Comparative metagenomics reveals a diverse range of antimicrobial resistance genes in
954 effluents entering a river catchment. Water Sci Technol 2016, 73, 1541-1549, doi:
955 10.2166/wst.2015.634.

956 111. Riaz, S.; Faisal, M.; Hasnain, S. Antibiotic susceptibility pattern and multiple antibiotic
957 resistances (MAR) calculation of extended spectrum f[3lactamase (ESBL) producing

958 Escherichia coli and Klebsiella species in Pakistan. Afr J Biotechnol 2011, 10, 6325-6331.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Rowe%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27054725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verner-Jeffreys%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=27054725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baker-Austin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27054725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ryan%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=27054725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maskell%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=27054725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pearce%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=27054725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pearce%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=27054725
https://www.ncbi.nlm.nih.gov/pubmed/27054725
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

959 112. Olayinka, A.T.; Olayinka, B.O.; Onile, B.A. Antibiotic susceptibility and plasmid pattern of
960 Pseudomonas aeruginosa from the surgical unit of a university teaching hospital in north
961 central Nigeria. Int J Med Sci 2009, 1(3), 079-083.

962 113. Rehman, Z. U.; Leiknes, T. Quorum-Quenching Bacteria isolated from Red Sea Sediments
963 Reduce Biofilm Formation by Pseudomonas aeruginosa. Front Microbiol 2018, 9, 1354, doi:
964 10.3389/fmich.2018.01354.

965 114. Torres, M.; Rubio-Portillo, E.; Anton, J.; Ramos-Espla, A. A.; Quesada, E.; Llamas, I.

966 Selection of the N-acylhomoserine lactone-degrading bacterium Alteromonas stellipolaris
967 PQQ-42 and of its potential for biocontrol in aquaculture. Front Microbiol 2016, 7:646, doi:
968 10.3389/fmich.2016.00646.

969  115. Bzdrenga, J.; Daude, D.; Remy, B.; Jacquet, P.; Plener, L.; Elias, M.; et al. Biotechnological
970 applications of quorum quenching enzymes. Chem Biol Interact 2017, 267, 104-115, doi:
971 10.1016/j.cbi.2016.05.028.

972  116. Aidara-Kane, A.; Angulo, F. J.; Conly, J. M.; Minato, Y.; Silbergeld, E. K.; McEwen, S. A.;

973 et al.; WHO Guideline Development Group. World Health Organization (WHO) guidelines
974 on use of medically important antimicrobials in food-producing animals. Antimicrob Resis
975 Infect Cont 2018, 7, 7, DOI 10.1186/s13756-017-0294-9.

976 117. Homem, V.; Santos, L. Degradation and removal methods of antibiotics from aqueous
977 matrices. A review. J Environ Manage 2011, 92, 2304-2347, doi:
978 10.1016/j.jenvman.2011.05.023.

979  118.Singh, R. P. Attenuation of quorum sensing-mediated virulence in Gram- negative pathogenic
980 bacteria: implications for the post-antibioticera. Med Chem Commun 2015, 6, 259-272,

981 doi:10.1039/C4MDO00363B.


https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

982  119. Huston, W. M.; Potter, A. J.; Jennings, M. P.; Rello, J.; Hauser, A. R.; McEwan, A. G. Survey
983 of ferroxidase expression and siderophore production in clinical isolates of Pseudomonas
984 aeruginosa. J Clin Microbiol 2004, 42, 2806-2809.
985 120. Radhapriya, P.; Ramachandran, A.; Anandham, R.; Mahalingam, S. Pseudomonas
986 aeruginosa RRALC3 Enhances the Biomass, Nutrient and Carbon Contents of Pongamia
987 pinnata Seedlings in Degraded Forest Soil. PLoS ONE 2015, 10, e0139881.
988  121. Caballero, A. R.; Moreau, J. M.; Engel, L. S.; Marquart, M. E.; Hill, J. M.; O’Callaghan, R.
989 J. Pseudomonas aeruginosa protease 1V enzyme assays and comparison to other Pseudomonas
990 proteases. Anal Biochem 2001, 290, 330-337.
991 122. Howe, T. R.; Iglewski, B. H. Isolation and characterization of alkaline protease-deficient
992 mutant of Pseudomonas aeruginosa in vitro and in a mouse eye model. Infect Immun 1984,
993 43, 1058-1063.
994  123. Essar, D. W.; Eberly, L.; Hadero, A.; Crawford, I. P. Identification and characterization of
995 genes for a second anthranilate synthase in Pseudomonas aeruginosa: interchangeability of
996 the two anthranilate synthases and evolutionary implications. J Bacteriol 1990, 172, 884-900.
997  124. El-Housseiny, G. S.; Aboulwafa, M. M.; Hassouna, N. A. Cytotoxic activities of some
998 Pseudomonas aeruginosa isolates: possible mechanisms and approaches for inhibition. Turk
999 J Biol 2013, 37, 69-80, doi:10.3906/biy-1203-52.
1000  125. Podbielska, A.; Galkowska, H.; Stelmach, E.; Mlynarczyk, G.; Olszewski, W. L. Slime
1001 production by Staphylococcus aureus and Staphylococcus epidermidis strains isolated from
1002 patients with diabetic foot ulcers. Arch Immunol Ther Exp (Warsz.) 2010, 58, 321-324, doi:

1003 10.1007/s00005-010-0079-9.


https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

1004  126. Stephanovic, S.; Vukovic, D.; Dakic, I.; Savic, B.; Svabic-Vlahovic, M. A. Modified
1005 microtiter-plate test for quantification of staphylococcal biofilm formation. J Microbiol
1006 Methods 2000, 40, 175-179.

1007  127. CLSI. Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial
1008 Susceptibility Testing; Twenty second Informational Supplement, M100es22, 2012.

1009  128. WHO. World Health Organization. Critically important antimicrobials for human medicine
1010 — 5th rev. Geneva: World Health Organization; Licence: CC BY-NC-SA3.0 IGO0, 2017.

1011  129. FAO/WHOI/OIE. Joint FAO/WHO/OIE expert meeting on critically important antimicrobials,
1012 in Report of a Meeting Held in FAO (Rome; Geneva: WHO) 2008.

1013  130. WHO. World Health Organization Critically Important Antimicrobials for Human Medicine,
1014 2" Revision. Geneva: Department of Food Safety and Zoonoses, WHO Advisory Group on
1015 Integrated Surveillance of Antimicrobial Resistance (AGISAR) 2009.

1016  131. WHO. World Health Organization. Critically important antimicrobials for human medicine
1017 —3rd rev. ISBN 978 92 4 150448 5 (NLM classification: QV 250) WHO Press, World Health
1018 Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland 2012.

1019  132. Magiorakos, A. P.; Srinivasan, A.; Carey, R. B.; Carmeli, Y.; Falagas, M. E.; Giske, C. G.; et

1020 al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an
1021 international expert proposal for interim standard definitions for acquired resistance. Clin
1022 Microbiol Infect 2012, 18, 268-281, d0i:10.1111/j.1469-0691.2011. 03570.x.

1023  133. Bokaeian, M.; Shahraki Zahedani, S.; Soltanian Bajgiran, M.; Ansari Moghaddam, A.
1024 Frequency of PER, VEB, SHV, TEM and CTX-M Genes in Resistant Strains of Pseudomonas
1025 aeruginosa Producing Extended Spectrum B-Lactamases. Jundishapur J Microbiol 2015, 8,

1026 e13783, http://doi.org/10.5812/jjm.13783.


http://doi.org/10.5812/jjm.13783
https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

1027  134. Pitout, J. D. D.; Hossain, A.; Hanson, N. D. Phenotypic and Molecular Detection of CTX-
1028 M-B-Lactamases Produced by Escherichia coli and Klebsiella spp. J Clin Microbiol 2004, 42,
1029 5715-5721, DOI: 10.1128/JCM.42.12.5715-5721.2004.

1030  135. Sabharwal, N.; Dhall, S.; Chhibber, S.; Harjai, K. Molecular detection of virulence genes as
1031 markers in Pseudomonas aeruginosa isolated from urinary tract infections. Int J Mol
1032 Epidemiol Genet 2014, 5, 125-134.

1033  136. Bradford, P. A. Extended-spectrum B-lactamases in the 21st century: characterization,

1034 epidemiology, and detection of this important resistance threat. Clin Microbiol Rev 2001, 14,
1035 933-951.

1036

1037

1038

1039


https://doi.org/10.20944/preprints201911.0282.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 d0i:10.20944/preprints201911.0282.v1

onam 4——__/
Fefepime /,

Fefriaxone

PC2 (30.3% explained var.)

—-0.3 4

—0.6 -

-0.8 -0.4 0.0
o .
1040 PC1 (37.7% explained var.)

1041  Figure 1. Principal component analysis of isolates. The components are showed by the arrows.
1042  The six components (resistance to Chloramphenicol, Aztreonam, Cefepime and Ceftriaxone, VEB
1043 and CTX-M1 resistance genes) represents 68% of the sample variation. The isolates from P.
1044  putida, P. aeruginosa, P. alkylphenolia and P. flouorescens are represent by colors red, green, blue

1045 and purple, respectively.
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1051 Table 1. List, classification and prioritization of antimicrobials categorized as critically

1052 important in human and veterinary medicine.

1053
Antibiotic Disc Antimicrobial class Medical importance Prioritization
concentration criterion
Gentamycin 10 g Aminoglycosides Critically Important C1,C2,P2,P3
Antimicrobials
Amikacin 30n Aminoglycosides Critically Important C1,C2,P2,P3
Antimicrobials
Cefotaxime 30n Cephalosporins (3rd, 4th Critically Important  C1, C2, P1, P2, P3
and 5th generation) Antimicrobials
Ceftazidime 30p Cephalosporins (3rd, 4th Critically Important  C1, C2, P1, P2, P3
and 5th generation) Antimicrobials
Ceftriaxone 30u Cephalosporins (3rd, 4th Critically Important  C1, C2, P1, P2, P3
and 5th generation) Antimicrobials
Cefepime 30n Cephalosporins (3rd, 4th Critically Important  C1, C2, P1, P2, P3
and 5th generation) Antimicrobials
Imipenem 10 g Carbapenems and other penems Critically Important C1,C2,P1,P2
Antimicrobials
Aztreonam 30 g Monobactams Critically Important C1,C2.P1
Antimicrobials
Ciprofloxacin 5 Quinolones and fluoroquinolones Critically Important  C1, C2, P1, P2, P3
Antimicrobials
Nalidixic acid 30p Quinolones and fluoroquinolones Critically Important  C1, C2, P1, P2, P3
Antimicrobials
Ampicillin 10 g Penicillins Critically Important C1,C2,P2,P3
Antimicrobials
Ampicillin/sulbactam 20p Penicillins Critically Important C1,C2,P2, P3
Antimicrobials
Sulphamethoxazole/Trimethoprim 25 g Sulfonamides, dihydrofolate reductase  Highly Important Antimicrobials C2,NA
inhibitors and combinations
Tetracycline 510 Tetracyclines Highly Important Antimicrobials C1,NA
Chloramphenicol 30 g Amphenicols Highly Important Antimicrobials C2,NA
Cephalothin 30n Cephalosporins (1% generation) Highly Important Antimicrobials C2,NA
1054
1055 Prioritization criterion 1 (P1): High absolute number of people, or high proportion of use in patients with serious infections in health care settings affected by bacterial
1056 diseases for which the antimicrobial class is the sole or one of few alternatives for treating serious infections in humans. Prioritization criterion 2 (P2): High frequency
1057 of use of the antimicrobial class for any indication in human medicine, or high proportion of use in patients with serious infections in health care settings, because use
1058 may favor selection of resistance in both settings. Prioritization criterion 3 (P3): The antimicrobial class is used to treat infections in people for whom there is evidence
1059 of transmission of resistant bacteria (e.g., non-typhoidal Salmonella and Campylobacter spp.) or resistance genes (high for E. coli and Enterococcus spp.) from non-

1060 human sources.
1061 NA: not available

1062 Criterion 1 (C1): The antimicrobial class is the sole, or one of limited available therapies, to treat serious bacterial infections in people. Criterion 2 (C2): The
1063 antimicrobial class is used to treat infections in people caused by either: (1) bacteria that may be transmitted to humans from non-human sources, or (2) bacteria that
1064 may acquire resistance genes from non-human sources.

1065 WHO. World Health Organization. Critically important antimicrobials for human medicine — 5th rev. Geneva: World Health Organization; Licence: CC BY-NC-SA3.0

1066  ico o).
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1067 Table 2. PCR-specific oligonucleotide primers, amplicon size and conditions for the ampC,
1068 class A B-lactamase, quorum sensing and virulence genes
1069
Gene Target Sequence Amplicon Cycle Annealing Conferred Resistance References
Enzyme (s) Size (bp)  Number Temperature (or Purpose)
()
Extended-spectrum Blactamases (ESBLs) belong mostly to class A of the Ambler classification scheme
blaves 5’- CGACTTCCATTTCCCGATGC -3° 643 ESBL enzymes keep
VEB i i
5- GGACTCTGCAACAAATACGC -3’ aptitude o deliberate
penicillins resistance and
blases PER 5'- ATGAATGTCATTATAAAAGC -3’ 925 discuss expanded-
5~ AATTTGGGCTTAGGGCAGAA -3’ spectrum - cephalosporins
- - 60°C resistance. Unaffected
blarem TEM F: 5 GAGTATTCAACATTTCCGTGTC -3 861 45 soc susceptibility for 133 134
5’- TAATCAGTGAGGCACCTATCTC -3’ cephamycins,  cefoxitin, '
136
oty 5 AAGATCCACTATCGCCAGCAG -3 231 & and cefotetan.
blasy 5- ATTCAGTTCCGTTTCCCAGCGG -3’
5'- GACGATGTCATCGGCTGAGC -3’ 499 These enzymes are not
blacrx-wi CTX-M1 V thor hl
5- AGCCGCCGACGCTAATACA -3° ery thoroughly
associated with TEM or
blach_Mz 5'- GCGACCAGGTTAACTACAATCC -3’ 351 SHV B_'actamases in that
CTXM2 S CGGTAGTATTGCCCTTAAGCC 3 35°C they illustrate only about
- - 30 45 sec 40% identity with these
bacrns o ans 5- CGCTTTGCCATGTGCAGCACC -3 307 two frequently isolated -
5'- GCTCAGTACGATCGAGCC -3° lactamases %
Quorum-
Sensing
genes
5 CGTGCTCAAGTGTTCAAGG 3’ Lasl and Rhll are enzymes
lasl Lasl 295 i -
a & 5" TACAGTCGGAAAAGCCCAG 3’ that synthesize the acyl
o HSL signal molecules N-
5’ AAGTGGAAAATTGGAGTGGAG 3’ 60°C 3-oxododecanoy!
lasR 5'GTAGTTGCCGACGACGATGAAG 3° 130 30 1 min homoserine  lactone(3-
- - 0x0-C12-HSL) and
e 5* TGCATTTTATCGATCAGGGC 3 133 butanoy! homoserine
5" CACTTCCTTTTCCAGGACG 3’ lactone (C4-HSL),
5" TCATGGAATTGTCACAACCGC 3' respectively. LasR and 435
rhiAB 151 RhIR are transcriptional
5> ATACGGCAAAATCATGGCAAC 3’ activator  proteins  that
5 TTCATCCTCCTTTAGTCTTCCC 3° exactly connect the signal
- - 60°C created by their cognate
rhil RhI 5" TTCCAGCGATTCAGAGAGC 3 155 35 synthases  to  control
40 sec transcripton  of  target
genes.
Virulence
genes
5> GGAGCGCAACTATCCCACT 3’
toxA 150
5" TGGTAGCCGACGAACACATA 3’
o]
5 GTCGACCAGGCGGCGGAGCAGATA 55°C
aprA 3 993 35 30 sec
5’GCCGAGGCCGCCGTAGAGGATGTC 3’
5" GAAGCCATGGGCTACTTCAA 3’
plcH 307

5> AGAGTGACGAGGAGCGGTAG 3’

1070
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Table 3. Results of phenotypic tests for the investigation of virulence factor production

0

§ Phenotypic Virulence Virulence Quorum sensing

S factors genes genes

3

o

2 Ver

= Blood Elastin Congo red Alkaline protease assay Pyocyanin assay g 8 2 5 g = S 3

= ; cell x 8 © 8 & = § =

< hemolysis assay (PU/mI) (g/ml) > » I — X1 T g =

3 assa

y

aeruginosa B 55 0.65 4.3 ++ - _  _ - _  _
aeruginosa B 6.5 6.4 417 ++ s+ L+
aeruginosa B 7.8 7.6 297 S S
aeruginosa B 8.7 8.7 2.04 ++ - - - _ - - -
aeruginosa B 3.7 7.8 3.19 ++ - -+ o+ 4
aeruginosa B 7.6 6.7 2.86 S
aeruginosa B 5.6 6.7 0.15 ++ - - - - - -
aeruginosa B 7.8 7.8 4.3 ++ - - - - - -
aeruginosa o 7.6 6.4 2.04 ++ [+ o+ o+ o+ 4 4
aeruginosa o 4.8 6.5 2.75 + - - _  _  _  _  _
aeruginosa o 8.6 3.7 1.21 +~+ _  _  _  _  _  _  _
aeruginosa o 5.6 7.4 4.17 I © ° I
fluorescens o 7.6 5.8 4.17 + - -
fluorescens o 44 7.6 4.57 + - - - =BE - - BB -
fluorescens o 34 5.6 2.97 + -
fluorescens a 4.6 7.6 0.86 + S
fluorescens a 3.3 5.0 2.04 + N _ B . .
fluorescens a 6.7 5.4 5.6 + N 2 N e
fluorescens Y 4.6 5.6 1.03 + T
fluorescens Y 6.5 7.6 4.04 + L S
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putida Y 7.7 5.8 8.0 + o+
putida Y 2.3 8.7 7.58 + - - - - . -
putida Y 2.5 5.6 5.92 + - 0
putida Y 3.3 6.5 4.57 + T e o
putida Y 54 3.3 4.3 + .
putida Y 2.3 3.2 2.04 + - - _BEBE - - BB -
f‘i';y'pheno y 43 3.4 43 T P
f‘ig‘y'pheno y 2.6 45 2.04 T .
ﬁﬂ(ylpheno v 45 54 5.92 + I
alkylpheno y 45 54 5.92 + I

lia
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Table 4. QS genes combinations

Number of gene

QS genes combinations o Number of isolates Percentage
combinations
rhlAB None 3 10
rhll None 3 10
lasl None 3 10
lasl, rhIR 2 1 3.3
rhlAB, rhll 2 1 33
lasl, rhlIAB 2 3 10
lasR, rhiR, rhll 3 3 10
lasl, rhIAB, rhil 3 4 13.3
lasl, lasR, rhiR, rhll 4 1 3.3
lasl, lasR, rhiR, rhIAB, rhll 5 1 3.3
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Table 5. Investigation of phenotypic antibacterial resistance and antibiotic resistance genes in fish meat isolates of Pseudomonas

§ Antibiotics o Antibiotic resistance genes

< S

[s) ) 3= ™

3 5 . s 2238 9

= 2 » 5 & z & § 9 1 o & Q & I 35S T 0o o o
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23 = ©§ 8 © % 3 8 3 - = R § ~3 5= 2 T mMm m m X X X

=) = @ ] S Q. S © 3 S ° 5] 153 = = 2 0 @ 1 [ i
Sg & =& & = 2 = =2 2 EI 5% =% < £ 3T ® z =z =Z
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04 02 MB 01
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aeruginosa

aeruginosa
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aeruginosa
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aeruginosa
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aeruginosa

aeruginosa

fluorescens
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S S 0.3 0.1 NBP 0.1 + i + + +

s s 04 02 MB g2 + + o

s s 04 02 MB 51 +

S S 0 0.2 MB 0.1 + + +

fluorescens
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outida s 06 02 MEooa e L e L L L
putida s 03 0.2 ""',B 02  _ + _ + _ + +
Putida S S 04 0.1 NBP 01  _ _ _ _ _ + +
Putida S S 0.4 0.2 N||>B 0.2 - W * - + - -
Putida S S 0.6 0.2 N||>B 0.1 > - * - + - *

:Ikylphenoli S S 0.6 0.2 N;,B 0.2 + _ _ + - - -

:Ikylphenoli S S 06 0.1 NBP 0.1 _ _ _ _ _ _ _

alTahenol s s os 02 M¥ oo o L & s

alkylphenoli S S 0.6 0.2 MB 0.1

Ampicillin (10 pg), Amikacin (30 pg), Aztreonam (30 pg), Chloramphenicol (30 pg), Cefotaxime (30 ug), Ceftazidime (30 pg), Ceftriaxone (30 ug), Cephalothin
(30 pg), Ciprofloxacin (5 ug), Cefepime (30 pg), Gentamicin (10 pg), Sulphamethoxazole/Trimethoprim (25 pg), Ampicillin/sulbactam (20 pg), Nalidixic acid (30
ug), Imipenem (10 pg), Tetracycline (5 pg)

NBP: non biofilm producer

MBP: moderate biofilm producer

MTP: Microtiter plate assay
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Table 6. Antimicrobial resistance profiles of Pseudomonas spp. isolated from fish meat to various antibiotics

n= of n=of n= of n=of XDR n=of MDR n=of PDR
Antibiotics anti;iotics antibiotic Pseudomonas Pseudomonas Pseudomonas Pseudomonas
classes isolates isolates isolates isolates

AMP, ATM

SXT, TE, AMP, NA

SXT, TE, AMP, NA, CIP

SXT, TE, AMP, NA, CIP, CAZ

SXT, TE, AMP, NA, CIP, CTX

SXT, TE, AMP, NA, CIP, KF

AMP, NA, C, CIP, ATM, SAM

SXT, TE, AMP, NA, C, CIP

SXT, TE, AMP, NA, C, CIP, KF

SXT, TE, AMP, NA, CIP, SAM, KF

SXT, IPM, TE, AMP, NA, CIP, SAM

SXT, TE, AMP, NA, C, CIP, SAM, KF

SXT, TE, AMP, NA, CIP, SAM, CRO, KF

SXT, TE, AMP, NA, CIP, SAM, KF, FEP

SXT, TE, AMP, NA, CIP, ATM, FEP, CRO, KF

SXT, TE, AMP, NA, C, CN, CIP, ATM, KF, CAZ

SXT, TE, AMP, NA, CIP, ATM, SAM, FEP, CRO, KF

SXT, TE, AMP, NA, C, CIP, ATM, FEP, CRO, KF

SXT, TE, AMP, NA, CIP, ATM, SAM, FEP, CRO, KF, CTX
SXT, IPM, TE, AMP, NA, C, CIP, ATM, CAZ, FEP, CRO, KF

O ||| N|N|N[fojojojlojo|u| BN

[EY
o

[EY
o

[EY
o

[EEN
[EEN

ool DD DPDPE
RlRrN R R RP|RPrRPRRNN RN R RS-
o|lo|o|lo|lo|lo|lo|o|o|o|o|o|o|o|lo|o|o|o|o|r
NI R R Y I EY I N R R Y R =)
o|lo|lo|lo|lo|lo|lo|o|o|o|o|o|o|olo|o| oo oo

[y
N

AMP: Ampicillin, AK: Amikacin, ATM: Aztreonam, C: Chloramphenicol, CTX: Cefotaxime, CAZ: Ceftazidime, CRO: Ceftriaxone, KF:
Cephalothin, CIP: Ciprofloxacin, FEP: Cefepime, CN: Gentamicin, SXT: Sulphamethoxazole/Trimethoprim, SAM: Ampicillin/sulbactam, NA:
Nalidixic acid, IPM: Imipenem, TE: Tetracycline
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Table 7. The correlation between the production of QS-dependent virulence factors and antimicrobial susceptibility in fish meat isolates of
Pseudomonas (n = 30)

Rates of resistance to antimicrobials (%0)

%) >
—|% = (:?' @) 'g
=3 > 3 o > ) S Q@ 4 S, o Q g Q 8
23 3 E 5 3 = 2 2 3 = = e = 3T ) =
= = £ 8 =3 =3 3 g = @ = @ S 2 g S
sz & 3z 32 & & 5 3 ¢ s gz T & g E &g
¢ 5 % 5 5§ &z g &g & B =z 3 § 2 3 3
3N ® g 5 S 2 2 > = ® ®
T - 3
Elastin
Congo 93.3 0 33 9.7 100 9.7 40 33 967 267 30 233 233 567 267 267
red
Alkaline g5 5 0 33 967 100 967 40 33 967 267 30 233 233 567 267 267
protease

Pyocyanin 93.3 0 33 967 100 96.7 40 3.3 96.7 26.7 30 233 233 567 267 26.7
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Table 8. Association between Antibiotic Resistance Extended-spectrum Blactamases, Virulence and QS genes.

B Antibiotic resistance genes Virulence genes Quorum sensing genes
o<
E = =2 o o = = = o o - - = 3
23 g & & & g g g g g = & & = 3 3
3 :d ¢ 4 ¢ : > = £ = = 3 g =
B s 5z
aeruginosa + _ _ + _ _ _ _ _ _ _ _ _ i
aeruginosa _ _ _ _ _ _ + _ _ + + _ + _ _
aeruginosa _ + _ _ _ + + + + + _ + + _ +
aeruginosa o o _ _ _ + _ _ _ _ _ _ _ _ _
aeruginosa _ _ _ + _ + _ _ _ _ _ + + _ +
aeruginosa + _ _ _ _ _ + + _ _ + _ _ + i
aeruginosa _ + _ + _ _ _ _ _ _ _ _ _ _ _
aeruginosa _ _ _ _ + _ _ _ _ _ _ _ _ _ _
aeruginosa _ _ + + _ _ -+ + -+ + -+ _ _ + +
aeruginosa T _ i _ _ + + _ _ _ _ _ _ — —
aeruginosa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
aeruginosa _ _ _ _ _ _ _ _ + + + _ _ + +
fluorescens _ _ _ + _ _ _ _ _ _ _ _ _ _ _
fluorescens _ _ _ _ _ _ + _ _ _ + _ _ + _
fluorescens + + + _ _ + + _ _ _ _ _ _ _ i
fluorescens _ + _ + _ + _ _ _ _ + + + _ +
fluorescens _ _ _ _ + _ _ + _ + _ + + _ +
fluorescens + _ + _ _ _ + _ + + _ _ _ + _
fluorescens _ + _ + _ _ + _ B B + + + + +
fluorescens + _ _ + _ _ _ + + + + _ _ + _
Putida _ _ _ T _ _ _ + _ _ _ _ _ + +
Putida + _ + _ _ _ + _ _ _ _ _ + _
Putida + + + + + + +

Putida + + + + +
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Putida _ + + _ + _ _ _ _ _ _ _ _ _ _
Putida + _ + _ + _ + _ _ _ + - - N _
alkylphenolia + _ _ + _ _ _ _ + _ - _ - - i
alkylphenolia _ _ _ _ _ _ _ _ _ _ + _ _ _ _
alkylphenolia _ _ + + _ _ _ _ _ + _ _ — — _

alkylphenolia +
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