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Abstract

In recent years, because of excessive and unregulated use of antibiotics, the threat of acquisition

of antibiotic resistance by pathogens is growing. Hospitals are hotspots for antimicrobial-
resistant bacteria (ARB) and will be ejected from hospitals via wastewater systems. The aim of
this study was the frequency assay of gnr plasmid’s genes in quinolone resistant
Entrobacteriaceae strains isolated from urban and hospital wastewaters. A total of 99
Entrobacteriaceae strains were isolated from urban and hospital wastewater in Alborz province
during the spring of 2019. Bacterial strains were identified by standard microbiological and
biochemical tests. The antimicrobial susceptibility test to ciprofloxain, levofloxacin, ofloxacin,
norfloxacine and nalidxic acid was determined by Kirby-Bauer method and the frequency of
quinolone resistance genes (gnrA, gnrB, gnrS) was investigated by PCR. Among the organisms
cultured, Escherichia coli was the most common organism followed by Escherichia coli
(inactive) and Citrobacter freundii. The most antibiotic resistance was observed against nalidixic
acid. Most of the isolates (61%) harboured the gnrA gene. gnrB and gnrS genes were found in
31% and 8% of isolates respectively. One isolate has both gnrA and gnrB genes. Most of the
strains that contain gnrA and gnrB genes were isolated from hospital and urban wastewater
respectively. Antimicrobial resistance should now be seen as an environmental pollutant and
new wastewater treatment processes must be assessed for their capability in eliminating
antimicrobial-resistant bacteria, especially from hospital effluents. Also, unregulated use of
antibiotics should be stopped.
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Table 1. The primer sequence of resistance genes gnr A, gnr B, gnr S

Gene name Primer sequence(5'to3") Water/tube(ul) amp]lfizglelcsti‘;g(bp)
gnr A F: ATTTCTCACGCCAGGATTTG 189.87 1
R: GATCGGCAAAGGTTAGGTCA 132.93
gqnr B F:GTTGGCGAAAAAATTGACAGAA 120.60 469
R:ACTCCGAATTGGTCAGATCG 161.84
qnr S F:ACGACATTCGTCAACTGCAA 108.73 417
R:TTAATTGGCACCCTGTAGGC 189.10
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Table 3. Percentage of each isolate from the total identified bacteria and the number of isolates resistant to each
bacterium; NA: Nalidixic acid, NOR: Neurofloxacin, OFX: Ofloxacin, CP: Ciprofloxacin, LEV: Levofloxacin

Percentage of total

Number of isolates resistant to each

Isolates name isolates antibiotic

NA NOR OFX CP LEV
Escherichia coli 52.52% 31 12 11 11 8
Escherichia coli(Inactive) 14.14% 8 3 3 3 3
Klebsiella oxytoca 1.01% _ _ _ _ _
Citrobacter freundii 10.10% 10 2 1 3 1
Klebsiella pneumoniae 5.05% 1 1 1 1 1
Citrobacter amalonaticus 2.02% 2 _ _ _ _
Citrobacter diversus 3.03% 2 _ _ _ _
Providencia rettgeri 1.01% 1 _ _ _ _
Enterobacter cloacae 4.04% _ _ _ _ _
Serratia marcescens 1.01% _ _ _ _ _
Morganella morganii 6.06% 5 4 4 4 4
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Table 4. Variety and percentage of isolated bacteria separated by the centers under study

Centers studied in this study

N bad Azimieh-
Isolates name Madani .. . Alborz azaraba Gohardasht
q Rajai hospital 3 Water
hospital hospital Water
treatment
treatment
Escherichia coli 50% 57% 45% 58% 60%
Escherichia coli(Inactive) 39% 22% 10% _ 20%
Klebsiella oxytoca _ 7% _ _ -
Citrobacter freundii _ _ 29% 3% _
Klebsiella pneumoniae 5% 7% _ 10% _
Citrobacter amalonaticus _ _ 7% 3% _
Citrobacter diversus _ _ 6% _ 20%
Providencia rettgeri _ _ 3% _ _
Enterobacter cloacae 6% _ _ 10% _
Serratia marcescens _ _ _ _ _
Morganella morganii _ 7% _ 16% _
60 1 Madani Hospital 25 1 Shahid Rejaei Hospital
m Escherichia coli & Escherichia coli (Inactive) m Escherichia coli
@ 50 @ 20 # Escherichia coli (Inactive)
< < 7 Klebsiella pneumoniae
-3 %)
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Fig. 2. Percentage of bacteria resistant to the total
number of bacteria isolated from Madani Hospital, NA:
Nalidixic acid, NOR: Neurofloxacin, OFX: Ofloxacin,

CP: Ciprofloxacin, LEV: Levofloxacin
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Fig. 1. Percentage of bacteria resistant to the total
number of bacteria isolated from Rajai Hospital, NA:
Nalidixic acid, NOR: Neurofloxacin, OFX: Ofloxacin,
CP: Ciprofloxacin, LEV: Levofloxacin
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Fig. 4. Percentage of bacteria resistant to the total
number of bacteria isolated from Water treatment
Azimieh-Gohardasht, NA: Nalidixic acid,
NOR: Neurofloxacin, OFX: Ofloxacin,

CP: Ciprofloxacin, LEV: Levofloxacin
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Fig. 5. Percentage of bacteria resistant to the total
number of bacteria isolated from Water treatment
Nazarabad; NA: Nalidixic acid, NOR: Neurofloxacin,
OFX: Ofloxacin, CP: Ciprofloxacin, LEV: Levofloxacin
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Fig. 3. Percentage of bacteria resistant to the total
number of bacteria isolated from Alborz Hospital, NA:
Nalidixic acid, NOR: Neurofloxacin, OFX: Ofloxacin,

CP: Ciprofloxacin, LEV: Levofloxacin
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Fig. 6. Results for gnr A and gnr B resistance genes in Section A: From left to right in the upper half of the gel, the
wells include: weight molecule index, positive control, code for resistant isolates isolated from antibiogram test,
negative bacterial sample, and in the last well negative control (distilled water). In the lower half of the gel, the wells
include: weight molecule index, positive control, resistant isolates isolated from antibiogram test and negative bacterial
sample, and in the last well of negative control (distilled water). In the figure, the location of the desired band is
determined and where the samples were in front of it, the result is positive. Results of gnr S resistance genes in Section
B. From left to right in the lower half of the wells gel includes: weight molecule index, isolating sample and in the last
well negative control (distilled water)
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Table 5. Percentage of bacterial diversity containing gnr genes

Gene name Percentage diversity of identified isolates
qnr A Escherichia coli (50%), Morganella morganii (37%), Escherichia coli (Inactive)(13%)
gnr B Escherichia coli (Inactive) (50%), Klebsiella pneumonia (25%), Escherichia coli (25%)
gnr S Citrobacter freundii(just one isolate)
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