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bacteria were isolated from 30 samples each of industrial, hospital and domestic effluents. The
antimicrobial susceptibility of the 367 isolates from 90 effluent samples was determined by disc
diffusion test and presence of antimicrobial resistance genes by polymerase chain reaction.
Resistance to ampicillin was 62% in hospital effluents and was higher than that recorded for
industrial and domestic effluents. While the highest percentage of resistance to tetracycline
was observed in isolates from industrial effluents (42%) a low of 9.5% was observed in hospital
effluents. Antimicrobial resistance determinants present on mobile genetic elements were
observed in a small fraction (~10%) of the resistant isolates. The resistance profile of isolates in
effluents reflect the practices of different industries. Resistant isolates in domestic effluents
could be a reflection of the indiscriminate use of antibiotics andthat many of the contents of
disinfectants and cleaning agents routinely used may contain structural analogs of
antimicrobials used in therapy. Though by phenotypic test a higher prevalence of antimicrobial
resistance was recorded the genotypic study revealed the prevalence to be low. This could be
due to the limited number of antimicrobial resistance genes included in this study.

resistance, determinants

Access this article online
Quick Response Code

Introduction

Antibiotic resistance (AR) has escalated to one of the top
health challenges that the world is presently facing. The
overuse, inappropriate use and disposal of antibiotics for
nonbacterial infections in communities and inadequate
antibiotic stewardship in the healthcare facilities are
among the prime reasons for the looming increase in the
number and diversity of antimicrobial resistance
observed'. Antibiotic use in agricultural practices and food
animals is also a significant contributor to this global
problem’.

The presence of antibiotics, antimicrobial resistant
bacteria(ARB) and antimicrobial resistance
determinants(ARDs) in the same setting creates an
environment that selects for AR and provides an

opportunity for genetic material housing ARDs to transfer

between bacterial species via horizontal gene transfer’.
Mobile genetic elements like plasmids, transposons, and
bacterio phages promote horizontal gene transfer and
facilitate the spread of antibiotic-resistance genes.
Wastewater or effluents are the downstream sinks for all
human practices and are therefore become reservoirs of
bacteria and antibiotic resistance genes. These
environments are hence pivotal in the dissemination of
resistance genes.

Many studies that have attempted to study ARBs in
wastewaters have been biased towards specific cultivable
pathogenic or environmental species. The actual amount
of resistance genes present in a given sample is hence
underestimated. On the other hand, qualitative detection
and quantitative methods by polymerase chain reaction
(PCR) used to investigate resistance genes in the microbial
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community in effluent waters do not give information on
the species involved in harbouring and spreading the
resistance genes’. Studies have linked the presence of ARBs
in wastewaters to those of clinical importance and vice
versa.

The objective of this study was to estimate the
antimicrobial resistance burden of Gram negative bacteria
in effluents which would give qualitative and quantitative
information.

Materials and Methods

Samples: Grab samples of effluents from food processing
industries, domestic and hospital effluents, were collected
in sterile capped bottled at random time points (July 2014
to July 2016) from various locations in and around the
coastal regions of Karnataka, India. The processing in the
laboratory was generally within 4 hours of collection.

Bacterial isolates: Standard procedures for isolation of
Vibrio spp, Pseudomonasspp. and Enterobacteriaceae
members E. coli , Klebsiella spp., Enterobacter spp. and
Salmonella spp., were followed’.For all the isolation
dehydrated culture media ( HiMedia Laboratories
,India)was employed.

5ml of the sample was inoculated into 45mL of sterile
lactose broth and 45mL of sterile alkaline peptone water
(APW)in flasks and incubated at 37°C and 30°C respectively
for overnight enrichment. Serial tenfold dilutions of the
enriched broth was prepared in physiological saline and
100pL of each dilutions was spread on the surface of
selective solid agar. Inoculum from lactose broth was
spread on MacConkey agar and from APW on thio sulphate
citrate bile salts (TCBS) agar and incubated at 37°C and 30°C
respectively for 18 to 24 hours. 1ml of the enrichment in
lactose broth was inoculated into Selenite cysteine broth
and tetrathionate C V media for a second selective
enrichment of Salmonella. Tubes were incubated at 37°C
for 12 to 18 hours and then plated onto xylose lactose
deoxycholate agar and bismuth sulphite agar respectively.

For isolation of Pseudomonas spp. samples were spread
plated directly on cetrimide agar.
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Typical colonies were picked in each case and purified on
nutrient agar. Isolated colonies were subjected to a battery
of biochemical test and this was complemented with PCR
based methods for genotypic identification of E. coli,
Salmonella and Vibriospecies®™®. The reaction mixture
consisted of 3pl of 10x buffer, 2.5uM each of the four deoxy
nucleotide triphosphates (ANTPs), 1ul of each primer and
0.3ul of Taq polymerase, 2l of DNA template and volume
made up to 30 pl with nuclease free water. The PCR was
performed in a programmable thermocycler (Applied bio-
systems, USA). Primers and annealing temperatures used
are listed in table 1.The products were resolved by
horizontal electrophoresis in a 1.5% agarose gel and
analysed in agel documentation system (Bio-Rad, USA).

Antimicrobial susceptibility test: Antimicrobial
susceptibility test was carried out by disk diffusion method
for antibiotics representing the major classes like
penicillins (ampicillin 10 pg, piperacillin/ tazobactam
100/10pg), cephalosporins (cefotaxime 30ug),
aminoglycosides (gentamicin 10 pg), quinolones (nalidixic
acid 30ug, ciprofloxacin 5 ug), chloramphenicol 30 g,
tetracycline 30ug, nitrofurantoin 300ug, sulphonamides
(co-trimoxazole 25 ug)and carbapenems (imipenem 10ug,
meropenem 10ug) as per Clinical Laboratory Standards
International (CLSI) guidelines 2012. Commercial
antimicrobial discs (HiMedia Laboratories, India were used
for the test.

PCR based screening of antimicrobial resistance
determinants (ARDs) was performed and products
analysed as described earlier. Primers and annealing
temperaturesused are listed in table 1.

Statistical analysis: One way ANOVA was applied to
compare the quantification of antimicrobial resistant
bacteria from different origin‘ andp< 0.05 was considered
significant.

Results

367 Gram negative bacteria were isolated from 90 samples
of which 125 were from industrial effluents, 116 from
domestic effluents and 126 from hospital effluents.51
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isolates were identified as E. coli, 40 each as Vibrio and
Citrobacter, 29 as Pseudomonas, 91 as Proteus, 15 as
Klebsiella and 11 as Enterobacterbased on biochemical
characterisation. In case of E. coli, Salmonella and Vibrio
parahaemolyticus, the phenotypic identification was
complemented by PCR based confirmation for uidA, invA
and tlh genes respectively.62 isolates were not identified
up to the genus level as they did not show typical reactions
of the major genera considered in this study. The
distribution of identified generais depictedin figure 1.

The antimicrobial susceptibility was tested by the disc
diffusion method as per CLSI guidelines and the resistance
pattern observed isdepictedin figure 2.Highest percentage
of antimicrobial resistance was observed in hospital
effluents with 78 of 126 (62%) isolates being resistant to
ampicillin, 53 and 34 of 125 isolates from industrial
effluents showed resistance to tetracycline and nitro
furantoin respectively. The resistance observed was at a
higher frequency as compared to hospital effluent isolates
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(12 of 126).It was significant to note that all isolates from
industrial effluents were sensitive to ciprofloxacin while 48
(38%) from hospital effluent were resistant to the same.

Presence of seventeen different ARD was tested by PCR.
Though phenotypic resistance to any of the twelve
antibiotics tested was observed in a minimum 4 isolates
the number of resistant isolates carrying ARDs was low. The
ARDs bla,,,,, bla,,and tetD were observed in 2, 5 and 1
isolate from industrial effluents respectively.The ESBL
encoding bla,,, was detected in 11 isolates and bla,,, in 2
from domestic effluents. Sul genes that encode for
sulphonamide resistance were present in 9 isolates from
domestic effluents and in30 from hospital effluents. bla.,,
wand bla,.,, were observed in 14 isolates each from hospital

effluentsand NDM-1 was observedin 4 isolates.

The number of resistant bacteria isolated from different
effluents was significantly different as tested by ANOVA.
The f-ratio value was 3.47752 and p-value 0.042614.

Table 1 : Primers used in this study

Target gene Function Annealing Amplicon Reference
temperature size (bp)
uidA Beta glucoronidasespecific forE.coli 63°C 146 6
invA Salmonella specific invasin 64 °C 284 7
Tlh V.parahaemolyticusthermolabile haemolysin 63°C 450 8
bla,, Beta lactamase 63°C 569 9
blag, - Beta lactamase 60°C 356 9
tetA Tetracyline resistance 55°C 494 10
tetB Tetracyline resistance 55°C 571 10
tetC Tetracyline resistance 55°C 418 10
tetD Tetracyline resistance 55°C 546 10
tetE Tetracyline resistance 55°C 544 10
tetG Tetracyline resistance 55°C 550 10
sul | Sulphonamide resistance 55°C 425 10
sulll Sulphonamide resistance 55°C 435 10
sul 1l Sulphonamide resistance 55°C 792 10
gnrA Quinolone resistance 53°C 516 11
gnrB Quinolone resistance 53°C 469 11
gnrS Quinolone resistance 53°C 417 11
gepA Quinolone resistance 60 °C 403 12
NDM-1 Beta lactamase 60 °C 621 13
aac(6")-Ib-cr Multi drug resistance 57 °C 482 14
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Figure 1 : Gram negative bacteria isolated from effluents

Discussion

Wastewater can be a potential source of pathogenic
resistance determinant carrying bacteria. Traces of
antibiotics in urine, faeces, as well as improperly discarded
antibiotics get channelled into effluents especially in the
domestic and hospital sector. Wastewater treatment does
not ensure complete biodegradation of all antibiotics and
hence these downstream environments provide for a
suitable means of accumulation and dissemination of

15-17

antimicrobial resistance ~.

Studies comparing antibiotic resistant bacteria and their
resistance genes in municipal and hospital wastewaters
have reported that municipal wastes and hospital effluents
as carriers of identical load of ARBs™.In this study however,
asignificant difference (p<0.05) in the number of ARB from
different effluents was observed. While we have isolated
bacteria and then screened for antimicrobial resistance the
mentioned study had determined counts on antibiotic
containing medium which may be the reason for
differences observed.

The resistance profile of isolates in effluents reflect the
practices of different industries. A high degree of resistance
to most of the antibiotic tested was observed in hospital
effluents. Nalidixic acid, ciprofloxacin, ampicillin and
cefotaxime are frequently used in infection treatment and
hence the resistance to these antibiotics in hospital
effluent was far greater than those observed in other
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Figure 2 : AMR isolates in different effluents

effluents tested. The frequency of resistance to
tetracycline and nitrofurantoin in industrial effluents was
the highest of all effluent types which may be a reflection
of the practices in the related production sources. The
fluoroquinolones, p-lactams, sulphonamides, and
tetracyclines are reported to be used in animal husbandry
as growth promoters™. Tetracyclines are among the most
frequently and extensively used antibiotics in livestock and
poultry worldwide®. The wide-spread use of nitrofurans in
poultry industry has been reported and it has been
suggested that the positive pressure by this antimicrobial
might also be involved in the selection and persistence of
Salmonellain animals used for food production®.

A high incidence of resistant isolates in domestic effluents
in this study reflects purchase and use of antibiotics across
the counter. Further, many disinfectants and cleaning
agents routinely used have in them compounds which may
act as structural analogs of antimicrobials used in
therapy®”. The
determinants could be due to the limited number of ARDs

low incidence of the resistance
tested as against the diversity of genes and factors that are
responsible for antimicrobial resistance.

Conclusion

Studies on antimicrobial resistance in effluents have
generally looked into the quantification of resistance
determinants or diversity of bacteria in effluents. We have
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expanded the perspective of such studies in looking into
many bacterial genera and resistance determinants in
effluents simultaneously. The data thus generated can be
used to suggest the implementation of antimicrobial usage
inall sectors such as domestic, industrial and hospital front.
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