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ABSTRACT

Waste water originated from domestic and industrial discharge. External contact and ingestion of bacteria from fecal contamination can cause
disturbance in Health. E.coli is one of most common bacteria in human intestinal tract. It is known as fecal contaminant in water and food. The
bacterium E.coli is one of the best free living microorganisms. E.coli is not a pathogenic but occasionally it causes traveler's diarrhea, food born
disease and urinary tract infection. Due to various hazardous effluents mixed in the water this common bacterium is showing multidrug resistance
property which is great risk for human health, in this context we isolates 25 E. coli bacterial isolates and identified it as drug resistance bacteria
against six antibiotics.
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INTRODUCTION

Water is essential for known life. Water is important component of cell
and is essential solvent on earth to survive life. Living system
composed of cells and cells contain cytoplasm. Cytoplasm contains
80% of water. A normal body contains 42 liters of water. The above
facts indicate that the water is essential for living systems. Water is
universal solvent, which dissolve organic, inorganic compound and
gases which participates in metabolic process of cells. Water in the
cells stabilized the plasma membrane, thermoregulation, homeostasis,
nutrient transport (Sawka et al., 2005). Scientific reports suggest that
the agriculture and veterinary application of antimicrobial compound
is one of the sources of antimicrobial resistance of bacteria in the
environment. (Gellin ez al., 1989, Molbak, K. 2004).

The appearance of antibiotic resistance microbes in the environment
basically from the waste water have a great risk to incorporate these
organism in the food chain (Van den Bogaard et al., 2000). Genetic
elements like Transposons, plasmid, integrons, and bacteriophage play
an important role in antibiotic resistance. All contributes the spreading
of antibiotic resistance in different environments (Caratolli A. 2009;
Molbak, K. 2004; Stokes et al., 1989). Resistance isolates are more
common in long term care residents than in the general. Antibiotic
resistance in bacterial isolates has forced to scientific community to
established some alternative approaches to control this problem , in
this regards bacteriophage is one of the good alternative strategies
which couse lysis or death of the host cells is different from mechanism
ofantibiotics (Jamala M et al., 2015).

E.coli strains are of biological significance for humans. On the basis of
genetic and clinical criteria E. coli can be broadly classified in to three
major groups: commensal E.coli, intestinal pathogenic diarrhea genic
E.coli, and extra intestinal pathogenic E.coli (ExPEC).

Contaminated drinking water invites various water borne diseases.
The contamination of drinking water can be considered as presences of
E. coli which indicate the fecal contamination (Orskov and orskov,
1992). Escherichia coli (E. coli) was first described by a pediatrician
“Theodor Escherich” later it was renamed as E. coli in his honor
(Kaper et al., 2004). E.coli belongs to Enterobacteriaceae that are
anaerobic, facultative and gram-negative rods that live in the intestinal
tracts of animals and humans. Gram negative bacteria possess an extra
cytoplasmic outer membrane that consists of a lipid bilayer,
lipoproteins, and capsule of lipopolysaccharide (LPS). The outer
membrane interfaces with the bacterial and host environment. A
variety of components of the outer membrane are critical determinants
in antimicrobial resistance and pathogenesis (Russo and Johnson,
2005). Drug-resistance Escherichia coli isolates may constitute a
significant reservoir of antibiotic resistance determinants which can
spread to those bacteria pathogenic for animals and/or humans. For

this reason, the reported emergence of resistance to new drugs such as
extended-spectrum f-lactam and Fluoroquinolones (FQs) is of
particular concern to both animal and public health alike. The potential
for transmission of E. coli clones between different animal hosts and
humans has been documented by various workers (Chopra et al.,
2001: Kummerer, 2004).

METHODOLOGY

SAMPLES COLLECTION

Samples were collected applying the following protocol. Total five
water sample were collected from different sites of industrial area of
Rampur. Industrial waste water was collected in sterile container from
the six inches beneath the surface of water from industrial area,
Rampur at different sites. Before the collection of water samples we
ensured the Ph and salinity of water samples. Other fine particles
present in water samples wait to be settled down before the serial
dilution process. The water was then placed at -20 °C.

ISOLATION OF DRUG RESISTANCE BACTERIAL
ISOLATES

Isolation of bacteria were done by serial dilution agar plate method by
the following methods One ml of each water samples were dissolved in
nine ml of sterile water and mixed thoroughly. The supernatant of this
suspension was used further. Iml of suspension was transferred to 9ml
of sterile distilled water to get serially diluted 10"to 10°*. Then 0.1 ml of
suspension was spreaded on the surface of EMB agar (10”) with the
help of spreader. Nutrient agar plates were incubated at 37 °C for 28-
32 hours. Individually each isolates treated with antibiotics for
detection of MDR property as method described by (Pandey et al.,
2011).

PURE CULTURE MAINTENANCE BY STREAK PLATE
TECHNIQUE

The single colonies of pure culture were maintained by Streak plate
methods by the following process. Inoculating loop was sterilized by
putting it in flame till red hot After cooling down, it was dipped into
95% ethyl alcohol and further heated for proper sterilization.
Distinguished colonies from spread plate were further streaked over
EMB Agar plate surface by sterilized inoculating loop. These were the
incubated for 28-32 hours at 32°C.

BIOCHEMICAL CHARACTERIZATION

Biochemical characteristics of bacterial isolates were studied by
performing:- Indole production test , Methyl-Red and Vogues-
Proskauer (MRVP) test Citrate utilization test

MINIMUM INHIBITORY CONCENTRATION (MIC) OF
ANTIBIOTICS
The lowest concentration of antibiotics which inhibit the growth of
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bacteria as well as other organism is known as Minimum Inhibitory
Concentration. Minimum inhibitory concentration of antibiotics was
identified by the spot inoculation methods. Antibiotics plates were
prepare at varying concentration of 1 to 0.3125 mg/30ml. Spot
inoculations were performed with the help of sterilized loop of
different multidrug resistance isolates as described by Shafiani and
Malik, 2003. Commercial grade of antibiotics (Tetracycline,
Amoxicillin, Erythromycin Ciprofloxacin, Cefadroxil, Doxycycline,
Azithromycin, Cephalexin, Ampicillin) were used. Concentration of
the antibiotics was calculated on the basis of dilution methods. Stock
solutions of the antibiotics were prepared in distilled water and then
supplemented in Nutrient Agar in such manner where concentration of
antibiotics varying 1 to 0.3125 mg/30ml in a plates. After spot
inoculation each plate were incubated at 32°C for 28-32 hours.

RESULLTAND DISCUSSION

1) Total five water sample were collected from different sites of
industrial area of Rampur. 25 pure colonies of E. coli were
selected for antibiotic resistance and cultured on EMB agar plates.
The Texture (surface) was smooth and the appearance of E.coli
was shiny.

2) The single colonies of pure culture were maintained by Streak
plate methods. A total 25 (E.coli) bacterial isolates were showed
rod shaped and gram negative in morphology. Identification was
based on the morphological and biochemical characterization
using conventional technique according to Bergey's manual of
determinative Bacteriology (Table 1& 2).

3) All isolates showing green metallic sheen on EMB plates and
positive for Indole and methyl red. Isololates was identified as an
E.coli based on comparison of these characters with standard
description in Bergey's manual of determinative bacteriology.

4) Minimum inhibitory concentration of antibiotics against different
multidrug resistance bacterial isolates was done by spot
inoculation methods in which we prepared different concentration
of antibiotics plates varies from 1 to 0.3125 mg/30ml. Spot
inoculations were performed with the help of sterilized loop.

5)  Commercial grade of antibiotics (Tetracycline, Amoxicillin,
Erythromycin Ciprofloxacin, Cefadroxil, Doxycycline,
Azithromycin, Cephalexin and Ampicillin) were used for MIC
determination.

Concentration of the antibiotics was calculated on the basis of dilution
methods. We used varied concentration of antibiotics (Img \ml,
0.5mg\ml,0.25mg\ml,0.125mg\ml, 0.0625mg\ml, 0.03125mg\ml) for
MIC determination of E.coli. For Tetracycline we found all isolates
were inhibited at] mg\ml concentration of antibiotics. In Ampicillin
only 28% of'isolates were showing 1mg\ml MIC. Doxycycline showed
the MIC pattern similar with Tetracycline. Cephalexin showed the
Maximum MIC (32%) at 1 mg \ml. Cefadroxil also showed the similar
pattern of MIC of E.coli as seen in Cephalexin. Ciprofloxacin,
Tetracycline and Ampicillin were showing more or less similar MIC
pattern. Azithromycin was showing the maximum MIC (52%) at 1
mg\ml and minimum MIC (8%) at 0.25 mg\m

Table 2: Minimum inhibitory concentration of antibiotics under the influence of different E.coli isolates

Figl: Pureisolates of different E. coli

Table 1: Biochemical Characterization Isolates Obtained From
Industrial Effluent

Isolate |Indole| Methyl | Vogues- Simmons Test
Test [Red Test| Proskeur Ammonium| Ammonium
Test Citrate test |Acetate Test

Isolatel | +ve +ve +ve +ve -ve
Isolate2 | +ve +ve +ve +ve -ve
Isolate3 | +ve +ve +ve +ve -ve
Isolated4 | +ve +ve +ve +ve -ve
Isolate5 | +ve +ve +ve +ve -ve
Isolate6 | +ve +ve +ve +ve -ve
Isolate7 | +ve +ve +ve +ve -ve
Isolate8 | +ve +ve +ve +ve -ve
Isolate9 | +ve +ve +ve +ve -ve
Isolate10| +ve +ve +ve +ve -ve
Isolatell| +ve +ve +ve +ve -ve
Isolate12| +ve +ve +ve +ve -ve
Isolate13| +ve +ve +ve +ve -ve
Isolatel4| +ve +ve +ve +ve -ve
Isolatel5| +ve +ve +ve +ve -ve
Isolate16| +ve +ve +ve +ve -ve
Isolatel7| +ve +ve +ve +ve -ve
Isolate18| +ve +ve +ve +ve -ve
Isolate19| +ve +ve +ve +ve -ve
Isolate20| +ve +ve +ve +ve -ve
Isolate21| +ve +ve +ve +ve -ve
Isolate22| +ve +ve +ve +ve -ve
Isolate23| +ve +ve +ve +ve -ve
Isolate24| +ve +ve +ve +ve -ve
Isolate25| +ve +ve +ve +ve -ve

Antibiotics Total percent of isolates being inhibited/ resistance against different Antibiotics
Tetracycline MIC(mg/ml) 1 0.5 0.25 0.125 0.625 0.3125
No of isolates 25(100%) 21(84%) 10(40%) 1 _ _
being inhibited
Ampicillin MIC(mg/ml) 1 0.5 0.25 0.125 0.0625 0.03125
No of isolates 7(28%) _ _ _ _ _
being inhibited
Doxycycline MIC(mg/ml) 1 0.5 0.25 0.125 0.0625 0.03125
No of isolates 24(96%) 7(28%) 6(24%) 4(16%) | 3(12%) _
being inhibited
Cephalexin MIC(mg/ml) 1 0.5 0.25 0.125 0.0625 0.03125
No of isolates 8(32%) 4(16%) 2(8%) 2(8%) 3(12%) _
being inhibited
Cefadroxil MIC(mg/ml) 1 0.5 0.25 0.125 0.0625 0.03125
No of isolates 11(44%) 5(20%) 5(20%) 5(20%) | 3(12%) _
being inhibited
Ciprofloxacin MIC(mg/ml) 1 0.5 0.25 0.125 0.625 0.3125
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No of isolates 24(96%) 24(96%) 23(92%) | 14(56%) | 11(44%) _
being inhibited
Azithromycin MIC(mg/ml) 1 0.5 0.25 0.125 0.625 0.3125
No of isolates 13(52%) 1(4%) 1(4%) _ _ _
being inhibited
Amoxicillin MIC(mg/ml) 1 0.5 0.25 0.125 0.625 0.3125
No of isolates 2(8%) 2(8%) _ _ _ _
being inhibited
Erythromycin MIC(mg/ml) 25 20 15 10 5 1
No of isolates 18(72%) _ _ _ _ _
being inhibited

Waste water originated from domestic and industrial discharge in the
river where E.coli is indicator organism of water contamination.
External contact and ingestion of bacteria from fecal contamination
can cause disturbance in Health. Municipal waste is also responsive for
E.coli contamination in the river. Antibiotic resistance bacteria are
increasing day by day and are serious threat to human health. E.coli is
one of the most common bacteria in human intestinal tract. It is known
as fecal contaminant in water and food. Although E.coli is not a
pathogenic but some time it causes traveler's diarrhea, food born
disease and urinary tract infection. The bacterium E.coli is one of the
best free living microorganisms. It has various species pathogenic and
nonpathogenic. It is widely used as indicator for fecal contamination in
water bodies. External contacts and ingestion of bacteria from fecal
contamination can cause disturbance in health. Waste water originated
from domestic and industrial discharge in the rivers. India is the land of
agriculture in which rivers contributing major roles in this sector.

The study demonstrates how industrial waste water contributes to the
development of Antibiotic resistance in E. coli and multiple antibiotic
resistance activities. In the industrial waste may act as a possible
source of transfer of these highly resistance pathogens and their genes
to human that could be treat for the treatment of disease by
commercially available antibiotics (Osterblad ez al., 2004).
Antimicrobial drugs have been proved remarkably effective for the
control of bacterial infections. However, it was soon evidenced that
bacterial pathogens were unlikely to surrender unconditionally, and
some pathogens rapidly became resistance to many of the first
effective drugs. Over the past few decades, antimicrobials have
become increasingly available for a broad range of pathogens. Due to
the widespread use of these drugs, new forms of antimicrobial
resistance have emerged (Osterblad er al, 2004). Antibiotic
resistance profile for E. coli isolates has well been documented by
various workers. Opportunistic pathogens presenting broad-spectrum
antibiotic resistance have emerged extensively in hospital waste water/
environments, causing serious infections in immune compromised
hosts (Franklin et al., 1999). It is likely that we detected a higher
number of resistance bacteria (E.coli) by using a selective medium, in
the wastewater. The results of this study indicate that bacteria carrying
MDR factors present in industrial wastewater in India. This will lead to
a situation where bacteria carrying MDR factor enter the community
through contaminated water sources and spread the diseases.

CONCLUSION

Our result revealed that antibiotics resistance £.coli in industrial waste
water might be due to untreated hospital waste discharge in the
industrial waste water or misuse of antibiotics in environment. On the
basis of above said facts, efforts must be taken to prevent dumping of
antibiotics without treatment (WHO-Guidelines) into the
environment; complete destruction of antibiotics before disposal. We
expect that the results of this study will be helpful for further scientific
enquiry in Rampur (U.P) India and other countries regarding the
presence of emerging contaminants like antibiotics in environment and
its impact on public health.

REFERENCES

1. Abraham, E. P., & Chain, E. 1988. An enzyme from bacteria able to destroy penicillin.
1940. Reviews of infectious diseases, 10(4), 677..

2. Alanis, A. J. 2005. Resistance to antibiotics: are we in the post-antibiotic era?. Archives
of medical research, 36(6), 697-705.

3. Baquero, F., Martinez, J. L., & Canton, R. 2008. Antibiotics and antibiotic resistance in
water environments. Current opinion in biotechnology, 19(3), 260-265.

4. Barlow, M., & Hall, B. G. 2003. Experimental prediction of the natural evolution of
antibiotic resistance. Genetics, 163(4), 1237-1241.

5. Bauer, A. W, Kirby, W. M., Sherris, J. C., & Turck, M.1966. Antibiotic susceptibility
testing by a standardized single disk method. American journal of clinical pathology,
45(4),493.

6.  Bradford, P. A. 2001. Extended-spectrum B-lactamases in the 21st century:

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

characterization, epidemiology, and detection of this important resistance threat.
Clinical microbiology reviews, 14(4),933-951.

Buchholz, U., Bernard, H., Werber, D., Bshmer, M. M., Remschmidt, C., Wilking, H., ...
& Ehlers, J. 2011. German outbreak of Escherichia coli O104: H4 associated with
sprouts. New England Journal of Medicine, 365(19), 1763-1770.

Campos, J., Ferech, M., Lazaro, E., de Abajo, F., Oteo, J., Stephens, P., & Goossens, H.
2007. Surveillance of outpatient antibiotic consumption in Spain according to sales data
and reimbursement data. Journal of antimicrobial chemotherapy, 60(3), 698-701.
Carattoli, A. 2009. Resistance plasmid families in Enterobacteriaceae. Antimicrobial
agents and chemotherapy, 53(6),2227-2238.

Carlet, J., Collignon, P., Goldmann, D., Goossens, H., Gyssens, I. C., Harbarth, S., ... &
Richtmann, R. 2011. Society's failure to protect a precious resource: antibiotics. The
Lancet, 378(9788),369-371.

Carlet, ., Jarlier, V., Harbarth, S., Voss, A., Goossens, H., & Pittet, D. 2012. Ready fora
world without antibiotics? The pensicres antibiotic resistance call to action.

Chopra, L., & Roberts, M. 2001. Tetracycline antibiotics: mode of action, applications,
molecular biology, and epidemiology of bacterial resistance. Microbiology and
molecular biology reviews, 65(2), 232-260.

Cohen, M. L. 2000. Changing patterns of infectious disease. Nature, 406(6797), 762.
Collis, C. M., & Hall, R. M. 1992. Gene cassettes from the insert region of integrons are
excised as covalently closed circles. Molecular microbiology, 6(19), 2875-2885.
Davies, J., & Davies, D. 2010. Origins and evolution of antibiotic resistance.
Microbiology and molecular biology reviews, 74(3),417-433.

Fillaudeau, L., Blanpain-Avet, P., & Daufin, G. 2006. Water, wastewater and waste
management in brewing industries. Journal of cleaner production, 14(5),463-471.
Fletcher, H. M., & Macrina, F. L. 1991. Molecular survey of clindamycin and
tetracycline resistance determinants in Bacteroides species. Antimicrobial agents and
chemotherapy, 35(11),2415-2418.

Fluit, A. C., Visser, M. R., & Schmitz, F. J. 2001. Molecular detection of antimicrobial
resistance. Clinical microbiology reviews, 14(4), 836-871.

Franklin, G. A., Moore, K. B., Snyder, J. W., Polk Jr, H. C., & Cheadle, W. G. 2002.
Emergence of resistant microbes in critical care units is transient, despite an unrestricted
formulary and multiple antibiotic trials. Surgical infections, 3(2), 135-144.

Cockerill, F. R. 1999. Genetic methods for assessing antimicrobial resistance.
Antimicrobial agents and chemotherapy, 43(2), 199-212.

Gellin, G.L. O.R.1. A, Langlois, B. E., Dawson, K. A., & Aaron, D. K. 1989. Antibiotic
resistance of gram-negative enteric bacteria from pigs in three herds with different
histories of antibiotic exposure. Applied and environmental microbiology, 55(9), 2287-
2292.

George, A. M. 1996. Multidrug resistance in enteric and other gram-negative bacteria.
FEMS microbiology letters, 139(1), 1-10.

Gould, I. M. 2009. Antibiotic resistance: the perfect storm. International journal of
antimicrobial agents, 34, S2-S5

Ladion, W. L. B, Solon, C. C. E., Valdez, S. A. L., Valera-Mag-aso, A., & Lahoylahoy-
Maratas, L. 2015. In vitro antimicrobial activity of calliphorid larval excreta/secreta
(ES) against selected wound bacteria. Advances in Environmental Biology, 9(19 S4),
88-96.

Hall, R. M., & Collis, C. M. 1995. Mobile gene cassettes and integrons: capture and
spread of genes by site-specific recombination. Molecular microbiology, 15(4), 593-
600.

Harbarth, S., & Samore, M. H. 2005. Antimicrobial resistance determinants and future
control. Emerging infectious diseases, 11(6), 794.

Harbarth, S., Albrich, W., & Brun-Buisson, C. 2002. Outpatient antibiotic use and
prevalence of antibiotic-resistant pneumococci in France and Germany: a sociocultural
perspective. Emerging infectious diseases, 8(12), 1460.

Hoge, C. W., Gambel, J. M., Srijan, A., Pitarangsi, C., & Echeverria, P. 1998. Trends in
antibiotic resistance among diarrheal pathogens isolated in Thailand over 15 years.
Clinical infectious diseases, 26(2), 341-345.

Holmes, A.J., Gillings, M. R., Nield, B. S., Mabbutt, B. C., Nevalainen, K. M., & Stokes,
H. W. (2003). The gene cassette metagenome is a basic resource for bacterial genome
evolution. Environmental microbiology, 5(5), 383-394.

Jones, M. E., Peters, E., Weersink, A. M., Fluit, A., & Verhoef, J. (1997). Widespread
occurrence of integrons causing multiple antibiotic resistance in bacteria. The Lancet,
349(9067), 1742-1743.

de Jong, A., Bywater, R., Butty, P., Deroover, E., Godinho, K., Klein, U., ... & Vallé, M.
(2009). A pan-European survey of antimicrobial susceptibility towards human-use
antimicrobial drugs among zoonotic and commensal enteric bacteria isolated from
healthy food-producing animals. Journal of Antimicrobial Chemotherapy, 63(4), 733-
744.

Kristiansson, C., Grape, M., Gotuzzo, E., Samalvides, F., Chauca, J., Larsson, M., ... &
Petzold, M. (2009). Socioeconomic factors and antibiotic use in relation to antimicrobial
resistance in the Amazonian area of Peru. Scandinavian journal of infectious diseases,
41(4),303-312.

Kummerer, K. Resistance in the environment. Antimicrob Chemotherapy 2004; 54. 2:
311-20

Leverstein-van Hall MA, Box AT, Blok HE, Paauw A, Fluit AC, Verhoef J.2002.
Evidence of extensive interspecies transfer of integron-mediated antimicrobial
resistance genes among multidrug-resistant Enterobacteriaceae in a clinical setting. The
Journal of infectious diseases. 2002 Jul 1;186(1):49-56.

Levy, S. B., McMurry, L. M., Barbosa, T. M., Burdett, V., Courvalin, P., Hillen, W., ... &
Taylor, D. E. 1999. Nomenclature for new tetracycline resistance determinants.
Antimicrobial agents and chemotherapy, 43(6), 1523-1524.

Livermore, D. M. 1995. beta-Lactamases in laboratory and clinical resistance. Clinical
microbiology reviews, 8(4), 557-584.

Mainous, A. G., Everett, C. J., Post, R. E., Diaz, V. A., & Hueston, W. J. 2009.

I International Journal of Scientific Research |—| 71 |



Volume-8 | Issue-2 | February-2019 PRINT ISSN No 2277 - 8179
I EEEEEEEEE——

Availability of antibiotics for purchase without a prescription on the internet. The Annals
of Family Medicine, 7(5),431-435.

38. Martinez, E., & Cruz, F. 1990. Genetic elements involved in Tn2l site-specific
integration, a novel mechanism for the dissemination of antibiotic resistance genes. The
EMBO journal, 9(4), 1275-1281.

39.  Medeiros, A. A. 1997. Evolution and dissemination of p-lactamases accelerated by
generations of B-lactam antibiotics. Clinical Infectious Diseases, 24(Supplement 1),
S19-S45.

40. Minakhina, S., Kholodii, G., Mindlin, S., Yurieva, O., & Nikiforov, V. 1999. Tn5053
family transposons are res site hunters sensing plasmidal res sites occupied by cognate
resolvases. Molecular microbiology, 33(5), 1059-1068.

41.  Molbak, K..2004. Spread of resistant bacteria and resistance genes from animals to
humans-the public health consequences. Zoonoses and Public Health, 51(8-9), 364-
369.

42. Mulvey, M. R., & Simor, A. E. 2009. Antimicrobial resistance in hospitals: how
concerned should we be?. Canadian Medical Association Journal, 180(4),408-415.

43.  Neu, H. C.(1992). The crisis in antibiotic resistance. Science, 257(5073), 1064-1073.

44.  Ogdengbe, K. Akinabile, C.O. 2004. Impact of industrial pollutants on quality of ground
surface water at Loyola Industrial Estate Ibadan, Nigeria, ] Techno develops. 139-144.

45, Osterblad, M., Hakanen, A., Manninen, R., Leistevuo, T., Peltonen, R., Meurman, O., ...
& Kotilainen, P. 2000. A between-species comparison of antimicrobial resistance in
enterobacteria in fecal flora. Antimicrobial agents and chemotherapy, 44(6), 1479-1484.

46. Ploy, M. C., Lambert, T., Couty, J. P., & Denis, F. 2000. Integrons: an antibiotic
resistance gene capture and expression system. Clinical chemistry and laboratory
medicine, 38(6), 483-487.

47. Power, E. 2006. Impact of antibiotic restrictions: the pharmaceutical perspective.
Clinical Microbiology and Infection, 12(s5), 25-34.

48. Power, E. 2006. Impact of antibiotic restrictions: the pharmaceutical perspective.
Clinical Microbiology and Infection, 12(s5), 25-34.

49. Rowe-Magnus, D. A., & Mazel, D. 1999. Resistance gene capture. Current opinion in
microbiology, 2(5), 483-488.

50. Salyers, A. A., Gupta, A., & Wang, Y. 2004. Human intestinal bacteria as reservoirs for
antibiotic resistance genes. Trends in microbiology, 12(9),412-416.

51.  Shafiani, S., & Malik, A. 2003. Tolerance of pesticides and antibiotic resistance in
bacteria isolated from wastewater-irrigated soil. World Journal of Microbiology and
Biotechnology, 19(9),897-901.

52.  Spratt, B. G. 1994. Resistance to antibiotics mediated by target alterations. Science,
264(5157),388-393.

53.  Stokes, H. T., & Hall, R. M. 1989. A novel family of potentially mobile DNA elements
encoding site-specific gene-integration functions: integrons. Molecular microbiology,
3(12),1669-1683.

54. Taylor, D. E., & Chau, A. 1996. Tetracycline resistance mediated by ribosomal
protection. Antimicrobial agents and chemotherapy, 40(1), 1.

55.  Tenover, F. C. 2006. Mechanisms of antimicrobial resistance in bacteria. American
Jjournal of infection control, 34(5), S3-S10.

56. van den Bogaard, A. E., & Stobberingh, E. E. 2000. Epidemiology of resistance to
antibiotics: links between animals and humans. International journal of antimicrobial
agents, 14(4),327-335.

57.  van den Bogaard, A. E., & Stobberingh, E. E. 2000. Epidemiology of resistance to
antibiotics: links between animals and humans. International journal of antimicrobial
agents, 14(4),327-335.

58.  Weber, J. T., & Courvalin, P. 2005. An emptying quiver: antimicrobial drugs and
resistance. Emerging Infectious Diseases, 11(6), 791.

59. Zhang, X. X., Zhang, T., & Fang, H. H. 2009. Antibiotic resistance genes in water
environment. Applied microbiology and biotechnology, 82(3),397-414.

| 72 |—| International Journal of Scientific Research I




