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ABSTRACT

Background: The term “Wastewater” is referred to any waterosd quality has been adversely changed by
human or animal activities. It includes liquid wastischarged from domestic homes, hotels, hossascultural,
pharmaceutical, chemical, thermal power statiord ather commercial sectors including hospitals. ihportance of
bacterial isolates from waste water environment agservoir of antibiotic resistance and a potémsiarce of novel
resistance genes to clinical pathogens is underatd. This present study is framed to isolate @ratacterize public
health important bacteria from waste water in ha$@nd non- hospital environments and evaluatedib&ibution of

multi drug resistant (MDR) bacteria in this area.

Material and Methods: This was a cross-sectional study conducted franudry to March 2015 at 500 bedded
Rajiv Gandhi Institute of Medical Sciences (RIMSpv@rnment General Hospital, Srikakulam, Andhra Bsad India.
Forty samples from various outlets were asepticadlijected, transported and processed within twardaising standard
test procedures. The microorganisms were isolaggaguwarious media and assessed for their antilmigrgesistance

pattern using 10 antimicrobial discs by Kirby-Badesk diffusion method.

Results A total of 40 waste water samples were procefsethe presence of drug resistant bacteria. Fiuase
40 samples, 149 bacterial strains were recoveregority of bacteria 30 (75%) were from hospital Eomment. Most
frequently isolated bacteria from both hospitalismvment and non-hospital environment viksbsiella spp. 48 (32.21)
followed byEscherichia coli 37 (24.84) Staphylococcus aureus 21 (14.08), Coagulase Negati@@aphylococci (CoNS) 10
(6.71), Pseudomonas aeruginosa 14 (9.39),Proteus spp.,10 (6.71Enterococcus faecalis 5 (3.35) in both environments.
Shigella spp., 3 (2.01) an8almonella spp., 1 (0.67) in the hospital environment, but finom non-hospital environment.
Among 21 strains oftaphylocococcus aureus isolated from both environments, 12 strains werethitillin Resistant
Saphylocococcus aureus (MRSA) and 1 was vancomycin intermediate resis@&aphylococcus aureus (VRSA) and 3

were vancomycin resistaBtaphylococcus aureus (VISA) with a trend towards superbugs.

Conclusions In the present study, high percent of multi dregistant bacteria (MDR) were observed in the
hospital environment waste waters which may besfeared to other bacterial pathogens causing fafattions in the
community. It is therefore advised that all conegrin the healthcare sector to formulate the wawproper liquid waste

management practices in healthcare institutiondetrease the risk of disseminating pathogenic anid drug resistant
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microorganisms in the community.
KEYWORDS: Hospital environment, Microorganisms, MRSA, Multi Drug Resistant (MDR), Waste water
INTRODUCTION

The term “Wastewater” is referred to any water véhgsality has been adversely changed by humaniorahn
activities. It includes liquid waste dischargednfrdomestic homes, hotels, hostels, agriculturasiplaceutical, chemical,
thermal power stations and other commercial seatatading hospitals.In hospitals, water is consumed by various areas
like hospital wards of all specialties, diagnostiboratories, radiological units, laundries thaskwéinen that soaked with
hospital infective material like blood and otherdidluids, kitchens, administrative units and resitlal areas. In this
process of usage, its physical, chemical, and bick quality is decreased and converted to wasen¥eHospital
wastewater can be hazardous to public health sirean contain many kinds of pollutants such asoaative, chemical
and pharmaceutical wastes , infective materials blood, body fluids and also pathogenic microoigras which may
include superbuginjudicious and excessive use of antibiotics bynan and animal feeds results in increase in arigbio
resistance and cause the spread of resistance genesas such as hospital waste wateigher numbers of resistant
bacteria occur in polluted habitats like hospitadsnpared with unpolluted habitats like residentisdas indicating that
humans have contributed substantially to the irsearoportion of resistant bacteria occurrinchsénvironmentMany
non-metabolized drugs excreted from patients asilual chemicals enter into wastewater, which fnaiteracts with
the microflora of hospital sewage. These microflocamprise saprophytic bacteria from the atmosphso#, medical
devices, and water employed in the hospital practie pathogens are mainly released with patiareéa and other body
fluids like blood and pus. These bacteria are esgpds a wide range of antimicrobials that couldaesch selective pressure
for the development of resistance. Due to heavibiatit use, hospital wastewater contains largemers of resistant
organisms than does domestic wastewdier.our semi urban area, there is no data conogrresistance profiles of
microorganisms isolated from hospital or commumigste waters. This present study is therefore temat to know the

magnitude of drug resistant pathogens in hospitdlreon-hospital environments that may affect thigliptnealth.
MATERIALS AND METHODS

This was a cross-sectional study conducted fromalgnto March 2015 at 500 bedded Rajivgandhi latgtibf
Medical Sciences (RIMS) Government General Hospfaikakulam, Andhra Pradesh, India. This hosp#ah tertiary
care teaching hospital that provides health candgcss to over 3 million people of Srikakulam distrand neighbouring
state of Odisha. Fortyntreated wastewater samples were collected fromiSRGeneral Hospital at different sites. The

wastewater samples were collected at differentgslat different outlets of: Hospital waste watengkes such as

Male and Female Surgical Wards (Samplel&2), Mald Bemale Medical Wards (Sample3&4), Male and
Female Orthopaedic Wards (Sample5&6), Male and kelBAT Wards (Sample7&8), Male and Female Ophthalmi
Wards (Sample 9&10), Male and Female Dermatologyrd&/gSample11&12), Male and Female Psychiatry Wards
(Sample13&14), Male and Female Pulmonology Wardsm{@e15&16), Paediatric Ward (Sample 17), Obstetitard
(Sample 18), Gynaecology Ward (Sample 19), ICU (Ban20), Dialysis Ward (Sample 21) Dental OP (San),
Physiotherapy (Sample 23), Radio diagnosis Unit{8a 24), Central Laboratory Pathology (Sample R&robiology
(Sample 26), Biochemistry (Sample 27), Casualtyr(@a 28), Dept. of Microbiology (Sample29), Dept. Rathology

(Sample 30) and Non- hospital waste water samplel as Mess from Male Residents Hostel (Sample &¥s from
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Female Residents Hostel (Sample 32), Male Residdossel (Sample 33), Female Residents Hostel (Sau3), Male
Senior Residents Hostel (Sample 35), Female S&w@sidents Hostel (Sample 36), Teaching Staff Quafample 37),
Non-Teaching Staff Quarters (Sample 38), Dean’sc®ffSample 39) and Medical Superintendent’s Offsample 40).
Around 100 mL of waste water was collected fromdh#et of each area in a small sterile bottle adiog to the method
used by Nunez and MorettdiThe samples were transported within two hoursiica box to the microbiology laboratory
for analysis and stored in a refrigerator at 4°@l amalysis. All the samples were analyzed ondag they were collected.
Each sample was filtered using sterile Whatman Niltdr paper to remove any debris and the filtratas used for
isolation of microorganisms. The samples were ifaied on nutrient agar, blood agar, MacConkey afahnonella-
Shigella agar, Pseudomonas agar, EMB agar obt&ioedHimedia, Mumbai and incubated aerobically 2¥@G for 24—48
hours. The organisms were preliminarily identifiedsed on colonial morphology, pigment productioserholysis on
blood agar, swarming and other characters. Fudfegnosis was done using different biochemical tireas wherever
necessary using standard testing metfiobise bacteria were isolated and identified in puramf from each sample
collected, their antimicrobial sensitivity was &btby Kirby-Bauer disk diffusion methddBacterial inoculum was
prepared by suspending the freshly grown bactartaml of sterile nutrient broth and the turbiditgs adjusted to that of
a 0.5 McFarland standard. The antimicrobial susic#ipt testing was performed using Mueller-Hintagar medium
obtained from Himedia, Mumbai, India using Amika&@a pg), Ampicillin(10 pg), Cefotaxime(30 pg), Gefidime(30
ug), Ceftriaxone(30 ug),Ciprofloxacin(5 pug), Geni@n(10 pg), Lomefloxacin(10ug), Penicillin(10U)p&floxacin(5
1g) obtained from Himedia, Mumbai, India. The piateere incubated aerobically at 37°C for 18-24 siolihe zones of
inhibition were measured and compared with Cliniaabl Laboratory Standards Institute (CLSI) guickdify using
Escherichia coli ATCC 25922,Pseudomonas aeruginosa ATCC 27853 and3taphylococcus aureus ATCC-25923 as
controls. For allStaphylococcus aureus isolates, MRSA testing was done using cefoxitin (&) dis¢* and VRSA and

VISA were identified by Minimum Inhibitory Conceation (MIC) by agar dilution methdd.
RESULTS

A total of 40 waste water samples were processethé presence of bacterial pathogens. All thepsesnwere
positive to one or more bacterial strains. Among thtal samples 149 bacterial strains were recdvekenong these
samples 30 (75%) were from hospital environment Bhd25%) were from non-hospital environment (Taldlp Most
frequently isolated bacteria from both hospitaliemment and non-hospital environment wWédsbsiella spp.,48 (32.21)
followed byEsch.coli 37 (24.84) Staphylococcus aureus 21 (14.08), Coagulase Negative Staphylococci (CaNS)6.71),
Pseudomonas aeruginosa 14 (9.39)Proteus spp.,10 (6.71Fnterococcus faecalis 5 (3.35) in both environmentShigella
spp., 3 (2.01) and Salmonella spp., 1 (0.67) inhbgpital environment, but not from non-hospitatissnment. Gram
negative bacteria predominated with 82.56% (Tab)e Ahtimicrobial resistance pattern was testadainst 10
antimicrobials for all Gram negative and positigelates. Majority of them were multidrug resistafll. strains in both

groups were 100% resistant to ampicillin and pdlimiciMajority were resistant to ciprofloxacin als@able-3 and 4).

DISCUSSIONS

The rate of isolation of bacterial pathogens i ttbspital environment 30 (75%) was higher thamthe-hospital
environment10 (25%). Similar observations were reggbby Feleke Moges et af.and Guardabassi et 4IThe major
factors were the injudicious use of antibioticshimman medicine, animal husbandry in the form ofléeas well as

treatment and agriculture may disrupt the microbahnce in favour of resistant bacteria. The bhiction of wastewater
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in the environment brings about increased amountgdnic matter and essential nutrients, whichuarice the changes in
the microflora™ Aluyi et al.,'® noted that high counts of bacterial load refledtesilevel of pollution in the environment.
In our present study, the major isolate wdeabsiella spp., 48 (32.21) followed by Esch.coli 37 (24.8&aphylococcus
aureus 21 (14.08), Coagulase Negati@aphylococci (CoNS) 10 (6.71)Pseudomonas aeruginosa 14 (9.39),Proteus
spp.,10 (6.71Enterococcus faecalis 5 (3.35) in both environmentShigella spp., 3 (2.01) an8almonella spp., 1 (0.67) in
the hospital environment, but not from non-hospétalironment. Similar findings were observed byeottesearchers:*’
The predominant organisms in both studies wéebsiella spp., followed byPseudomonas spp., where as our study
showedKlebsiella spp., followed byEsch.coli may be because of high content of faecal matteantGhegative bacterial
isolates were predominated than Gram positive tisslavith 82.56% and 17.44% respectively. Similadifngs were
recorded by other workefg®*'Multi drug resistance was observed in both Granatieg and positive bacteria with 100%
resistant to ampicillin and penicillin. Majority wee resistant to ciprofloxacin also in both hospi#asd non hospital
environments where as the resistance pattern wasée 60 to 90% for other bacteria in Hospital emrvinent except
Shigella and Salmonella spp. because of their minimum number. In Non-hasginvironment, the resistance pattern was
40 to 70%. Similar findings were observed by otherkers'***also. Among 21 strains &aphylococcus aureus isolated
from both environments, 12 strains were MethiciResistanStaphylocococcus aureus (MRSA) and 1 was vancomycin
intermediate resistarfitaphylococcus aureus (VRSA) and 3 were vancomycin resistéd@phylococcus aureus (VISA)
with a trend towards superbugs. Such findings vedse noted in th&aphylococcus aureus isolated elsewhere by other
workers®?*?22MRSA strains were isolated by other researcherhéir study but not VISA and VRSR!®#?*The
resistance pattern observed for ciprofloxacin ingiudy was 100% in all isolates except in HosgtalironmentShigella
spp.,( 66.67%) and in Non-hospital environme®tigphylococcus aureus (66.67) andKlebsiella spp., (70%) where as
Feleke et af reported 12% and Islam ef3rom Bangladesh, Chitnis et &f.from India and Sharma et dlfrom Nepal
reported 100%.

CONCLUSIONS

Multi drug resistant (MDR) bacteria were found i our present study in the hospital environmientaste
water than non-hospital environment. The contarionabf water by antimicrobials or other hazardoofiytants lead to
the rise in the bacterial resistance due to seleqiressure. In case the resistance is transféorédcterial pathogens
causing infections in the community, where mosthef currently available antimicrobials will not vikoproperly against
the infectious microorganisms in the community. gemoliquid waste management strategy is neededsare public
health and environmental safety. It is thereforeisst that all concerned in the healthcare seotéorimulate the ways on
proper liquid waste management practices in healéhinstitutions to decrease the risk of disseririggpathogenic and

multiple drug resistant microorganisms in the comityu
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APPENDICES

Table 1: Distribution of Samples from Hospital andNon-Hospital Environments

Hospital Environment 30 (75) 123 (82.55)

Non-Hospital Environmen 10 (25) 26 (17.55)

Table 2: Number of Bacteria Isolated from Hospitaland Non-Hospital Environments

Klebsiella spp. 38 (25.50) 10 (6.71) 48 (32.2]
Esch. coli 31 (20.81) 06 (4.03) 37 (24.84)
S aureus 18 (12.07) 03 (2.01) 21 (14.08)
CoNS* 09 (6.04) 01 (0.67) 10 (6.71)
Pseudomonas aeruginosa 11 (7.38) 03 (2.01) 14 (9.39
Proteus spp. 08 (5.37) 02 (1.34) 10 (6.71
Enterococcus faecalis 04 (2.68) 01 (0.67) 05 (3.35
Shigella spp. 03 (2.01) - 03 (2.01)
Salmonella spp. 01 (0.67) 01 (0.67)

*CoagulddegativeStaphyl ococci

Table 3: Antimicrobial Resistance Pattern of Bacteial Isolates from Hospital Environment

Amikacin 30ug | 16(88.89) | 6(66.67) | 2(50.000 | 32(8421) | 26(83.87) | 9 (81.82) | 6 (75.00) | 1(33.33) | 0(0.00)
Ampicillin 10ug | 18(100.00) | 9( 100.00) | 4 (100.00) | 38 (100.00) | 31(100.00) | 11( 100.00) | 8(100.00) | 3 (100.00) | 1(100.00)
Cefotaxime | 30ug | 16(88.89) | 7(77.78) | 3(75.00) | 34(8947) | 28(5032) | 8 (72.73) | 6(75.00) | 1(33.33) | 0(0.00)
Ceftazidime | 30pg | 17(94.44) | 7(77.78) | 3(75.00) | 34(8947) | 28(9032) | 8(72.73) 7(87.5) | 1(33.33) | 0(0.00)
Ceftriaxone | 30pg | 14(77.78) | 6(66.67) | 1(25.00) | 31(81.58) | 25(80.65) | 7((63.64) | 4(50.000 | 1(33.33) | 0(0.00)
Ciprofloxacin | 5 ug 18 (100.00) | 9 (100.00) | 4 (100.00) | 38 (100.00) | 31(100.00) | 11 (100.00) | 8(100.00) | 2(66.67) | 1( 100.00)
Gentamicin | 10pg | 15(83.33) | 3(55.56) | 2(50.00) | 30 (78.95) | 25(30.65) | 7 (63.64) | 5(62.5) | 0 (0.00) | 0(0.00)
Lomefloxacin | 10pug | 16(88.89) | 7(77.78) | 3(75.00) | 35(92.11) | 28(90.32) | 8 (72.73) | 6(75.00) | 2(66.67) | 1(100.00)
Penicillin 10U 18 (100.00) | 9 (100.00) | 4 (100.00) | 38 (100.00) | 31(100.00) | 11{ 100.00) | 8 (100.00) | 3 (100.00) | 1( 100.00)
Sparfloxacin | 5 ug 15(83.33) | 7(77.78) | 3(75.00) | 36(94.74) | 28(90.32) | 9(81.82) (787.5) | 2(6667) | 0(0.00)

= O (oo | Oy [ b we [ ra ) =

(=]

Table 4: Antimicrobial Resistance Pattern of Bacteial Isolates from Non-Hospital Environment

1 | Amikacin 30pug | 1(33.33) | 0(0.00) | 0 (0.00) | 6 (60.00) | 3(350.00) | 2 (66.67) 1 (50.00)
2 | Ampicillin 10 ug_ | 3 (100.00) | 1 (100.00) | 1(100.00) | 10 (100.00) | 6 (100.00) | 3 (100.00) | 2 (100.00)
3 | Cefotaxime 30ug | 1(33.33) | 0(0.00) | 1(100.00) | 6(60.00) | 5(83.33) | 2 (66.67) 1(50.00)
4 | Ceftazidime 30 g | 2(66.67) | 0(0.00) | 1(100.00) | 7(70.00) | 5(83.33) | 2 (66.67) 1(50.00)
5 | Cefiriaxone 30ug | 1(33.33) | 0(0.00) | 0(0.00) | 4(40.00) | 2(33.33) | 1(33.33) 0 (0.00)

6 | Ciprofloxacin 5ug | 2(66.67) | 1(100.00) | 1(100.00) | 7 (70.00) | 6 (100.00) | 3 (100.00) | 2 (100.00)
7 | Gentamicin 10ug | 1(33.33) | 0(0.00) | 0(0.00) | 4(40.00) | 2(33.33) | 1(33.33) 0 (0.00)

8 | Lomefloxacin 10ug | 2(66.67) | 0(0.00) | 1(100.00) | 7(70.00) | 4 (66.67) | 2 (66.67) 1(50.00)
9 | Penicillin 10U | 3 (100.00) | 1100.00 | 1(100.00) | 10 (100.00) | 6 (100.00) | 3 (100.00) | 2 (100.00)
10 | Sparfloxacin 5ug | 2(66.67) | 0(0.00) | 1(100.00) | 8(80.00) | 4(66.67) | 1 (33.33) 1(50.00)
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