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ABSTRACT 

The discharge of untreated hospital waste water into the environment is a major public health concern as this could result in the 
environmental spread of multidrug-resistant (MDR) bacteria. The dissemination of such MDR bacteria in waste water remains 
unexamined in most geographical area. This study assessed the prevalence of multidrug-resistant bacterial isolates in waste water 
from hospital environment in Umuahia, Nigeria. Exactly 200 waste water samples were collected from various diagnostic laboratory 
units of Michael Okpara University of Agriculture, Umudike (MOUAU) Health Centers and Federal Medical Center (FMC), Umuahia in 
250 ml screw-capped, heat-sterilized bottles. Water samples were analyzed using standard microbiological techniques. Bacterial 
isolates from water samples were identified with API-20E test kit. Antibiotic susceptibility test was done using Kirby–Bauer disc 
diffusion method. Multiple antibiotic resistance index (MARI) of isolated bacteria was determined using standard formulae. A total of 
147(73.5 %) bacterial species such as S. aureus, Shigella spp, E. coli, Enterobacter spp, Proteus mirabilis, and Arizona spp were 
identified from the waste water samples. Bacterial isolates exhibited resistance to tetracycline, trimethoprim-sulfamethoxazole, 
clindamycin, nalixidic acid, vancomycin, and chloramphenicol but very susceptible to imipenem. All isolates were multidrug-resistant 
with MARI values ranging from 0.5 - 0.8. This study revealed the presence of MDR bacteria in hospital waste water samples in 
Umuahia, Abia state, Nigeria.  The threat and risk of exposure to such MDR bacteria is of public health significance and raises concern 
over poor management and disposal of hospital waste water or effluents.  
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INTRODUCTION 

astewater has been observed as a niche for 
proliferation of bacteria due to vast present of 
optimum growth nutrient. Wastewater 

generated in most facilities are not usually recycled and 
may harbor multidrug resistant bacteria of public health 
significant.  It is clear that the environment allows the 
proximity of transfer of resistant genes with multidrug 
determinant among bacterial isolates which can be 
disseminated further to sensitive bacteria.1 Hospitals are 
known primary hotspots for selection of Multidrug 
resistant bacteria where several types of antibiotics and 
other pharmaceutical constituents at sub-therapeutic 

concentrations are discharged frequently inducing high 
selection pressure in the bacterial community.2 In recent 
time, waste management in most hospital in developing 
country like Nigeria has been deem or consider unapt due 
to lack of proper waste management practice (as most 
hospital waste does not get appropriate treatment before 
being released to the nearby aquatic tributary or terrestrial 
environment) and inadequate advocacy on the impact of 
waste to human health. Wastewater generated from 
hospitals may include toilet flush, sinks, dish waters, bath 
tubs, washing machines and sewers released into the 
environment. They may carry both chemical and physical 
pollutants in the hospital environments, which may 
include hazardous substances, hormones and 
pharmaceuticals, toxins and poisonous organic materials 
both soluble and insoluble.3 It is worth noting, that the 
discharge of hospital untreated wastewater to the 
environment greatly contributes to the environmental 
pool of diverse multidrug resistant bacteria and 
antimicrobial resistance genes.4 The environmental pool of 
diverse multidrug resistant bacteria greatly influence and 
contribute to crossing resistance from one bacterial 
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species to another, also from one environment to another. 
This phenomenal trend could be possible via horizontal 
mobile genetic elements such as plasmids and 
transposons.5,6 Bridget et al.7 observed recurrent 
conjugative transfer of resistant genes in bacteria and 
found that more than 83 % of their environmental isolates 
had exchanged one or more resistant genes. Shakibaie et 
al.8 reported horizontal transfer of resistant genes by 
conjugation from Pseudomonas aeruginosa to E. coli.  As 
evidence in the study setting (Umuahia, Abia State) most 
hospital untreated waste samples are seen on terrestrial 
and water receiving bodies. This effluent from the hospital 
environment could contain multi-drug resistant (MDR) 
pathogenic bacteria capable of causing infection in 
humans and animals or commensal organisms capable of 
disseminating their resistance genetic markers to other 
bacterial species in the environment impacting natural 
ecosystem.10 Several studies in many regions have 
evaluate the occurrence of multidrug-resistant isolate in 
hospital wastewater1,9 and infer their findings to 
accumulation of wide spectrum of resistant genes in the 
environment. Importantly, the potential risk of 
dissemination of antimicrobial resistance agent to the 
ecology and its public health consequences is not 
underrated. Therefore, assessing the prevalence of 
multidrug resistant bacterial isolates from hospital 
environment in Umuahia, Abia State will be feasible and 
robust in decision making and contribute immensely to 
worldwide MDR Epidemiology surveillance.  

MATERIALS AND METHODS 

Study Areas 

The Study areas were Michael Okpara University of 
Agriculture, Umudike (MOUAU) Medical and veterinary 
clinic and Federal Medical Center (FMC), Umuahia. It is 
situated within the Capital Territory, towards Ikwuano 
Local Government Area (5o 26’N 7o 34’E) South of Umuahia, 
Abia State Capital; about 10 kilometers from Umuahia 
town, along the Umuahia-Ikot Ekpene road, a direct route 
to the state capitals of Abia, Akwa-Ibom, and Cross River. 

Ethical Approval 

Ethical clearance was obtained from the Michael Okpara 
University Ethical Board, and the Ethical Committee of the 
Federal Medical Center, Umuahia with Ethical clearance 
number MOU/EB/000256 and FMC/UA/123C12 

Sample collection and isolation of bacteria 

Sample Collection 

Two hundred (200) wastewater were collected from 
Michael Okpara University of Agriculture, Umudike 
(MOUAU) Health Center and Veterinary Clinic (Diagnostic 
Laboratory Units) and Federal Medical Center (FMC) 
Umuahia (from various sections) in 250 ml capacity screw-
capped, heat-sterilized bottles according to Standard 
methods.10 

 

Bacteriological analysis of water samples 

Plate Count Method  

A 1:10 dilution of wastewater was prepared by adding 1ml 
of wastewater to each of two petri dishes containing 9 ml 
of diluent (Ringer’s solution of quarter strength); and with 
a fresh pipette, a 1:100 dilutions was prepared as stated 
above. One milliliter (1 ml) of undiluted wastewater was 
added to each of the two petri dishes, plus 20 ml of the 
required medium to each dish. This was mixed by rotating 
both clockwise and anticlockwise several times. It was 
incubated at 37 oC for 18-24 hours. Bacterial colonies 
numbering between 30 and 300 was counted; and 
reported as number of colonies/ml of sample.11,12 

Characterization of bacterial isolates 

Bacterial isolates from the wastewater samples were 
identified and characterized by microscopic examination, 
standard conventional biochemical and physiological tests 
and with API 20E kits. Bacterial cultures were examined for 
colony morphology, cell morphology, haemolysis on blood 
agar, odour (or characteristic smell), motility, DNase test, 
Catalase, Coagulase, Citrate test, Triple Sugar Iron test, 
Gram stain reaction and sugar fermentation tests 
according to Microbiology Practical Handbook.11 In 
addition, Citrobacter, Klebsiella, and Enterobacter species 
were confirmed using API 20E kit (Analytical Profile Index), 
a biochemical panel for identification and differentiation 
of members of the family Enterobacteriaceae and the 
software APIWEB (Biomérieux, France) was used to 
interpret results after incubation of the organism in each 
chamber according to the instruction provided by the 
manufacturer. 

Antimicrobial Susceptibility Test 

Antimicrobial susceptibility of bacterial isolates to 
antimicrobials agent was determined using Kirby Bauer 
disc diffusion technique according to the Clinical and 
Laboratory Standards Institute guidelines (2016) on 
Mueller Hinton Agar (MHA) plate (Oxoid, Ltd). An 
overnight colony was transferred into test tube with 5 ml 
sterile water adjusted to obtain a turbidity matching of 0.5 
McFarland turbidity standards. Standardized isolates were 
seeded on MHA plate and the following antibiotics were 

used: Penicillin (10 g), ceftriaxone (30 g), cefotaxime (30 

g), gentamicin (10 g), nalidixic acid (30 g), tetracycline 

(30 g), ciprofloxacin (5 g), sulphonamide/trimethoprim 

(23.75/1.25 g), chloramphenicol (30 g), lincomycin (15 

g), erythromycin (15 g), imipenem (10 g), clindamycin 

(2 g), vancomycin (30 g), ceftazidime (30 g) (Oxoid, 
Ltd). Antibiotic susceptible test results were interpreted as 
susceptible, intermediate or resistant according to the 
guidelines of Clinical and Laboratory Standards 
Institute.13,14 
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Determination of Multiple Antibiotic Resistance Index 
(MARI) 

Isolates were reported as multidrug resistant (MDR) when 
they exhibit resistant to at least three or more 
antimicrobial classes. E. coli ATCC 25922 was used as a 
quality control organism. MARI value was determined 
using the formulae MARI = x/y, where “x” was the number 
of antibiotics to which test isolates displayed resistance 
while “y” is the total number of antibiotics to which the 
test organism has been evaluated for sensitivity.14  

RESULTS 

Distribution of Bacterial species isolated from Hospital 
waste water 

A total of 147(73.5%) bacterial species were recovered 
from waste water emanating from hospitals in this study. 
Varying frequency of distribution of bacteria in different 
hospital waste water was seen with highest occurrence 
rate of 92 (46.0%) bacteria species isolated from College 
Veterinary Medical Clinic MOUAU (CVM) followed by 30 
(15.0%) from University Health Centre Services MOUAU 
(UHS) and the least occurrence rate of 25 (12.5 %) was 
recovered from Federal Medical Centre MOUAU (FMC) 
(Table 1). Among all bacterial species, S. aureus was most 
predominant isolate recording 22.58 % and Klebsiella 
pneumoniae 16.67 % as the second most predominant 
isolate while Shigella species and Citrobacter species (3.33 
%) were both the least predominant isolate from 
University Health Centre Services MOUAU (UHS) (Table 2). 
The frequency of bacteria isolated form wastewater 
samples from College Veterinary Medical, Clinic MOUAU 
(CVM) shows that E. coli was the most occurring bacteria 
recording 22.3%, Enterobacter species 11.9 % and S. 
aureus 10.8 % (Table 3). Other wastewater sample harbour 
high prevalence rate of 52.0 % of S. aureus and 12.0 % of 
both Proteus mirabilis and Escherichia coli while lower 
isolation rate of 2.0 % was documented against Arizona 
species, Klebsiella pneumoniae and Enterobacter species 
respectively (Table 4) 

Antimicrobial resistant profile of bacterial species 
recovered from Hospital waste water 

Majority of the bacterial species from UHS were 
phenotypically observed with resistant pattern of 50-100 
% against most of the test antimicrobial agent in this 
current study (Table 5). S. aureus and Enterobacter species 

obtained from College Veterinary Medicine, Clinic MOUAU 
(CVM) wastewater exhibited high level of resistant to 
cephalosporin, glycopeptide, macrolide, lincosamide, 
Tetracycline, Trimethoprim-Sulfamethoxazole and 
Chloramphenicol (Table 6). E. coli, S. aureus Enterobacter 
species and Arizona species were all susceptible to 
ciprofloxacin and imipenem (Table 7). Majority of the 
isolate recovered from waste water demonstrate resistant 
to most of the antibiotics with MARI mean average value 
within the range of 0.5-0.8 (Table 8).  

DISCUSSION 

Diverse bacterial species: Proteus mirabilis, Klebsiella 
pneumoniae, Escherichia coli, Staphylococcus aureus, 
Citrobacter species, Enterobacter species, Arizona species 
and Shigella species of environmental and clinically 
significant was reported in hospital waste water in this 
study. The detection of these bacteria is due to the fact 
that, hospital wastewater contains a diverse group of 
pathogenic, commensal and environmental bacteria. This 
observation is in agreement with other studies.9,15,16 S. 
aureus was the most predominant bacteria with isolation 
rate of 52.0%, 22.5%, 10.8% from the three studied 
locations. High-rate detection of S. aureus compared to 
other bacteria species is not surprising as it is one of the 
ubiquitous commensal bacteria commonly found in 
humans, animals, inanimate object etc. The characteristic 
composition of hospital wastewater and sewage make this 
reservoir a suitable ecological niche for the growth and 
spread of Multidrug resistance bacteria/genes due to 
selection pressure and horizontal gene transfer. High rate 
of MDR was detected in majority of the isolates in this 
study. Notably, E. coli was 50-100 % resistance to various 
antimicrobials, particularly to tetracycline, trimethoprim-
sulfamethoxazole, gentamicin, ceftriaxone and 
ciprofloxacin that are commonly used in hospital 
environment. Similar high rate of multi-drug resistance 
among E. coli strains from clinical, environmental origin 
and food from hospital has been reported in previous 
studies in different countries.9,17,18 Undoubtedly, the major 
mechanism of the observed multidrug resistance to 
antimicrobials is due to production of enzymes encoded 
for multidrug resistant genes carried on various plasmids, 
as such the presence of such gene in this E. coli isolates can 
contribute to horizontal transmission of multidrug 
resistance genes to other bacterial species in the 
wastewater and receiving downstream water bodies.19  

 

Table 1: Hospital wastewater samples collected from different sources: (MOUAU UHS; MOUAU CVM and FMC UMUAHIA) 
and their bacterial total isolates 

S/N Wastewater Sources Number of Samples Number of Bacterial Isolated 

1 University Health Centre Services, MOUAU (UHS) 60 30 (15.0 %) 

2 College of Veterinary Medicine, Clinic MOUAU (CVM) 80 92 (46.0 %) 

3 Federal Medical Centre, Umuahia (FMC) 60 25 (12.5 %) 

 Total 200 147(73.5 %) 
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Table 2: Bacterial isolated from waste water samples from MOUAU (UHS) 

Sources 
No. 

collected 
No. of 
Isolate 

Bacteria 

E. coli (%) S. aureus (%) 
K. pneumoniae 

(%) 
Arizona  spp 

(%) 
Enterobacter  spp 

(%) 

Shigella  spp 

(%) 

Citrobacter spp 
(%) 

Proteus 
mirabilis   (%) 

Ward 35 19 4 (21.05) 5 (26.32) 4 (21.05) 3 (15.78) 2 (10.53) 0 (0) 0 (0) 1 (5.26) 

laboratory 15 7 2 (28.57) 0 (0) 1 (14.29) 1 (14.29) 2 (28.57) 0 (0) 1 (14.29) 0 (0) 

Histopathology Lab 10 4 0 (0) 2 (50.0) 0 (0) 0 (0) 0 (0) 1 (25.0) 0 (0) 1 (25.0) 

Total 60 30 6 (20.0) 7 (22.58) 5 (16.67) 4 (13.33) 4 (13.33) 1 (3.33) 1 (3.33) 2 (6.67) 

Key: Histo Lab-Histopathology Laboratory, MOUAU-Michael Okpara University of Agriculture Umudike; UHS-University Health Services; n-number of bacterial isolates; (%)-
percentage of number of bacteria  

Table 3: Bacteria isolated from CVM, MOUAU 

Key: CVM = College Veterinary Medical, Clinic ML = Microbiology Laboratory, PL = Pathology Laboratory, PP = Pigpen, PT = Poultry farm  

Table 4: Bacteria Isolates from FMC, Umuahia. 

Sources No. collected No. Isolated Bacteria 

 E. coli (%) S. aureus (%) K. pneumoniae  (%) Arizona  spp (%) Enterobacter  spp (%) Proteus mirabilis (%) 

DL 30 20 3 (15) 10 (50) 2 (10) 1 (5) 2 (10) 2 (10) 

HL 30 5 0 (0) 3 (60) 0 (0) 1 (20) 0 (0) 1 (20) 

Total 60 25 3 (12) 13 (52) 2 (8) 2 (8) 2 (8) 3 (12) 

Key: DL = Diagnostic Laboratory unit, HL = Histopathology unit 

Sources 
No. 

collected 
No. 

Isolated 
Bacteria 

 E. coli (%) S. aureus(%) 
K. pneumoniae  

(%) 

Arizona  spp 

(%) 

Enterobacter  spp 

(%) 

Shigella  spp 

(%) 

Citrobacter spp 

(%) 

Proteus mirabilis 

(%) 

ML 35 16 7 (43.75) 5 (31.25) 1 (6.25) 1 (6.25) 0 (0) 0 (0) 0 (0) 2 (12.5) 

PL 15 10 1 (10.0) 3 (30.0) 1 (10.0) 1 (10.0) 1 (10.0) 0 (0) 0 (0) 3 (30.0) 

PP 15 47 10 (21.28) 2 (4.26) 7 (14.9) 8 (17.02) 8 (14.02) 5 (10.64) 4 (8.51) 3 (6.38) 

PT 15 19 3 (15.79) 0 (0) 3 (15.79) 4 (21.05) 2 (10.53) 2 (10.53) 3 (15.79) 2 (10.5) 

Total 80 92 21 (22.83) 10 (10.87) 12 (13.04) 14 (15.23) 11 (11.96) 7 (7.61) 7 (7.61) 10 (10.8) 
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Table 5: Antibiotic resistance profile of bacteria isolated from wastewater samples from MOUAU (UHS) 

Bacteria species No. of isolated 
Resistant rate to Antibiotic (%)    

CRO CIP C CN E DA IPM MY NA P TE SXT VA 

E. coli 6 1(16.7) 3(50) 6(100) 0(0.0) ND ND 0(0.0) ND 3(50) ND 6(100) 6(100) ND 

K. pneumoniae 5 3(60) 0(0.0) 1(20) 0(0.0) ND ND 0(0.0) ND 3(60) ND 5(100) 5(100) ND 

Arizona  spp 4 4(100) 0(0.0) 0(0.0) 3(75) ND ND 0(0.0) ND 1(25) ND 4(100) 4(100) ND 

Enterobacter  spp 4 0(0.0) 3(75) 2(50) 0(0.0) ND ND 0(0.0) ND 2(50) ND 3(75) 4(100) ND 

Shigella  spp 1 0(0.0) 1(100) 1(100) 1(100) ND ND 0(0.0) ND 1(100) ND 1(100) 1(100) ND 

Citrobacter spp 1 1(100) 0(0.0) 1(100) 0(0.0) ND ND 0(0.0) ND 1(100) ND 1(100) 1(100) ND 

Proteus mirabilis 2 1(50) 1(100) 0(0.0) 1(100) ND ND 0(0.0) ND 1(50) ND 2(100) 2(100) ND 

S. aureus 7 ND 0(0.0) 7(100) 0(0.0) 5(71.4) 7(100) 0(0.0) 7(100) 7(100) 7(100) 7(100) 7(100) 6(85.7) 

Key: MOUAU-Michael Okpara University of Agriculture Umudike, UHS= University Health Services, ND-Not Done, CRO-Ceftriaxone,  CIP- Ciprofloxacin,  C-Chloramphenicol CN- 
Gentamicin, E-Erythromycin, DA-Clindamycin, IPM- Imipenem, MY- Lincomycin, NA- Nalidixic acid, P- Penicillin G, TE- Tetracycline, SXT-Trimethoprim-Sulfamethoxazole, VA- 
Vancomycin. 

Table 6: Antibiotics resistance profile of bacteria isolated from CVM, MOUAU 

Bacteria species No. of isolated Resistant rate to Antibiotic (%)    

  CRO CIP C CN E DA IPM MY NA P TE SXT VA 

E. coli 21 15(71.4) 0(0.0) 21(00) 3(14.3) ND ND 0(0.0) ND 9(42.9) ND 21(100) 21(100) ND 

K. pneumoniae 12 8(66.7) 3(25) 12(100) 0(0.0) ND ND 0(0.0) ND 12(100) ND 12(100) 12(100) ND 

Arizona  spp 14 13(92.9) 7(46.7) 14(100) 0(0.0) ND ND 0(0.0) ND 11(78.6) ND 14(100) 7(50) ND 

Enterobacter  spp 11 11(100) 0(0.0) 9(81.8) 0(0.0) ND ND 0(0.0) ND 11(100) ND 11(100) 11(100) ND 

Shigella  spp 7 6(85.7) 7(100) 5(71.4) 0(0.0) ND ND 0(0.0) ND 6(85.7) ND 7(100) 7(100) ND 

Citrobacter spp 7 7(100) 0(0.0) 7(100) 5(71.4) ND ND 0(0.0) ND 7(100) ND 7(100) 7(100) ND 

Proteus mirabilis 10 5(50) 10(100) 9(90) 3(30) ND ND 0(0.0) ND 6(60) ND 10(100) 10(100) ND 

S. aureus 10 ND 5(100) 10(100) 0(0.0) 10(100) 10(100) 0(0.0) 8(80) 2(20) 6(60) 10(100) 10(100) 5(50) 

Key: MOUAU-Michael Okpara University of Agriculture Umudike, CVM-college of Veterinary Medicine, ND-Not Done, CRO-Ceftriaxone, CIP- Ciprofloxacin,  C-Chloramphenicol CN- 
Gentamicin, E-Erythromycin, DA-Clindamycin, IPM- Imipenem, MY- Lincomycin, NA- Nalidixic acid, P- Penicillin G, TE- Tetracycline, SXT-Trimethoprim-Sulfamethoxazole, VA- 
Vancomycin. 
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Table 7: Antibiotics resistance profile of bacteria Isolates from FMC, Umuahia 

Bacteria species No. of isolated 
Resistant rate to Antibiotic (%)    

CRO CIP C CN E DA IPM MY NA P TE SXT VA 

E. coli 2 0(0.0) 0(0.0) 2(100) 0(0.0) ND ND 0(0.0) ND 2(100) ND 1(50) 2(100) ND 

K. pneumoniae 3 0(0.0) 2(66.7%) 3(100) 3(100) ND ND 0(0.0) ND 3(100) ND 3(100) 3(100) ND 

Arizona  spp 2 1(50) 0(0.0) 0(0.0) 0(0.0) ND ND 0(0.0) ND 2(100) ND 2(100) 2(100) ND 

Enterobacter  spp 2 0(0.0) 0(0.0) 1(50) 2(100) ND ND 0(0.0) ND 2(100) ND 2(100) 2(100) ND 

Proteus mirabilis 3 1(33.3) 2(66.7) 2(66.7) 3(100) ND ND 0(0.0) ND 3(100) ND 3(100) 3(100) ND 

S. aureus 13 ND 0(0.0) 11(84.6) 9(69.2) 13(100) 7(53.8) 0(0.0) 13(100) 9(69.2) 13(100) 13(100) 13(100) 13(100) 

Key: FMC-Federal Medical Centre, ND-Not Done, CRO-Ceftriaxone, CIP- Ciprofloxacin,  C-Chloramphenicol CN- Gentamicin, E-Erythromycin, DA-Clindamycin, IPM- Imipenem, MY- 
Lincomycin, NA- Nalidixic acid, P- Penicillin G, TE- Tetracycline, SXT-Trimethoprim-Sulfamethoxazole, VA- Vancomycin. 

 

Table 8: Multidrug resistance patterns of bacteria species isolated from wastewater 

Bacteria species Resistant to Antibiotic Number of test Antibiotic Mean average MARI value 

E. coli CRO,CIP, C, CN, NA, TE,SXT 8 0.5 

K. pneumoniae CRO,CIP, C, CN, NA, TE,SXT 8 0.6 

Arizona  spp CRO,CIP, C, NA, TE,SXT 8 0.5 

Enterobacter  spp CRO,CIP, C, CN, NA, TE,SXT 8 0.6 

Shigella  spp CRO,CIP, C, CN, NA, TE,SXT 8 0.6 

Citrobacter spp CRO,CIP, C, NA, TE,SXT 8 0.6 

Proteus mirabilis CRO,CIP, C, CN, NA, TE,SXT 8 0.7 

S. aureus CRO,CIP, C, CN, E, DA, MY, NA, P, TE,SXT, VA 12 0.8 

Key: CRO-Ceftriaxone, CIP- Ciprofloxacin,  C-Chloramphenicol CN- Gentamicin, E-Erythromycin, DA-Clindamycin, IPM- Imipenem, MY- Lincomycin, NA- Nalidixic acid, P- Penicillin G, 
TE- Tetracycline, SXT-Trimethoprim-Sulfamethoxazole, VA- Vancomycin 
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Multidrug resistance trend of majority of the waste water 
isolate recovered from CVM in this current study may be 
due to excessive use of antimicrobials particularly in 
veterinary medicine and thus mediate high selection 
pressure for resistant strains in the studied setting. The 
documented resistance to tetracycline in this study was 
unavoidable due to widespread use of oxytetracycline in 
community, hospital and animal husbandry in the country. 
MDR strains of Citrobacter species reported in this study is 
in support with high rate of antimicrobial resistance 
reported in Addis Ababa hospital9 while previous findings 
also showed MDR Citrobacter species causing severe 
morbidity and mortality in hospitalized patients.20 
Multidrug resistant Shigella species, Klebsiella 
pneumoniae, Enterobacter species in this study is in 
agreement with other findings.9,17 Klebsiella pneumoniae 
from hospital environment is widely known to carry genes 
coding for resistance to several antimicrobials including 
those producing ESBL and Klebsiella pneumoniae 
carbapenemase (KPC).21 

A total of 17 isolate of Enterobacter species was recovered 
from WWS in this study and this isolate is also claimed to 
serve as the reservoir of antimicrobial resistance genes. 
They are known to acquire numerous mobile genetic 
elements which contribute to fitness of the organism to 
colonize several environments and hosts. Horizontal 
transfer of resistance genes from Klebsiella pneumoniae is 
implicated to be the main reason for wide occurrence of 
MDR Enterobacter species in hospital environment.22 As 
such, detection of such MDR strains in hospital waste 
water sample in this study is an indication of risks 
associated with potential life-threatening infection as this 
isolates are causes of opportunistic nosocomial infections 
reported in most outbreaks23 as well as possible 
dissemination of MDR isolates conferring genetic markers 
to other bacterial communities.9 The observed 0.0% 
resistant to imipenem may result from low or in excessive 
use of carbapenem antibiotic in the studied setting. 
However, absent of carbapenem resistant in this study 
may not underscore its presence in waste water sample 
elsewhere but rather reflect the nature of the study 
design. Proteus mirabilis found in WWS from College of 
veterinary medicine/other sources were multidrug 
resistant as they resist majority of the test antibiotic. 
However, it is important to note that the Proteus mirabilis 
are opportunistic human and animal pathogens.24 Other 
studies reported that P. mirabilis strain identified in 
wastewater samples from Casablanca City, Morocco also 
exhibiting resistance to naphthalene, anthracene and 
antibiotics.25 

Arizona species exhibit Multidrug resistant in this study, 
although much is not known about this isolate but earlier 
study has reported the occurrence and distribution of 
serotypes of the Arizona group of Enterobacteriaceae 
among animals and man.26 Since most of our WWS were 
from CVM the presence of P. mirabilis is certain as 
organisms of the Arizona group have been discovered in 
epizootic infections of animals in which the mortality was 

high.26 In man they have appeared both in sporadic cases 
and in well-defined outbreaks of disease. The bacteria 
have been found in blood cultures and localized infections 
as well as in the stools of persons affected with gastro-
enteritis.26 The earlier findings show that Arizona species 
are primary excitants of disease while their multidrug 
resistant pattern is evidence in this study to support their 
pathogenicity. The observed MDR phenotype with MAR 
index within the range of 0.5-0.8 indicate high antibiotic 
contamination of hospital waste water due to excessive 
use of antibiotic and poor treatment of hospital waste in 
the studied area.  

CONCLUSION 

The findings of this study reported the presence of 
multidrug-resistant strains of Proteus mirabilis, Klebsiella 
pneumoniae, Escherichia coli, Staphylococcus aureus, 
Citrobacter species, Enterobacter species, Arizona species, 
and Shigella species in hospital waste water. The level of 
MDR in isolates obtained from CVM, UHS and FMC 
demonstrated similar antimicrobial resistant pattern of 50-
100 % to most of the tested antibiotics with High MARI 
index of 0.5-0.8. Since most of this strain exist as 
allochthonous in waste water possible dissemination of 
such MDR strains carrying resistance genetic markers may 
impose high risk of spread of resistance genes to less 
sensitive autochthonous microbial communities in the 
environment. Therefore, waste water emanating from 
hospital environment should be treated before been 
released to the surrounding ecological niche. Concerted 
efforts in evaluating the resistant profile and virulence 
nature of waste water bacteria is necessary and is hereby 
recommended. 
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