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Globally, the widespread development of resistance to antibiotics in bacteria is a major challenge in drug therapy. Unregulated 
wastewater discharge aid in transiting antibiotics resistant bacteria in the environment, and exposure to these organisms constitute 
a significant threat to public health. This project studied the resistance profile of Enterobacteriaceae from sewers of Oluyoro Catholic 
Hospital, Ibadan. Wastewater samples from sewer drains were obtained from four different sampling points which included: the 
Maternity ward, the Theater, Laundry and Obstetrics and Paediatrics (OPD). The Biochemical Oxygen Demand (BOD) values of all 
sampling points were well above the permissible limit set by World Health Organization (WHO). The results of the microbiological 
analysis of the wastewaters showed variations in the wastewater quality. The total heterotrophic bacteria count ranged from 1.56 
× 107 to 1.65 × 109 cfu/ml. The coliform count ranged from 0.51 × 107 to 0.79 × 109 cfu/ml. A total of 67 isolates from 7 genera were 
recovered from these samples, in the following proportion: 32.8% Escherichia coli, 17.9% Proteus sp, 16.4% Klebsiella sp., 14.9% 
Enterobacter sp, 7.5% Salmonella sp, 6% Serratia sp and 4.5% Providentia sp. These isolates were tested against 8 different classes of 
antibiotics which included; Chloramphenicol, Tetracycline, Imipenem, Gentamycin, Sulfamethoxazole/Trimethoprim, Streptomycin, 
Ceftazidime, Ciprofloxacin. The isolates displayed the following resistance pattern: Chloramphenicol-37%, Imipenem-10%, Cipro-
floxacin-3%, Sulfamethoxazole- 80%, Tetracycline- 67%, Gentamycin- 12% and Ceftazidime- 22%, Streptomycin- 70%. More than 
95% of the test isolates showed Multiple Antibiotics Resistance (MAR) distributed among two to six classes of antibiotics, with MAR 
index ranging from 0.25 - 0.75. The high prevalence of Multiple Antibiotics Resistant (MAR) Enterobacteriaceae obtained from these 
sewers presents the environment as a high risk source. Wastewaters can serve as a direct or indirect source of disease to both hu-
mans and animals by conveying virulent multiple antibiotics resistant pathogens. Measures should therefore be in place to avert the 
likelihood of an epidemic.

Introduction

The high prevalence of diseases caused by organisms resistant to antibiotics in different regions of the world indicates an alarming 
global problem that requires rapid adequate action [1,2]. Resistance to antimicrobials has been reported with a notable frequency in 
species belonging to the family Enterobacteriaceae, among other bacterial families, in sources including animals and food [1,3,4]. 
Enterobacteriaceae family contains a large number of genera that are biochemically and genetically related to one another. This group of 
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organisms include several that cause primary infections of the human gastrointestinal tract. Members of this family are major causes of 
nosocomial and opportunistic infections [1]. The spread of Enterobacteriaceae that produce extended-spectrum β-lactamases (ESBLs) 
and other multidrug-resistant (MDR) organisms in both community and hospital based populations potentially limits the availability of 
suitable antimicrobials to treat such infections [5]. In the USA alone, ESBL resistance among Enterobacteriaceae, was reported to have 
caused approximately 1,700 deaths with medical costs per infection in excess of $40,000 US dollars [6].

The role of the environment as an important source and dissemination route of resistance has been increasingly recognized [7]. One 
of the main reservoirs of antibiotics resistant bacteria (ARB) and antibiotics resistant genes (ARG) and the source of their spread in the 
natural environment are wastewater treatment plants (WWTPs) [8-10] and treated wastewater discharged to surface water bodies [11-
13]. WWTPs receiving high concentrations of microbial contaminants of wastewater from hospitals, agriculture, and industry stimulate 
the transfer of genetic information between pathogenic and environmental microorganisms. In addition, the conditions prevailing in 
wastewater treatment plants, such as a high content of microorganism populations, the relative abundance of nutrients, and the presence 
of sub-threshold levels of antibiotic substances in wastewater [11], provide an environment favourable for the survival of ARB and the 
transfer of ARGs. This study therefore sought to determine the occurrence and antibiotics susceptibility profile of common pathogenic 
bacterial species belonging to the family Enterobacteriaceae in wastewater originating from an hospital environment in Ibadan.

Materials and Methods 

Description of study sites

Oluyoro Catholic Hospital Ibadan is a Catholic Church owned Hospital in Ibadan North-East local government area of Oyo State, Nigeria. 
Oluyoro Catholic Hospital Ibadan is located at Oluyoro, Oke-Ofa, Ibadan, Oyo State.

Sample collection 

According to the standard methods of [14] 500 ml sewage samples were collected on four sampling days between July and August 2016 
at the following sampling sites: the Maternity ward, the Theater, the Laundry; and the Obstetrics and Paediatrics (OPD). The collections 
were done in the early hours of the morning and transported to the laboratory for bacteriological analysis.

Physico-chemical analysis of the water samples 

The physico-chemical analyses of the water samples were performed using standard analytical methods. Parameters with extremely 
low stability such as temperature and pH were determined on the field using thermometer and pH meter respectively. Chemical oxygen 
demand (COD), Total suspended solid (TSS), pH, Determination of nitrate, Chloride determination, Determination of Dissolved Oxygen 
(DO) and Biochemical Oxygen Demand were determined using standard methods of APHA [14]. Turbidity was determined using Secchi 
disc method and nitrate was determined using salicyclic acid.

Culture media 

Nutrient agar, MacConkey and Eosin methylene blue agar were used for enumeration and isolation of enteric organisms. These media 
were prepared according to the manufacturer’s specification.

Isolation and identification procedures 

Serial dilution was carried out on the water samples up to a 6-fold dilution factor. Pour plate method was used for both heterotrophic 
bacteria count and isolation of enteric bacteria. The total heterotrophic count was done on Nutrient agar while isolation of the enteric 
bacteria was done on Eosin Methylene Blue Agar and MacConkey Agar. The plates were incubated for 24 - 48 hours at 37°C. Distinct 
colonies were subcultured on freshly prepared MacConkey agar plates and repeated streaking was done to obtain pure cultures. 
Furthermore, the bacterial isolates were characterized according to morphological characteristics and biochemical tests (Gram staining, 
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Catalase test, Oxidase test, Citrate utilization, Sulphide test, Indole and Motility test, Starch hydrolysis, Nitrate reduction test, Methyl-Red, 
Voges-Proskauer test, Urease test, Oxidation/Fermentation of glucose) were performed according to the method of [15] Olutiola., et al. 
2000, and identified using the guidelines of Bergey’s Manual of Determinative Bacteriology [16].

Antibiotic susceptibility tests 

Antibiotic susceptibility screening was performed based on Kirby-Bauer disc diffusion method [17]. The Isolates were grown on 
Mueller Hinton Agar for 24 hours, three to five colonies of each isolate was suspended in 0.85% saline solution to achieve a turbidity 
equivalent to 0.5 McFarland standard. Using sterile cotton swab sticks, the isolates were swabbed on the entire surface of the freshly 
prepared Mueller Hinton Agar and then eight antibiotics impregnated discs which included: Ceftazidime, Chloramphenicol, Gentamycin, 
Ciprofloxacin, Imipenem, streptomycin and Sulfamethoxazole/Trimethoprim and Tetracycline were aseptically placed on the inoculated 
Mueller Hinton agar plates using sterile forceps. The plates were incubated for 18 hours at 37°C. Zones of inhibition were measured (mm) 
and classified as resistant, intermediate or sensitive in accordance with the standard set by Clinical Laboratory Standards Institute [18] 
guidelines.

Results

Physico-chemical analysis of Oluyoro hospital wastewater

The physico-chemical parameters of the wastewaters showed several variation with WHO standard for wastewaters. The results are 
presented in table 1.

Parameters Maternity Theater Laundry OPD WHO guide value
pH 6.56 6.67 6.69 6.73 6.5 - 8.5

Temperature (°C) 26.1 26.7 26.5 26.5 < 35°C
Salinity (mg/L) 180.1 180.7 182.00 190 80-200
Turbidity (NTU) 16.89 25.78 24.75 34.73 5.0

Total Dissolved Solids (mg/L) 147 139 53 151 2000
Dissolved Oxygen(mg/L) 24 20 41.5 23 > 10

Biochemical Oxygen Demand 51.27 9.5 42.12 40.65 30
Chemical Oxygen Demand(mg/L) 65.2 68.00 79.7 85.6 600

Lead (mg/L) 0.03 0.07 0.01 0.01 < 1.0
Zinc (mg/L) 0.02 0.02 0.03 0.05 < 1.0

Table 1: Physico-chemical analysis of Oluyoro hospital wastewater.

Total heterotrophic bacterial count and coliform count of Oluyoro hospital wastewater

The total heterotrophic bacteria count ranged from 1.56 × 107 to 1.65 × 109 cfu/ml; while the coliform count ranged from 0.51 × 107 
to 0.79 × 109 cfu/ml. The results of the heterotrophic bacterial count and the coliform count are presented in table 2 and 3 respectively.

Frequency of occurrence of Enterobacteriaceae from Oluyoro catholic hospital wastewater 

A total of 67 isolates were recovered from these samples, in the following proportion: 32.8% Escherichia coli, 17.9% Proteus spp, 16.4% 
Klebsiella spp., 14.9% Enterobacter spp, 7.5% Salmonella spp, 6% Serratia spp and 4.5% Providentia spp. The results are presented in 
figure 1.
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Sampling 
points

July (15/7/2016)

(×107 cfu/ml)

July (29/7/2016) 
(×107 cfu/ml)

August (12/8/2016) 
(×107 cfu/ml)

August (28/8/2016) 
(×107 cfu/ml)

Mean coliform 
Count (×107 cfu/ml)

Maternity 1.65 1.75 1.69 1.75 1.71
Laundry 1.87 1.83 1.83 1.80 1.83
Theater 1.56 2.65 1.67 2.51 2.09

OPD 158 165 150 135 152

Table 2: Total heterotrophic bacterial count of Oluyoro hospital wastewater. 
Legend: cfu/ml: Coliform Forming Units per ml.

Sampling 
points

July 
(15/7/2016) 
(×107 cfu/ml)

July (29/7/2016) 
(×107 cfu/ml)

August (12/8/2016) 
(×107 cfu/ml)

August (28/8/2016) 
(×107 cfu/ml)

Mean coliform 
Count (×107 cfu/ml)

Maternity 0.65 0.55 1.0 0.67 0.72
Laundry 0.51 0.59 0.73 0.54 0.59
Theater 0.8 0.93 0.71 0.59 0.76

OPD 75 79 69 12 59

Table 3: Total coliform count of Oluyoro hosiptal wastewater. 
Legend: cfu/ml: Coliform Forming Units per ml.

Figure 1: Percentage occurrence of Enterobacteriaceae from Oluyoro catholic hospital wastewaters.
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Antibiotics susceptibility profile

The isolates displayed the following resistance pattern to various antibiotics employed: Ceftazidime-22%, Imipenem-10%, 
Ciprofloxacin-3%, Gentamycin-12%, Streptomycin-70%, Sulfamethazine/Trimethoprim-80%, Chloramphenicol-37% and 
Tetracycline-67%. The result is shown in figure 2.

Figure 2: Percentage resistance of the isolates to the antibiotics

Determination of multiple antibiotics resistance index

The multiple antibiotics index (MAR) was calculated using the formula, MAR = a/b where “a” is total number of antibiotics shown 
resistance by an individual isolate/organism and “b” is the total number of antibiotic used in the study [19]. The MAR exhibited by the 
isolates ranged from 0.25 - 0.75.

Phenotypic resistance 
pattern

Percentage 
resistance

MAR 
Index

Identified organism (isolate code)

IPM-SXT-S 37.5 0.38 E. coli (L1A)
TET-IPM-C-SXT-S 50 0.50 Klebsiella sp. (L1B)

TET-C-SXT-S 50 0.50 Proteus sp. (LIC)
TET-SXT-S 37.5 0.38 Enterobacter sp. (L1D)

CAZ-CN-TET-SXT-S 62.5 0.63 Enterobacter sp. (L2A), E. coli (L2C, L2D, M2D, M4A, 
O6B)

SXT-S 25 0.25 Enterobacter sp. (L3B), Klebsiella sp. (M4B, T4B), Ser-
ratia sp.(M4C)

C-SXT-S 37.5 0.38 E. coli (L3A, O3B), Enterobacter sp. (M2B), Klebsiella 
sp. (O3C)
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SXT 12.5 0.13 E. coli (L3C)
TET-S 25 0.25 Proteus sp. (T2A, O2D)

TET-C-SXT 37.5 0.38 Serratia sp. (L4A),

Proteus sp. (M5A), E. coli (O2B), Klebsiella sp. (O5B)
CN-C-S 37.5 0.38 Serratia sp. (L4C)

CN-SXT-S 37.5 0.38 Klebsiella sp.(M1A), E. coli (M1C)
CN-SXT 25 0.25 Klebsiella sp. (M1B)

CN-C-SXT-S 50 0.50 E. coli (M1D)
CAZ-CIP-TET-C-SXT-S 75 0.75 Enterobacter sp. (M2C)

CAZ-CIP-SXT-S 50 0.50 Proteus sp. (M3B)
CAZ-TET-C-SXT-S 62.5 0.63 Klebsiella sp. (M3D)

CN-C-SXT 37.5 0.38 E. coli (T2C)
CAZ-CN-TET-SXT 50 0.5 Enterobacter sp (T1A)

CN-TET-C-SXT 50 0.5 Klebsiella sp.(T3A)
CAZ-TET-C-SXT 50 0.5 Proteus sp. (T3B), Klebsiella sp. (O5C)

CAZ-CIP-CN-TET-C-SXT 62.5 0.63 Enterobacter sp. (T3C)
CAZ-TET-SXT-S 50 0.5 Proteus sp. (T4B), Enterobacter sp. (O6A)

IPM-SXT 25 0.25 Klebsiella sp. (T4D)
CN-TET-IPM-C-SXT 62.5 0.63 E. coli (O1A)

TET-SXT 25 0.25 Proteus sp. (O2A)
CIP-CN-TET-SXT-S 62.5 0.63 Proteus sp. (O2C)

CIP-S 25 0.25 Klebsiella sp. (O3A)
TET-C 25 0.25 E. coli (O5A)

Table 4: Antibiotic susceptibility profile of Enterobacteriaceae from Oluyoro hospital wastewater  
Legend: CAZ: Ceftazidime; CIP: Ciprofloxacin; C: Chloramphenicol; Imp: Imipenem; CN: Gentamycin; S: Streptomycin;  

SXT: Sulfamethoxazole; TET: Tetracycline.

Discussion

The isolates recovered from the different sampling points belonged to seven genera; E. coli, Klebsiella sp., Proteus sp., Enterobacter 
sp., Salmonella sp., Serratia sp. and Providencia sp. This agrees with the works of [20-22] who reported the presence of these genera in 
wastewaters. E. coli had the highest frequency of occurrence, this concurs with the findings of [23,24] who reported high prevalence of E. 
coli in hospital wastewaters. The results of the microbiological analyses of the wastewaters showed variations in the wastewater quality, 
this is in agreement with the works of [20] and [25] who reported variations in the microbiological qualities of wastewaters in Benin city 
and Minna. The result of the total bacteria count of the Wastewater samples showed variations and several inconsistencies in the microbial 
load of the different samples collected at different period of time. These variations might be due to the effect of certain environmental 
factors such as the availability of rainfall and anthropogenic activities. From the sampling periods, it was observed that high bacterial load 
was obtained during the rainy season as compared to the dry season this agrees with the work of [22]. The sewer drains, sampling point 
OPD recorded a very high bacterial load for every sampling. This may be as a result of high level of faecal contaminants present in the 
wastewater obtained from the sampling point. The lowest bacteria count was observed at the maternity ward. This might be as a result of 
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the presence of low organic matter concentration giving rise to low viability of the bacteria present. [26] noted that the presence of high 
bacterial load indicates a very high level of pollution and a reflection of the level of organic matter present.

The total bacteria count ranged between 1.56 × 107 and 1.65 × 109 cfu/ml. This is incongruous with the findings of [20] in University of 
Benin teaching hospital who reported total bacteria count of 3.3 × 103 - 2.5 × 1011 cfu/ml, this might be due to the difference in geographical 
locations of study sites, and the level of contamination present in the samples. 

The physico-chemical parameters of the wastewaters showed several inconsistency with WHO standard for wastewaters. The 
temperature values of the wastewater samples varied significantly amongst the different sampling points, though within the WHO 
permissible limit for temperatures of < 35ºC [27]. The highest turbidity was observed in sampling point OPD which was recorded to be 
34.73NTU which is far above the WHO permissible limit. The turbidity values obtained from these results indicates the level of pollution 
present in the samples. The turbidity values obtained from this observation was similar to the values of 16-35NTU reported by [20] and 
this may be related to apparent level of pollution going on in the hospital environment. The pH range fell within the WHO permissible 
limit of pH values for wastewater. This agrees with the findings of [20] who obtained a pH range between 6.5 - 7.5. Since the total dissolved 
solids and electrical conductivity values are indices of salinity hazard in water [28], the total dissolved solids present in the wastewaters 
showed slight variation amongst the sampling points but still fell within the permissible values of the World Health Organisation. The 
Biochemical Oxygen Demand (BOD) values of all sampling points were well above the permissible limit of 30mg/l set by WHO, indicating 
the rise in the pollutant level of all the samples [26]. This agrees with the findings of [20]. The Chemical Oxygen Demand (COD) values 
were all within the permissible limit of 600mg/l set by WHO for wastewater. The dissolved oxygen (DO) value of all sampling points were 
within the permissible limit of 10mg/l according WHO standard values. If wastewater remains untreated the level of dissolved oxygen are 
bound to reduce and might end up getting depleted, when this happens, this untreated wastewater might eventually find its way to the 
environment posing significant health hazards to humans and animals [29].

The results of the antibiotic susceptibility profile revealed that more than 95% of the test isolates were multidrug resistant with the 
range of resistance between 1 - 6 antibiotics were observed with the phenotypic resistance pattern TET-C-SXT-S occurring frequently. 
The data obtained from this present study showed that 22% of the isolates were resistant to Ceftazidime, 3% to Ciprofloxacin, 37% to 
Chloramphenicol, 10% to Imipenem, 12% to Gentamycin 70% to Streptomycin, 80% Sulfamethoxazole and 67% to Tetracycline.

The high percentage level of resistance recorded against Sulfamethoxazole, Streptomycin and Tetracycline in this study agrees with 
the findings of [30] and [31] who reported a high level of resistance against Streptomycin, Tetracycline and Chloramphenicol; this slightly 
disagrees with the findings of [32] who reported low resistance to chloramphenicol’s and tetracyclines. Enterobacteriaceae are of utmost 
concern because these organisms are inherently resistant to many hydrophobic antibiotics [22]. The prevalence of multiple antibiotic 
resistant enterics was high, this was observed in E. coli, Klebsiella sp. and Enterobacter sp. displaying multiple antibiotic resistance to five 
different classes of antibiotics. This study is in coherence with the work of [23] who found high prevalence of multidrug resistant gram-
negative bacteria isolated from hospital sewage; and the findings of [33] who reported E. coli, Klebsiella sp. and Enterobacter sp. showing 
multiple antibiotic resistance to different classes of antibiotics.

The highest MAR recorded against six different classes of antibiotics with phenotypic resistance patterns CAZ-CIP-TET-C-SXT-S and 
CAZ-CIP-CN-TET-C-SXT was exhibited by Enterobacter sp. (M2C) and Enterobacter sp. (T3C) with a MAR index of 0.75 and 0.63 respectively. 
Two major intrinsic mechanisms were reported to confer bacterial resistance to multiple antimicrobial drug classes: mutations in outer 
membrane porins resulting in reduced permeability to antimicrobials; and over expression of multidrug efflux pumps, which tend to 
pump out antibiotics before they (the antibiotics) have the opportunity of acting on their target [34,35]. In addition [34] observed that 
multiple antibiotic resistant bacterial strains may also arise due to unrelated mechanisms accumulating sequentially in an organism.
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Since antibiotic resistant strains can transfer resistance to formerly sensitive strains, maintenance of antibiotic resistance among these 
organisms may serve as a possible reservoir for antibiotic resistance encoding genes [36]. The rise in frequency of drug resistant isolates 
supports the view that wide spread use of antibiotics results in the selection of resistant strains carrying plasmid encoding resistance 
[37]. These resistant strains may spread into different ecological niches, including normal intestinal flora leading to a further increase in 
the number of multiple antibiotic resistant bacteria. 

Enterobacter and Klebsiella resistance to Carbapenems (Imipenem) might be as a result of their ability to produce an enzyme called 
carbapenemase which inhibits the activity of Carbapenems coupled with their environment giving rise to transfer of resistant traits to 
other micro-organisms. Several studies have shown the transfer of resistance plasmid between coliform bacteria in stagnant areas of 
sewage systems [38] multi drug resistant organisms are naturally fitter than the non-resistant micro-organisms and they can survive in a 
very harsh environment. Low resistance to ciprofloxacin a Fluoroquinolone and Imipenem a Carbapenem can be attributed to their mode 
of action by inhibiting DNA replication, while Carbapenem act by inhibiting peptidoglycan synthesis. While resistance to them might be as 
a result of the test isolates producing carbapenemase and production of extended spectrum beta lactamases as well as acquiring resistant 
plasmids from the environment which result in Fluoroquinolone and carbapenem resistance [39].

Conclusion

The high prevalence of Multiple Antibiotics Resistant (MAR) Enterobacteriaceae obtained from these sewers presents the environment 
as a high risk source. Waste-waters can serve as a direct or indirect source of disease to both humans and animals by conveying virulent 
multiple antibiotics resistant pathogens. Measures should therefore be in place to avert the likelihood of an epidemic.

Bibliography

1. Matar Ghassan M. “Emerging Enterobacteriaceae Infections: Antibiotic Resistance and Novel Treatment Options”. Frontiers in Micro-
biology 8 (2017): 509. 

2. Li B and Webster T J. “Bacteria Antibiotic Resistance: New Challenges and Opportunities for Implant-Associated Orthopaedic Infec-
tions”. Journal of Orthopaedic Research 36.1 (2018): 22-32. 

3. Bartley PS., et al. “Antibiotic Resistance in Enterobacteriaceae from Surface Waters in Urban Brazil Highlights the Risks of Poor Sani-
tation”. The American Journal of Tropical Medicine and Hygiene (2019). 

4. Amador P., et al. “Prevalence of Antibiotic Resistance Genes in Multidrug-Resistant Enterobacteriaceae on Portuguese Livestock Ma-
nure”. Antibiotics 8 (2019): 23.

5. Page MG. “Beta-lactam antibiotics”. In Antibiotic Discovery and Development Springer, Berlin, Germany (2012): 79-117.

6. CDC. “Antibiotic Resistance Freats in the United States”. CDC, Atlanta, GA, USA (2013).

7. Bondarczuk K., et al. “The Urgent Need for Risk Assessment on the Antibiotic Resistance Spread via Sewage Sludge Land Application”. 
Environment International 87 (2015): 49-55. 

8. Pruden A. “Balancing Water Sustainability and Public Health Goals in the Face of Growing Concerns about Antibiotic Resistance”. 
Environmental Science Technology 48 (2014): 5-14.

9. Kotlarska E., et al. “Antibiotic resistance and prevalence of class 1 and 2 integrons in Escherichia coli isolated from two wastewater 
treatment plants, and their receiving waters (Gulf of Gdansk, Baltic Sea, Poland)”. Environment Science Pollution Research 22 (2015): 
2018-2030.

https://www.frontiersin.org/articles/10.3389/fmicb.2017.00509/full
https://www.frontiersin.org/articles/10.3389/fmicb.2017.00509/full
https://onlinelibrary.wiley.com/doi/10.1002/jor.23656
https://onlinelibrary.wiley.com/doi/10.1002/jor.23656
https://www.ajtmh.org/content/journals/10.4269/ajtmh.18-0726?crawler=true
https://www.ajtmh.org/content/journals/10.4269/ajtmh.18-0726?crawler=true
https://www.ncbi.nlm.nih.gov/pubmed/30871244
https://www.ncbi.nlm.nih.gov/pubmed/30871244
https://www.sciencedirect.com/science/article/pii/S0160412015300957?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0160412015300957?via%3Dihub
https://pubs.acs.org/doi/10.1021/es403883p
https://pubs.acs.org/doi/10.1021/es403883p
https://www.ncbi.nlm.nih.gov/pubmed/25167818
https://www.ncbi.nlm.nih.gov/pubmed/25167818
https://www.ncbi.nlm.nih.gov/pubmed/25167818


Citation: AB Awolope., et al. “Occurrence of Multiple Antibiotics Resistant Enterobacteriaceae in Sewage Treatment Plants of Oluyoro 
Catholic Hospital, Ibadan Oyo State”. EC Microbiology 16.1 (2020): 01-10.

09

Occurrence of Multiple Antibiotics Resistant Enterobacteriaceae in Sewage Treatment Plants of Oluyoro Catholic Hospital, 
Ibadan Oyo State

10. Harnisz M and Korzeniewska E. “The prevalence of multidrug-resistant Aeromonas spp. in the municipal wastewater system and 
their dissemination in the environment”. Science and Total Environment 626 (2018): 377-383.

11. Rizzo L., et al. “Urban wastewater treatment plants as hotspots for antibiotic resistant bacteria and genes spread into the environ-
ment: A review”. Science and Total Environment 447 (2013): 345-360.

12. Yang Y., et al. “Fate of antibiotic resistance genes in sewage treatment plant revealed by metagenomic approach”. Water Research 62 
(2014): 97-106.

13. Berglund B., et al. “Urban wastewater effluent increases antibiotic resistance gene concentrations in a receiving northern European 
river”. Environmental Toxicology and Chemistry 34 (2015): 192-196. 

14. APHA. “Standard methods for the examination of water and wastewater”. 21st Edition. American Public Health Association”, Washing-
ton DC (2012).

15. Olutiola PO., et al. “Introduction to General Microbiology: A practical Approach”. 2nd Edition. Bolabay Publications, Ikeja, Nigeria. 
(2000).

16. Bergey DH. “Bergey’s Manual of Determinative Bacteriology”. 9th edition, Holt J.G (ed.) Williams and Wulkins Co. Baltimore (1994).

17. Bauer AW., et al. “Antibiotic Susceptibility Testing by a Standardized Single Disk Diffusion Method”. American Journal Clinical Pathol-
ogy 45 (1996): 493-496.

18. Clinical Laboratory Standards Institute. Performance standards for antimicrobial susceptibility testing. Twenty second informational 
supplement. Wayne, PA, USA: CLSI (2012): M100-S22.

19. Abat CJ., et al. “Evaluating the clinical burden and mortality attributable to antibiotic resistance: the disparity of empirical data and 
simple model estimations”. Clinical Infectious Disease (2017): S58-S63.

20. Ekhaise F and Omavwoya, B. “Influence of Hospital Wastewater Discharged from University of BeninTeaching Hospital (UBTH), Benin 
City on its Receiving Environment”. American-Eurasian Journal of Agriculture and Environmental Science 4.4 (2008): 484-488.

21. Astal, Z., et al. “Antibiotic resistance of bacteria associated with community-acquired urinary tract infections in the southern area of 
the Gaza Strip”. Journal of Chemotherapy 14 (2002): 259-264.

22. Omoni, VT., et al. “Prevalence of Multidrug Resistant Bacteria Isolated from Biomedical Waste Generated in Makurdi Metropolis, 
Benue State, Nigeria”. British Microbiology Research Journal. 10.3 (2015): 1-10.

23. Mustapha A and Imir, T. “Detection of Multidrug-Resistance Gram-Negative Bacteria from Hospital Sewage in North East, Nigeria”. 
Frontiers in Environmental Microbiology. 5.1 (2019): 1-7.

24. Aziz RJ., et al. “Antibiogram of Escherichia coli isolated from different hospitals wastewater in Erbil City, Iraq”. Iraqi Journal of Science 
55.2 (2014): 341- 351.

25. Oyeleke SB., et al. “The Microbiological effects of hospital wastes on the environment”. African Journal of Biotechnology 8.22 (2009): 
6253-6257.

26. Aluyi ASA., et al. “Effect of human activities and oil pollution on the microbiological and physiological quality of Udu River, Warri, 
Nigeria”. Journal of Applied of Sciences. 6.5 (2006): 1214-1219.

27. WHO. “World Health Organization Environmental health criteria” Principle for the safety assessment of food additives and contami-
nants in food, Geneva. No. 70 (2008).

https://www.ncbi.nlm.nih.gov/pubmed/29353783
https://www.ncbi.nlm.nih.gov/pubmed/29353783
https://www.ncbi.nlm.nih.gov/pubmed/23396083
https://www.ncbi.nlm.nih.gov/pubmed/23396083
https://www.sciencedirect.com/science/article/abs/pii/S0043135414003728
https://www.sciencedirect.com/science/article/abs/pii/S0043135414003728
https://www.ncbi.nlm.nih.gov/pubmed/25331227
https://www.ncbi.nlm.nih.gov/pubmed/25331227
https://www.standardmethods.org/
https://www.standardmethods.org/
https://www.ncbi.nlm.nih.gov/pubmed/5325707
https://www.ncbi.nlm.nih.gov/pubmed/5325707
https://clsi.org/media/2663/m100ed29_sample.pdf
https://clsi.org/media/2663/m100ed29_sample.pdf
https://www.ncbi.nlm.nih.gov/pubmed/28859341
https://www.ncbi.nlm.nih.gov/pubmed/28859341
https://www.researchgate.net/publication/267855764_Influence_of_Hospital_Wastewater_Discharged_from_University_of_Benin_Teaching_Hospital_UBTH_Benin_City_on_its_Receiving_Environment
https://www.researchgate.net/publication/267855764_Influence_of_Hospital_Wastewater_Discharged_from_University_of_Benin_Teaching_Hospital_UBTH_Benin_City_on_its_Receiving_Environment
https://www.ncbi.nlm.nih.gov/pubmed/12120880
https://www.ncbi.nlm.nih.gov/pubmed/12120880
https://www.researchgate.net/publication/282966768_Prevalence_of_Multidrug_Resistant_Bacteria_Isolated_from_Biomedical_Waste_Generated_in_Makurdi_Metropolis_Benue_State_Nigeria
https://www.researchgate.net/publication/282966768_Prevalence_of_Multidrug_Resistant_Bacteria_Isolated_from_Biomedical_Waste_Generated_in_Makurdi_Metropolis_Benue_State_Nigeria
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=384&doi=10.11648/j.fem.20190501.11
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=384&doi=10.11648/j.fem.20190501.11
https://www.semanticscholar.org/paper/Antibiogram-of-Escherichia-coli-Isolated-from-in-Aziz-Al-Zubaidy/568b343c94527bb3d9e7a0472ff38b91d4f5ffe8
https://www.semanticscholar.org/paper/Antibiogram-of-Escherichia-coli-Isolated-from-in-Aziz-Al-Zubaidy/568b343c94527bb3d9e7a0472ff38b91d4f5ffe8
https://www.ajol.info/index.php/ajb/article/view/60100
https://www.ajol.info/index.php/ajb/article/view/60100
https://scialert.net/fulltextmobile/?doi=jas.2006.1214.1219
https://scialert.net/fulltextmobile/?doi=jas.2006.1214.1219
https://www.who.int/ipcs/publications/ehc/en/
https://www.who.int/ipcs/publications/ehc/en/


Citation: AB Awolope., et al. “Occurrence of Multiple Antibiotics Resistant Enterobacteriaceae in Sewage Treatment Plants of Oluyoro 
Catholic Hospital, Ibadan Oyo State”. EC Microbiology 16.1 (2020): 01-10.

10

Occurrence of Multiple Antibiotics Resistant Enterobacteriaceae in Sewage Treatment Plants of Oluyoro Catholic Hospital, 
Ibadan Oyo State

28. Schwab, P., et al. “Heritability of phytoremediation potential for the alfalfa cultivar Riley in petroleum contaminated soil”. Water, Air, 
and Soil Pollution 177 (2003): 239-249.  

29. Hariharan H., et al. “Isolation of Escherichia fergusonii from the feces and internal organs of a goat with diarrhea”. Canadian Veteri-
nary Journal 48 (2007): 630-631.

30. Ayandiran TA., et al. “Antibiotic resistant pattern of isolated bacteria from Obere river in Orile-Ogbon, Oyo state, Nigeria”. African 
Journal of Microbiological Research 8 (2014): 1318-1322.

31. Aali R., et al. “Tracking of chloramphenicol, erythromycin, and sulfamethoxazole antibiotic-resistant bacteria from untreated waste-
water effluents to receiving river”. Environmental Health Engineering and Management Journal 6.2 (2019): 89-96.

32. Maloo A., et al. “Occurrence and distribution of multiple antibiotic-resistant bacteria of Enterobacteriaceae family in waters of Vera-
val coast”. India Environmental and Experimental Biology 12 (2014): 43-50.

33. Usha R., et al. “Occurrence of various beta lactamase producing Gram-Negative Bacilli in Hospital effluents”. Asian Journal of Pharma-
ceutical and Clinical Research 6 (2013): 0974 -2441.

34. Navon-Venezia S., et al. “Multidrug Resistant Acinetobacter baumanii”. Emerging Infectious Disease 8 (2005): 134-145.

35. Ashish J., et al. “Isolation and characterization of Pseudomonas species from Godavari river sample”. Asia Journal of Biotechnology 
Research 2 (2011): 862- 866.

36. Kumar HS., et al. “Prevalence and antibiotic resistance of Escherichia coli in tropical seafood”. World Journal of Microbiology and Bio-
technology 21 (2005): 619-623.

37. Oluyele O and Oladunmoye MK. “Antibiotics Susceptibility Patterns and Plasmid Profile of Staphylococcus aureus Isolated from Pa-
tients with Wound Infections Attending Four Hospitals in Akure, Ondo State”. Journal of Advances in Microbiology 3.4 (2017): 1-8.

38. Krumperman PH. “Multiple Antibiotic Resistance Indexing of Escherichia coli to identify high-risk sources of fecal contamination of 
foods”. Applied Environmental Microbiology 43 (2000): 165-170.

39. Falagas ME., et al. “Pandrug-resistant Gram-negative bacteria: the dawn of the post-antbiotic era?”. International Journal Antimicro-
bial Agents 29 (2007): 630-636.

Volume 16 Issue 1 January 2020
©All rights reserved by AB Awolope., et al.

https://link.springer.com/article/10.1007/s11270-006-9161-7
https://link.springer.com/article/10.1007/s11270-006-9161-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1876196/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1876196/
https://www.academia.edu/27661344/antibiotic_resistant_pattern_of_isolated_bacteria_from_Obere_river_in_Orile-Igbon_Oyo_state_Nigeria
https://www.academia.edu/27661344/antibiotic_resistant_pattern_of_isolated_bacteria_from_Obere_river_in_Orile-Igbon_Oyo_state_Nigeria
http://ehemj.com/article-1-506-en.html
http://ehemj.com/article-1-506-en.html
http://drs.nio.org/drs/handle/2264/4533
http://drs.nio.org/drs/handle/2264/4533
https://www.hindawi.com/journals/ijmicro/2019/1375060/
https://www.hindawi.com/journals/ijmicro/2019/1375060/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2946687/
https://www.researchgate.net/publication/328382691_Isolation_and_characterization_of_Pseudomonas_species_from_Godavari_river_sample
https://www.researchgate.net/publication/328382691_Isolation_and_characterization_of_Pseudomonas_species_from_Godavari_river_sample
https://link.springer.com/article/10.1007/s11274-004-3555-8
https://link.springer.com/article/10.1007/s11274-004-3555-8
https://www.researchgate.net/publication/317658673_Antibiotics_Susceptibility_Patterns_and_Plasmid_Profile_of_Staphylococcus_aureus_Isolated_from_Patients_with_Wound_Infections_Attending_Four_Hospitals_in_Akure_Ondo_State
https://www.researchgate.net/publication/317658673_Antibiotics_Susceptibility_Patterns_and_Plasmid_Profile_of_Staphylococcus_aureus_Isolated_from_Patients_with_Wound_Infections_Attending_Four_Hospitals_in_Akure_Ondo_State
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC239283/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC239283/
https://www.ncbi.nlm.nih.gov/pubmed/17306965
https://www.ncbi.nlm.nih.gov/pubmed/17306965

	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

