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Abstract 

This study is aimed at evaluating the persistence and probable changes in antibiotic susceptibility pattern 

of clinical isolates of enteric bacteria in environmental waters and wastewaters. The survival of clinical 

isolates of Escherichia coli, Enterobacter sp. and Klebsiella sp. was monitored for 21 days in pre-

sterilized freshwaters (distilled, borehole and river), and wastewaters (domestic, fishery, poultry and 

cattle) using the multiple tube fermentation technique. Kirby-Bauer agar disk diffusion assay was used 

to compare the antibiotic susceptibility of each isolate before and after exposure to environmental media. 

All three isolates persisted at their initial high populations (>1100 MPN/100 ml) for at least 3 d in all 

freshwaters and up to 6 d in the wastewaters. Thereafter, the long-term persistence of the isolates was 

dependent on the water or wastewater type, with significant reduction in E. coli and Enterobacter sp. 

populations (3–38 MPN/100 ml recorded after 21 d exposure) in distilled and borehole waters as well as 

cattle wastewater. Dissimilar to the susceptibility pattern of Klebsiella sp., E. coli and Enterobacter sp. 

exhibited a pattern of increased antibiotic resistance following exposure to all environmental media. 

Comparatively, isolates recovered from the wastewaters showed greater resistance than those from the 

freshwaters. The findings of this study underscore the public health risks associated with contamination 

of environmental media by these enteric bacteria. 

Keywords: Persistence; enteric bacteria; antibiotic susceptibility; water; wastewater; clinical isolate. 

INTRODUCTION 

Human development and population growth 

have continued to exert many diverse pressures 

on the quality, quantity, and access to water 

resources. Nowhere are the pressures felt as 

strongly as at the interface of water and human 

health (Maczulak, 2011). Water, which has 

been described by many as the most essential 

resource required for the survival of humanity, 

has received enormous environmental abuse. 

Due to the obvious direct impact of water 

quality and pollution on worldwide public 

health, it is expedient to understand the effect 

of water and wastewater sources on the extent 

to which microorganisms commonly 

associated with waterborne infections can 

persist; especially in water bodies that are 

vulnerable to point and non-point source 

pollution. Persistence is the ability of an 

excreted organism to survive outside the gut 

and is a measure of how quickly it dies after 

leaving the gut while the term survival refers to 

the ability of cells to retain their reproductive 

faculties in spite of, or because of prevailing 

conditions (Olayemi, 1993). 
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Of importance to public health is the presence 

and persistence of enteric bacteria in waters and 

wastewaters. Most important in this context are 

intestinal infections causing diarrhoea (Black 

et al., 2003). Ranging from a mild annoyance 

to a devastating dehydrating illness, diarrhoea 

is a leading cause of death around the world 

(Longo et al., 2012) that is frequently caused 

by gastrointestinal pathogens such as protozoa, 

viruses and bacteria including pathogenic 

strains of Escherichia coli, Enterobacter sp. 

and Klebsiella sp. that are often present in 

waters contaminated by faecal matter through 

wastes and wastewaters.  

Antimicrobial resistance is also a phenomenon 

of increasing significance in clinical and 

pharmaceutical microbiology of pathogens that 

borders greatly on the epidemiological 

importance (as regards the virulence potential) 

of waterborne pathogens involved in 

epidemics. Consequently, antibiotic 

susceptibility profiling of enteric pathogens is 

an essential tool in infectious disease 

forecasting. The prevalence of multiple 

antibiotic resistant (MAR) pathogens in 

wastewater is an indicator of severe health risks 

especially in communities that depend on the 

effluent-receiving waters for sundry purposes 

(Odjajare et al., 2012). Consequently, 

antibiotic susceptibility profiling and MAR 

indexing of enteric pathogens are considered 

essential tools for risk assessment in infectious 

disease forecasting (Raiz et al., 2011). 

This paper reports the persistence and changes 

in antibiotic susceptibility of enteric bacteria in 

seven different pre-sterilized environmental 

media comprising freshwaters, domestic and 

agricultural wastewaters over 21 days.  

 

MATERIALS AND METHODS 

Collection and analysis of water and 

wastewater samples 

Domestic wastewater samples were collected 

from bathroom and kitchen wastewater outlets 

of a students’ hall of residence at the University 

of Ilorin Main Campus. Three representative 

samples of agricultural wastewater were 

collected from livestock farms in Ilorin; cattle 

wastewater from the Veterinary Medicine 

Department of the University of Ilorin, and 

poultry and fishery wastewater from a small 

scale private farm located in the government 

residential area (GRA), Ilorin. Fresh water 

samples used were borehole water obtained 

from a source near the Senate Building, 

University of Ilorin and river water from Asa 

River, a major source of water to residents in 

many parts of Ilorin town. It is of note that 

industrial, agricultural and domestic effluents 

are discharged into this river. Distilled water 

was prepared in the laboratory. All samples 

were transported to the laboratory after 

collection for physicochemical analysis. The 

physicochemical properties measured were pH, 

temperature and turbidity using a laboratory pH 

meter, mercury-in-glass thermometer, and 

spectrophotometer at 460nm wavelength, 

respectively.  

 

Bacterial isolation from faecal materials and 

preparation of pure bacterial suspensions 

Clinical faecal samples were obtained from the 

Microbiology Laboratory, University of Ilorin, 

Teaching Hospital (UITH), Ilorin, Kwara State 

for isolation of Escherichia coli, Enterobacter 

sp. and Klebsiella sp. The pour-plate technique 

was used in isolating the organisms from the 

stool samples using selective and differential 

media; Eosin Methylene Blue (EMB) agar for 

Escherichia coli and Enterobacter sp. and 

Cysteine Lactose Electrolyte Deficient (CLED) 

agar for Klebsiella sp. Samples were serially 

diluted sufficiently before plating (Prescott et 

al., 2002). The bacterial colonies were 

identified by distinct colonial features after 

incubation at 37°C for 24 hours. Stocks were 

made on nutrient agar slants after sub-culturing 

to obtain pure colonies. For the purpose of the 

standardizing the inocula used for the survival 

experiment, the pure bacterial cultures were 

maintained in nutrient broth flasks on the 

orbital shaker for 48-72 hours for optimal 
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growth. The cells were then harvested from the 

broth by centrifugation at 3500 rpm for 5 

minutes; repeated washing of cell suspension 

with phosphate buffered solution (PBS) by 

centrifugation was carried out until pure cell 

pellets were obtained. The cell pellets were 

finally suspended in PBS and stored in the 

refrigerator at about 4°C for not more than four 

days before use. The inoculum size was 

standardized to approximately 1.2 × 106 

CFU/100ml using the McFarland’s turbidity 

standards before inoculation into the pre-

sterilized water samples. Previously, water and 

wastewater samples were sterilized by repeated 

autoclaving (121°C for 15 minutes) at 3 days 

intervals to ensure that all microbial spores 

were totally destroyed and bacterial re-growth 

prevented. 

 

Evaluation of bacterial persistence in 

environmental waters and wastewaters 

The survival of the test organisms was 

monitored using the multiple tube fermentation 

technique for Most Probable Number (MPN). 

The media were maintained in air-tight 500ml 

conical flasks at room temperature with gentle 

agitation at 100 rpm to allow aeration in the 

flasks. Microbial enumeration was done at 

defined intervals of 0, 3, 6, 9, 13, 17 and 21 

days. Multiple tube fermentation was done by 

inoculating 10ml, 1ml and 0.1ml of the seeded 

environmental media, in triplicates, into 10ml 

of sterile lactose broth in test tubes containing 

Durham tubes and incubating at 35°C for 18-

24 hours. Increase in turbidity and presence of 

bubbles in Durham tubes due to lactose 

fermentation and gas production indicated 

positive tubes for bacterial growth. However, 

when obvious lactose fermentation was 

observed with little or no gas production 

following incubation for the first 24 hours, 

extended incubation for up to 48-72 hours was 

carried out. Especially, strains of Klebsiella 

species have long been reported to demonstrate 

variable gas production during lactose 

fermentation in the first 24 hours (Cabelli and 

Pickett, 1953; Bagley and Seidler, 1977; 

Naemura et al., 1979; Bagley et al., 1981). The 

combinations of positive and negative tubes 

were then used in determining the MPN values 

with reference to the standard table (Prescott et 

al., 2002). 

 

Evaluation of changes in antibiotic 

susceptibility pattern of unexposed and 

exposed isolates 

The agar disk diffusion assay according to 

Kirby-Bauer protocol (Bauer et al., 1966) was 

used in the comparative antibiotic 

susceptibility evaluation of each isolate before 

and after the exposure to environmental media. 

The surviving cells after 21 days of exposure to 

environmental media were recovered on the 

appropriate agar media. To evaluate the effect 

of the environmental exposure on the antibiotic 

susceptibility of the clinical isolates, the 

unexposed and exposed cells were first 

standardized (1.5 × 108 CFU/ml) as described 

above and then 1 ml aliquot of their 

suspensions was separately introduced onto the 

solidified surface of Mueller-Hinton agar 

plates. The inoculated plates were then pre-

incubated for 6 hours before the multi-disc 

antibiotic rings were carefully placed on the 

agar. The antibiotic rings used comprised eight 

antibiotic-impregnated paper discs as follows: 

ceftazidine (30µg), cefuroxime (30µg), 

gentamicin (10µg), ciprofloxacin (5µg), 

ofloxacin (5µg), amoxycillin/clavulanate 

(30µg), nitrofurantoin (300µg) and ampicillin 

(10µg). The zones of inhibition were measured 

and recorded after appropriate incubation for 

24-48 hours and interpreted using the Clinical 

Laboratory Standards Institute interpretative 

criteria (CLSI, 2016). MAR index for each 

isolate was calculated as the ratio of the number 

of antibiotics to which the isolate was resistant 

and the total number of antibiotics against 

which individual isolate was tested (Blasco et 

al., 2008). 
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RESULTS 

The physicochemical properties of the seven 

environmental media including representative 

domestic and agricultural wastewaters, and 

freshwaters were analyzed. Temperature range 

was 27.0°C to 28.5°C, with the highest 

recorded in poultry wastewater and the lowest 

in the freshwaters (borehole and river). The pH 

range was 6.85 to 7.76, the lowest being in 

domestic wastewater and highest, river water. 

The turbidity of the media varied with respect 

to the source and colour/appearance of the 

samples. The highest turbidity was recorded in 

cattle wastewater, followed by domestic and 

poultry wastewaters, fishery wastewater and 

the lowest in the freshwaters (distilled, 

borehole and river). All wastewaters had 

visible suspended solids while freshwaters had 

little or no suspended solid content (Table 1). 

The persistence of the clinical isolates in 

environmental water and wastewater samples 

is presented in Tables 2 and 3, respectively. In 

the first 3 days, E. coli, Enterobacter sp. and 

Klebsiella sp. maintained their initial high 

populations (>1100 MPN/100 ml) in the 

freshwaters (i.e. distilled, borehole and river 

water). Thereafter, the cell numbers of the 

isolates declined either gradually or rapidly, 

depending on the water type (Table 2). For 

instance, while high population of E. coli was 

maintained in both the distilled and river water 

up to 13 d, appreciable reduction in E. coli cell 

number was recorded by 9 d in borehole water. 

Though E. coli survived after 21 d of exposure 

in the three freshwater types, the cell number 

had significantly reduced. Enterobacter sp. 

maintained its initial high population for a 

significantly longer time in river water (17 d) 

than in borehole water (9 d) and distilled water 

(3 d). Although the cell persisted, significant 

reduction in Enterobacter sp. population was 

recorded after 21 d exposure, particularly in 

distilled and borehole waters. However, 

Klebsiella sp. maintained its initial high 

population (>1100 MPN/100ml) in all the 

freshwaters throughout the 21 d of exposure 

(Table 2). 

 

Table 1: Physicochemical properties of environmental water and wastewater samples 

Environmental 

media 
Type  Colour/Appearance 

Temperature 

(oC) 
pH 

Turbidity 

(Å) 

Water Distilled  Transparent, clear 27.5 7.17 0.5 

 Borehole Transparent, clear 27.0 6.98 0.5 

 
River Transparent, plant matter and 

soil particles present 
27.0 7.76 0.6 

Wastewater 
Domestic Cloudy, few suspended 

particles 
27.2 6.85 1.0 

 
Fishery Transparent, few suspended 

particles 
27.5 6.95 0.7 

 
Poultry 

Yellow, moderate suspended 

solid content 
28.5 6.86 1.0 

 

Cattle 
Brown, high suspended solid 

content 
27.5 7.62 1.1 
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In all the wastewaters investigated, E. coli, 

Enterobacter sp. and Klebsiella sp. persisted 

for the first 6 d at their initial high populations 

(>1100 MPN/100 ml). Akin to the observation 

in the freshwater, the long-term persistence of 

the isolates was dependent on the wastewater 

type (Table 3). While E. coli cell number 

declined appreciably by 9 d in the domestic 

wastewater (290 MPN/100 ml), this level of 

cell reduction was reached in fishery and 

poultry wastewaters after 17 d and 21 d, 

respectively. While Enterobacter sp. 

population reduced significantly in fishery 

wastewater by 9 d and in cattle wastewater by 

13 d, the initial high cell numbers did not 

declined significantly until 17 d in poultry 

wastewater and 21 d in domestic wastewater. 

Similar to its persistence in freshwaters, 

Klebsiella sp. maintained its high population in 

all wastewaters investigated throughout the 

duration of exposure (Table 3). 

 

Table 2: Persistence of bacteria in different environmental waters  

Water Isolate 
Cell Number (MPN/100 ml) 

Day 0 Day 3 Day 6 Day 9 Day 13 Day 17 Day 21 

Distilled Escherichia coli 
>1100 

>1100 

(29.5)* 

>1100 

(12.6) 
>1100 >1100 23 38 

Enterobacter sp. >1100 >1100 290 160 54 38 38 

Klebsiella sp. >1100 

(29.5) 
>1100 

>1100 

(29.5) 
>1100 

>1100 

(460) 
>1100 >1100 

  Cell Number (MPN/100 ml) 

Day 0 Day 3 Day 6 Day 9 Day 13 Day 17 Day 21 

Borehole Escherichia coli >1100 

(29.5) 
>1100 

1100 

(32) 
460 160 210 11 

Enterobacter sp. >1100 >1100 >1100 >1100 160 160 3.6 

Klebsiella sp. 
1100 

>1100 

(29.5) 

>1100 

(29.5) 

>1100 

(36) 

>1100 

(460) 
1100 1100 

  Cell Number (MPN/100 ml) 

Day 0 Day 3 Day 6 Day 9 Day 13 Day 17 Day 21 

River Escherichia coli >1100 

(12.6) 
>1100 

>1100 

(12.6) 
>1100 >1100 290 290 

Enterobacter sp. >1100 >1100 >1100 >1100 >1100 1100 290 

Klebsiella sp. 
>1100 >1100 

>1100 

(12.6) 

>1100 

(29.5) 
>1100 >1100 >1100 

*: Values in parentheses are readings taken after 24 h for samples with obvious lactose fermentation with little/no gas 

production; further readings were also taken after extended incubation of samples for 48-72 hours.  
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Table 3: Persistence of bacteria in different environmental wastewaters 

Wastewater Isolate 

Cell number (MPN/100ml) 

Day 0 Day 3 Day 6 Day 9 Day 13 Day 17 Day 21 

Domestic Escherichia coli >1100 >1100 >1100 >1100 290 35 29.5 

Enterobacter sp. >1100 >1100 >1100 >1100 >1100 1100 93 

Klebsiella sp. >1100 

(460)* 

>1100 >1100 >1100 

(29.5) 

>1100 >1100 >1100 

  Cell number (MPN/100ml) 

Day 0 Day 3 Day 6 Day 9 Day 13 Day 17 Day 21 

Fishery Escherichia coli >1100 >1100 

(6.5) 

>1100 

(12.6) 

>1100 >1100 290 29.5 

Enterobacter sp. >1100 >1100 >1100 290 290 290 1100 

Klebsiella sp. >1100 

(93) 

>1100 >1100 

(12.6) 

>1100 

(35) 

>1100 >1100 >1100 

  Cell number (MPN/100ml) 

Day 0 Day 3 Day 6 Day 9 Day 13 Day 17 Day 21 

Poultry Escherichia coli >1100 

(12.6) 

>1100 >1100 

(30.5) 

>1100 >1100 >1100 290 

Enterobacter sp. >1100 >1100 >1100 >1100 >1100 290 160 

Klebsiella sp. >1100 

(460) 

>1100 

(460) 

>1100 >1100 

(15.5) 

>1100 >1100 >1100 

  Cell number (MPN/100ml) 

Day 0 Day 3 Day 6 Day 9 Day 13 Day 17 Day 21 

Cattle Escherichia coli >1100 

(12.6) 

>1100 >1100 

(460) 

>1100 >1100 

(38) 

>1100 12.2 

Enterobacter sp. >1100 >1100 >1100 1100 23 9.2 3 

Klebsiella sp. >1100 

(290) 

>1100 >1100 

(29.5) 

>1100 

(210) 

>1100 >1100 >1100 

*: Values in parentheses are readings taken after 24 h for samples with obvious lactose fermentation with little/no gas 

production; further readings were also taken after extended incubation of samples for 48-72 hours. 

 

The antibiotic susceptibility profiles of the 

clinical and environmentally-exposed isolates of 

the test organisms are presented in Tables 4–6. 

The E. coli strain originally isolated from clinical 

faecal specimen was initially sensitive to four 

antibiotics. However, almost all of its 

environmentally-exposed phenotypes exhibited 

increased antibiotic resistance, which was most 

apparent in the phenotypes recovered from the 

poultry and cattle wastewaters (Table 4). For 

example, while the clinical isolate of E. coli was 

sensitive to ceftazidime (13 mm), all its 

environmentally-exposed phenotypes showed 

complete resistance, with the exception of the 

one recovered from distilled water (8 mm). 

Likewise, ofloxacin which was effective against 

the original clinical strain of E. coli (13 mm) had 

no effect on the environmental phenotypes 

recovered from distilled water, and fishery, 

poultry and cattle wastewaters and reduced effect 

on the environmentally-exposed phenotypes 

from borehole water (4 mm) and river water (8 

mm), respectively. However, though the clinical 

strain of E. coli was resistant to nitrofurantoin, its 

distilled water-exposed phenotype showed 

sensitivity (9 mm) to the antibiotic.  
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Table 4: Changes in antibiotic susceptibility profile of Escherichia coli after 21 days 

exposure in various environmental media 

Antibiotics 

Diameter of inhibition zone (to the nearest 0.5mm)ǂ 

Clinical 

strain 

Exposed phenotypes in water Exposed phenotypes in wastewater 

Distilled Borehole River Domestic Fishery Poultry Cattle 

Amoxycillin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Ampicillin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Ceftazidime 13.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 

Cefuroxime 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Ciprofloxacin 10.5 0.0 12.0 9.0 10.5 10.5 0.0 0.0 

Gentamicin 12.5 0.0 10.0 10.0 0.0 0.0 0.0 0.0 

Ofloxacin 13.0 0.0 4.0 8.0 10.0 0.0 0.0 0.0 

Nitrofurantoin 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 

ǂ: Values are means of three readings 

The clinical isolate of Enterobacter sp., which 

was initially highly sensitive to six antibiotics, 

mostly exhibited decreased sensitivity, 

depending on the environmental media it was 

exposed to (Table 5). Clinical isolate of 

Enterobacter sp. was highly sensitive to 

amoxycillin (13 mm), ampicillin (13 mm), 

ciprofloxacin (15 mm) and gentamicin (12 

mm) but its environmental isolates 

demonstrated reduced susceptibility to 

amoxycillin (0–5 mm), ampicillin (0–6 mm), 

ciprofloxacin (1–6 mm) and gentamicin (0–6 

mm), respectively. Relatively, the isolates 

recovered from wastewaters showed greater 

resistance than those from the freshwaters 

(Table 5). 

 

Table 5: Changes in antibiotic susceptibility profile of Enterobacter sp. after 21 days 

exposure in various environmental media 

Antibiotics 

Diameter of inhibition zone (to the nearest 0.5mm)ǂ 

Clinical strain 

Exposed phenotypes in water Exposed phenotypes in wastewater 

Distilled Borehole River Domestic Fishery Poultry Cattle 

Amoxycillin 13.0 3.0 5.0 3.0 2.0 2.0 0.0 5.0 

Ampicillin 13.0 4.0 6.0 4.0 2.0 0.0 0.0 4.0 

Ceftazidime 3.0 3.0 0.0 0.0 2.0 3.0 0.0 0.0 

Cefuroxime 5.0 4.0 3.0 0.0 4.0 0.0 0.0 2.0 

Ciprofloxacin 15.0 4.0 6.0 4.0 1.0 3.0 5.0 5.0 

Gentamicin 12.0 5.0 5.0 6.0 3.0 0.0 3.0 5.0 

Ofloxacin 0.0 2.0 0.0 4.0 2.0 0.0 0.0 0.0 

Nitrofurantoin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ǂ: Values are means of three readings 
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Generally, but dissimilar to the susceptibility 

pattern recorded for Enterobacter sp., the 

clinical isolate of Klebsiella sp. showed a 

pattern of increased antibiotic sensitivity 

following exposure in all environmental media 

(Table 6). For instance, the clinical isolate of 

Klebsiella sp. which was completely resistant 

to gentamicin exhibited high sensitivity to the 

antibiotic after exposure to freshwaters (10–12 

mm) and wastewaters (5–12.5 mm). Similarly, 

increased sensitivity to ciprofloxacin (from 7 to 

13–17 mm) and ofloxacin (from 5 to 7–13 mm) 

was recorded following exposure of the clinical 

isolate of Klebsiella sp. in all the environmental 

media, except for poultry wastewater. Some of 

the environmental isolates of Klebsiella sp. 

were sensitive to amoxicillin, ampicillin and 

cefuroxime, though the clinical isolate was 

completely resistant to these antibiotics (Table 

6). Overall, both the clinical and 

environmentally-exposed isolates 

demonstrated complete resistance to 

nitrofurantoin while the environmental isolates 

showed increased susceptibility to ofloxacin. 

 

Table 6: Changes in antibiotic susceptibility profile of Klebsiella sp. after 21 days exposure 

in various environmental media 

Antibiotics 

Diameter of inhibition zone (to the nearest 0.5mm)ǂ 

Clinical strain 

Exposed phenotypes in water Exposed phenotypes in wastewater 

Distilled Borehole River Domestic Fishery Poultry Cattle 

Amoxycillin 0.0 0.0 0.0 8.0 0.0 0.0 5.5 0.0 

Ampicillin 0.0 0.0 0.0 5.0 3.0 0.0 4.0 0.0 

Ceftazidime 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Cefuroxime 0.0 0.0 16.0 0.0 0.0 0.0 9.0 0.0 

Ciprofloxacin 7.0 13.0 16.0 11.0 15.0 12.5 4.0 17.0 

Gentamicin 0.0 10.0 15.0 12.0 11.0 12.5 5.5 5.0 

Ofloxacin 5.0 13.0 13.0 6.0 12.0 6.0 2.0 7.0 

Nitrofurantoin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ǂ: Values are means of three readings 

 

Table 7 shows the MAR indices for the clinical 

and environmentally-exposed isolates. The 

MAR indices for clinical isolates of 

Escherichia coli, Enterobacter sp. and 

Klebsiella sp. were 0.500, 0.250 and 0.750, 

respectively. Meanwhile, the MAR indices of 

the environmental isolates of E. coli were 

generally higher (0.625–1.000), but those for 

the environmental isolates of Klebsiella sp. 

were lower (0.250–0.625) than their respective 

clinical isolates. The MAR indices for 

Enterobacter sp. recovered from the 

environmental media were mostly higher 

(0.375-0.750) than that of the clinical isolate, 

with the exception of those from distilled water 

and domestic wastewater. Notably, MAR 

indices for the environmental isolates of E. coli 

were generally higher than those for 

Enterobacter sp. or Klebsiella sp. isolates 

recovered from same medium (Table 7). 
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Table 7: Multiple antibiotic resistance (MAR) indices of the clinical and environmentally-

exposed isolates  
 

Environment 

Media/Type 

Escherichia coli Enterobacter sp. Klebsiella sp. 

MAR No.* MAR 

index 

MAR No.* MAR 

index 

MAR No.* MAR 

index 

 Clinical 4 0.500 2 0.250 6 0.750 

W
at

er
 Distilled 6 0.750 1 0.125 5 0.625 

Borehole 5 0.625 3 0.375 4 0.500 

River 5 0.625 3 0.375 3 0.375 

W
as

te
 

w
at

er
 Domestic 6 0.750 1 0.125 4 0.500 

Fishery 7 0.875 5 0.625 5 0.625 

Poultry 8 1.000 6 0.750 2 0.250 

Cattle 8 1.000 3 0.375 5 0.625 

* Number of antibiotics against which the isolate was resistant 

 

DISCUSSION 

Physicochemical characteristics of the 

environmental waters and wastewaters 

The temperatures and pH values of the waters 

and wastewaters used in this study are 

generally within the expected range for such 

environmental media at ambient atmospheric 

conditions (Nikanorov and Brazhnikova, 1998; 

Shittu et al., 2008; Akinde et al., 2011, 

Kolawole et al., 2011; Anake et al., 2013). 

Such physical parameters have also been 

reported to promote survival and proliferation 

of most heterotrophic bacteria as those used in 

this study (Edema et al., 2001; Banwo, 2006). 

Turbidity is indicative of the amount of 

suspended particles or colloidal matter present 

in water (Anake et al., 2013). It is therefore not 

unusual to record such low turbidity in distilled 

water which is chemically pure, impurity-free 

water (Anjaneyulu et al., 2012) and borehole 

water which undergoes natural filtration 

through the soil column and underground 

basins (Oludare and Sikiru, 2012) and is 

believed to be the purest form of untreated 

water source. Increased turbidity of the river 

water and fishery wastewater is attributable to 

suspended matters, presumably soil sediments 

and plant materials in river water and to fish 

wastes in fishery wastewater. Higher turbidity 

of the other wastewaters may be due to the 

presence of faecal matter, soil, waste food 

residues, oils and cleaning agents in domestic 

wastewater; and also dependent on the animal 

population and the extent of cleaning done on 

the farms, in the case of the cattle and poultry 

wastewaters. It would generally be expected 

that wastewaters with apparent higher nutrient 

and suspended solid content should favour 

greater persistence of bacteria by providing 

food and shelter than unpolluted freshwaters 

with apparently negligible nutrient content. 

However, this may not be absolute as our 

findings and those from other studies (Ellis, 

2004; Henze and Comeau, 2008) suggest that 

both the quantity and quality of the organic and 

inorganic compositions of such media affect 

the persistence of microbes in them. 

Bacterial survival in environmental waters and 

wastewaters 

Of the freshwaters, river water had the highest 

bacterial numbers at the end of the 21 days 

exposure period. This is not far from 

expectation as river water, a representative of 

natural surface waters is expected to have 

higher elemental, dissolved ion, salt and gas 

contents, as compared with distilled and 

borehole waters. These are sourced from the 

river rocks and substratum, soil and plant 

materials and through natural processes such as 

photosynthesis, ultraviolet irradiation, 
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thunderstorm discharges as well as 

anthropogenic point and non-point pollution 

(storm run-offs) which always result in nutrient 

influx in such environmental waters 

(Nikanorov and Brazhnikova, 1998; Todar, 

2012) leading to increase in the availability of 

essential elements for bacterial growth. The 

sampled river, Asa, is particularly subjected to 

anthropogenic abuse from industrial effluent 

discharge and domestic waste disposal by 

residents along its course (Eletta et al., 2005). 

Low or a near total lack of nutrients may 

validate the lower MPN values in both distilled 

and borehole waters which is most apparent for 

Escherichia coli and Enterobacter sp. 

In the domestic and agricultural wastewaters, 

persistence of the organisms may have been 

influenced by both the presumably high 

nutrient content which encourage their survival 

vis-a-vis the presence of toxic or inhibitory 

substances (such as detergents, organics, 

antibiotics used in livestock farming and heavy 

metals) which could create a counter effect of 

mortality (Kemp et al., 1993; Ellis, 2004; 

Abbasi, 2012). With the exception of 

Klebsiella sp., there was no significant 

difference in survival of the other two 

pathogens, in the wastewaters as opposed to 

freshwaters as might be expected. Notably, E. 

coli persisted (13 d) at high cell concentration 

in distilled water, apparently with no available 

nutrient content, as long as in fishery 

wastewater (13 d) and much long than in 

domestic wastewater (9 d). Such prolonged 

persistence for over 20 days have been 

previously reported of Escherichia coli in cattle 

slurry (Kudva et al., 1995) and Klebsiella sp. in 

pure water contaminated with trace organics 

(Geldreich and Standridge, 2011). 

Perhaps, the major public health concern of the 

findings of this study is then the ability of such 

pathogenic enteric bacteria to persist in 

oligotrophic environmental freshwaters. The 

recovery of Klebsiella sp. from the 

environmental media after 21 days exposure in 

far greater numbers than Escherichia coli, the 

traditional indicator organism is also worthy of 

note from an epidemiological standpoint. The 

findings of this study are thus of great public 

health significance as they imply that if wastes 

or wastewaters that are heavily contaminated 

with enteric bacteria are discharged directly or 

indirectly into fresh water reserves, the 

organisms may remain viable for over 21 days 

during which it may be transported over long 

distances, increasing the probability of 

infection and disease spread. The danger is 

even greater along a river course where 

wastewater effluents are discharged at its 

upstream and is used as drinking water source 

by another settlement at the downstream as 

obtains in many settlements, including urban 

and mostly rural in a developing country such 

as Nigeria.  

To further evaluate the public health 

implications of this prolonged survival, a 

comparative evaluation of the antibiotic 

susceptibility of the original clinical isolates 

and the recovered environmentally-exposed 

isolates from each of the media was carried out. 

The MAR indices were also calculated. The 

antibiograms of the test organisms show mostly 

changes in antibiotic susceptibility patterns, 

especially for Escherichia coli and 

Enterobacter sp., indicative of probable 

increase in the organisms’ virulence after 

exposure to environmental media. Though our 

findings could not directly prove that the 

organisms gained virulence following exposure 

to the environmental media, the results show 

increased antibiotic resistance in the exposed 

isolates, which is significant in most cases. The 

prevalence of multi-drug resistant strains of 

Enterobacteriaceae, predominantly 

Escherichia coli and Klebsiella pneumoniae 

have been widely reported globally 

(Krumperman, 1983; Bonnet, 2004; Paterson 

and Bonomo, 2005; Pitout et al., 2005; Canton 

and Coque, 2006; Mendonca et al., 2007; 

Radha et al., 2015) and within Nigeria (Soge et 

al., 2006; Okesola and Makanjuola, 2009; 

Tijani et al., 2012; Alabi et al., 2014; Obebe et 
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al., 2014) in both community and hospital 

settings.  

This study also corroborates the report of Eze 

(2012) in which species of Enterobacter 

isolated from domestic wastewater were found 

to be more resistant to ciprofloxacin, 

amoxycillin/clavulanate (augmentin) and 

ampicillin than human isolates. The marked 

susceptibility of water E. coli to ciprofloxacin 

and gentamicin recorded in this study is 

consistent with the findings of Adzitey et al. 

(2015); though our findings contradict the 

previous study in that, environmental isolates 

are less resistant to antibiotics as compared to 

human isolates. Klebsiella sp. showed high 

resistance to ceftazidime and other 

cephalosporins, as similarly reported by 

Osundiya et al. (2013). However, the isolates 

exhibited lower resistance to aminoglycosides 

and fluoroquinolones; gentamicin, 

ciprofloxacin and ofloxacin, with moderate to 

high sensitivity (Osundiya et al., 2013). The 

intermediate (moderate to high) resistance of 

isolates to penicillins (amoxycillin/clavulanate 

and ampicillin) corroborates documented 

increasing penicillinase-producing β-

lactamases strains among these organisms 

(Osundiya et al., 2013). Carbapenemase- and 

ESBL-producing strains of Enterobacteriaceae 

are on the increase being aided by their 

possession of plasmids and other virulence 

factors such as biofilm formation which 

culminate in increasing resistance (Alejandro 

et al., 2013; Reinthaler et al., 2013; Rogers, 

2015). Two major intrinsic mechanisms have 

been 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 the 

antibiotics have the opportunity of acting on 

their targets (Odjajare et al., 2012). 

It is significant that the clinical isolates used in 

this study exhibited multiple resistance to 

between 2 and 6 antibiotics that span across 

five antibiotic classes (penicillins, 

cephalosporins, nitrofurans, fluoroquinolones 

and aminoglycosides) (Raiz et al., 2011). This 

informed the MAR indexing method, which 

when compared to other methods of bacterial 

source tracking and risk assessment such as 

genotypic characterization, is cost-effective, 

rapid and easy to perform (Osundiya et al., 

2013). The choice of MAR index value of 

0.200 to differentiate between the low and high 

risk phases is arbitrary but has been adopted by 

several other studies (Krumperman, 1983; Raiz 

et al., 2011; Osundiya et al., 2013). Values 

within 0.200 and 0.250 are said to be a risky or 

ambiguous phase of intermediate resistance 

where there are equal tendencies that MAR 

may easily fall in the high or low risk (Raiz et 

al., 2011; Adzitey et al., 2012; Adzitey, 2015) 

while values >0.250 are clearly in the high risk 

phase. From our study, 86% of the 

environmental isolates had MAR indices 

clearly >0.250, indicative of potential high risk. 

The risky phase also explains why the clinical 

isolate of Enterobacter sp. (MAR = 0.250) 

exhibited both increased and decreased 

resistance among its environmental strains. 

Multi-drug resistant E. coli isolated from 

environmental water have been reported in 

several studies (Subba et al., 2013; Talukdar et 

al., 2013 and Adzitey et al., 2015). The 

implication of these findings, especially the 

potential high risk contamination by MAR 

pathogens, is the need to review the choices of 

antibiotics for empiric management of 

infections and effective infection control 

(Osundiya et al., 2013). Asides, unwholesome 

behavioural practices such as indiscriminate 

over-the-counter dispensation and purchase of 

antibiotics as well as drug overdose and abuse 

or misuse also favour rapid multi-drug 

resistance spread, and continue to undermine 

the effectiveness of therapy and challenge the 

efforts at developing novel antibacterials (Li et 

al., 2009). 
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Conclusions 
This present study demonstrated a long-term 

persistence and increased antibiotic resistance 

of clinical isolates of pathogenic enteric 

bacteria in environmental waters and 

wastewaters. Based on the epidemiological 

significance of these findings the following 

recommendations are made: proper treatment 

of wastewater effluents and sewage before 

discharge into the environment either from 

homes, farms or industries; enactment of strict 

regulations and possible sanctions of violators 

by the government or its agencies (such as 

national and regional environmental protection 

authorities) and other stakeholders in the water 

resource management sector. Others include 

regular surveillance and sanitary assessment of 

water supplies; protection of ground and 

surface water reserves; as well as strict 

monitoring of antimicrobial resistance through 

regular surveillance in both clinical and 

community settings. The treatment techniques 

assessed in this study are also recommended as 

inexpensive, safe and adaptable techniques in 

water treatment and wastewater management, 

particularly in the resource-constraint sub-

tropical Africa. This is in view of relieving the 

burden of infectious diseases caused by these 

enteric pathogens and safeguarding global 

health. Further studies on the how chemical 

constituents of environmental media influence 

bacterial persistence, effect on specific 

virulence factors in different microbial strains, 

and perhaps in-situ persistence monitoring 

would make additional contributions to this 

research work. 
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