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ABSTRACT 
 
A suitable environment could be vital for the emergence and transfer of antibiotic-resistant E. coli. The effect 
of the environment on the multidrug-resistant status of E. coli was investigated in this study. Soil and faecal 
samples were collected from three environments: animal farms, hospitals and oil-contaminated soil. The E. 
coli isolates in the respective environments were isolated using standard microbiological methods. The 
antibiotic susceptibility pattern was determined using the Kirby-Bauer disc diffusion method. Results 
revealed a 50% prevalence of E. coli isolates from the animal farm environment samples, while the lowest 
prevalence of 22.7% was recorded in hospital environment samples. For the human faecal samples, a 
34.8% prevalence was recorded in hospital and oil-contaminated environments, while the lowest prevalence 
of 30.4% was recorded in faecal samples collected from the animal farm environment. The E. coli isolates 
from animal farms were 100% resistant to ceftriaxone and Augmentin, while isolates from human faecal 
samples showed that isolates from hospital faecal samples were 100% resistant to imipenem and Ampiclox 
while 80% resistance was recorded for cefuroxime. The isolates displayed resistance to antibiotics 
belonging to the cephalosporin, aminoglycosides, quinolones and fluoroquinolones classes. The MAR index 
of the isolates in the hospital environment sample, oil-contaminated environment sample and oil-
contaminated human sample were 0.4, in the hospital human sample the MAR was 0.5, in the animal farm 
environment sample the MAR index was 0.6, while a MAR index of 0.7 was recorded for the animal farm 
human samples. Although the isolates displayed very high antibiotic resistance, gentamycin and levofloxacin 
exhibited higher antibiotic potency and are recommended for the treatment of infections caused by E. coli 
from these environments. More so, the environment could be associated with the high resistance observed 
in the study. 
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INTRODUCTION 
 
Antimicrobial resistance (AMR) is a multifaceted global 
health problem that increases hospitalisation time, 
treatment costs, morbidity and mortality (Iwu et al., 2022). 
Over the past half-century, the use of antimicrobials to 
treat infections in humans and animals has generated 
enormous antimicrobial pressure, not only on targeted 
pathogens but also on commensal bacteria (Szmolka and 
Nagy, 2013). In a previous study, inappropriate use of 
antibiotics by humans, factories, and farms, poor hygiene 
and sanitation, and inefficient prevention and control of 
infections in healthcare settings are considered important 

reasons for the emergence and distribution of antibiotic-
resistant bacteria (Pormohammad et al., 2019).   

Antimicrobial resistance genes (ARGs) are largely 
sourced from the environment and can be transferred to 
clinically significant pathogenic bacteria (Iwu et al., 2022). 
Furthermore, it has been increasingly acknowledged in 
recent years that the environment plays a significant role 
as a source and a channel for the dissemination of 
resistance (Bengtsson-Palme et al., 2018). The 
environment's diverse ecological niches offer a highly 
diversified gene pool that is unmatched by that of the
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human and animal domains, making it an ideal 
environment for the uptake of novel resistance 
determinants (Schulz et al., 2017). The agricultural 
ecosystem is the most complex of all the environmental 
niches because of the different activities that affect the 
persistence and spread of AMR within the system (Mafiz 
et al., 2018). Multidrug-resistant (MDR) and extended-
spectrum beta-lactamase (ESBL) producing E. coli is a 
significant example of an antibiotic resistance pathogen 
which can cause potentially fatal infections 
(Pormohammad et al., 2019). 

According to Sahoo et al. (2012), the predominant 
facultative flora in the gastrointestinal tracts of both 
humans and animals is E. coli. Nonetheless, some 
strains of E. coli have acquired the capacity to infect the 
central nervous system, urinary tract, and gastrointestinal 
tract (Azimi et al., 2018; Gholizadeh et al., 2018). 
Antibiotic resistance develops when E. coli is exposed to 
antibiotics for an extended period (Reinthaler et al., 2013; 
Carattoli, 2008). Accordingly, E. coli and other antibiotic-
resistant bacteria found in animals may be a reservoir for 
human colonisation and infection (Sahoo et al., 2012). A 
study conducted by Reinthaler et al. (2013) revealed that 
humans can potentially come into contact with drug-
resistant E. coli through direct or indirect means, such as 
by consuming contaminated food or water. Although 
multidrug-resistant pathogenic strains of E. coli are 
important for spreading pathogens from the environment 
to food and water, there is a shortage of information 
about their presence in different environments within Port 
Harcourt. Therefore, the study aimed to assess the 
multidrug resistance of E. coli from different 
environmental samples. 
 
 
MATERIALS AND METHOD 
 
Sample size determination  
 
The sample size for comparative study was determined 
using the following formula for comparison of two 
proportions (Charan and Biswas, 2013). 
 
n   =  (Z*+Z

pwr
)
2
 {P1(100%-P1) + P2(100%-P2)} 

          (P1-P2)
2
 

 
n= Sample size  
 
n= (1.96+0.84)

2
{23.3(100-23.3) +10.4(100-10.4)} 

                  (23.3-10.4)
2 

 
n = 300 samples for human and environmental samples.  
 
 
Sample collection 
 
One  hundred  and  fifty  soil  samples  (50 each from  the  

sample locations) were collected at a depth of 0-15 cm 
with the aid of an auger from the animal farm, hospital 
and oil-polluted soil environment. The composite soil 
sample was made up of three samples collected from 
three points for each environmental sample. A total of 
one hundred and fifty faecal specimens were collected 
from each environment (animal farm, hospital and oil-
polluted soil). Each sample was collected into a labelled 
sterile container and transported to the Medical 
Microbiology Laboratory, University of Port Harcourt, 
Rivers State, in an iced-packed container. 
 
 
Isolation of E. coli 
 
This was done using the standard plate count (Prescott et 
al., 2011). In this method, tenfold serial dilution of 
Harrigan and McCanc as described by Wemedo et al. 
(2012), was carried out by transferring one gram of the 
soil sample into a test tube containing 10mL sterile 
normal saline. After this, a serial 10-fold dilution was 
made by transferring 1mL from the previous dilution into 
another test tube containing 9mL sterile saline. This was 
done until a dilution of 10

-6
 was reached. Similar 

preparation was done for all the soil samples. After 
dilution, 0.1mL of an appropriate dilution was transferred 
to the surface of the prepared McConkey agar (TM 
media, India) plates in duplicates. The aliquot was spread 
using a sterile bent glass rod and the plates were 
incubated at 44°C for 24-48 hours for the isolation E. coli. 

The faecal samples were prepared as described by 
Cheesbrough (2006) and inoculated on prepared 
McConkey agar plates in duplicates. Similar incubation 
temperatures and duration were used. 
 
 
Confirmation of isolates 
 
The plates were read after incubation and plates showing 
growth on the McConkey agar plates were isolated and 
subcultured on freshly prepared nutrient agar plates. The 
plates were incubated at 37°C for 24 hours. The pure 
cultures after incubation were gram-stained and viewed 
under microscopy to confirm if they were gram-negative 
bacterial isolates. After which, they were subjected to 
biochemical tests: indole, methyl red, Voges Proskauer, 
citrate utilization, sugar fermentation, gas production and 
motility tests were also carried out. All the tests were 
carried out as described in Prescott et al. (2011). More 
so, the pure isolates were stored frozen in bijou bottles 
containing 5mL sterile 10% glycerol (Amadi et al., 2014). 
 
 
Antibiotic susceptibility testing  
 
The antibiotic susceptibility testing was performed with 17 
antibiotics discs using commercially prepared antibiotics
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(Abtek) disc and it contained the following antibiotics; 
Gentamycin (10µg), Ciprofloxacin (5µg), Nitrofurantoin 
(30µg), Augmentin (30µg), Ofloxacin (5µg), Cefixime 
(5µg), Ceftazidime (30µg), Cefuroxime (10µg), 
Ceftriaxone (30µg), Cloxacillin (5µg) and Erythromycin 
(5µg). The antibiotic susceptibility of the E. coli isolates 
was performed as per the Kirby-Bauer disk diffusion 
method (Robinson et al., 2023). Briefly, a bacterial culture 
of 0.5 McFarland standard was prepared in normal 
saline. The bacterial lawn of standardized culture was 
prepared on the Muller Hinton agar plate. Plates were 
allowed to dry and antibiotic discs were placed on Mueller 
Hinton plates using sterile forceps. Plates were incubated 
at 37°C for 24 hours. The zone of inhibition around each 
antibiotic disc was measured and results were interpreted 
according to CLSI (2022). 
 
 
Determination of multiple antibiotic resistance index 
 
Multiple antibiotic resistances (MAR) index was 
ascertained for each isolate by using the formula: 
 
MAR = a/b, 
 
Where, a = the number of antibiotics to which the isolate 
depicted resistance and              

b = the total number of antibiotics to which the test 
isolates has been evaluated for susceptibility (Sandhu et 
al., 2016). 
 
 
Statistical analysis 
 
Descriptive statistics was employed to determine the 
percentages of the antibiotic responses (susceptibility, 
intermediate and resistant) and the prevalence of E. coli 
in the environments. All analysis was carried out using 
the statistical package for social science (SPSS v27). 
 
 
RESULTS 
 
The prevalence of E. coli isolates from the different 
environment samples showed that the highest prevalence 
(50%) was recorded in animal farm environment 
samples, followed by oil-contaminated environment soil 
(27.3%), and the least prevalence of 22.7% was recorded 
in hospital environment samples (Figure 1). 

The highest E. coli prevalence (34.8%) was recorded in 
faecal samples collected from hospital and oil-
contaminated environments, and the least prevalence of 
30.4% was recorded in faecal samples collected from 
animal farm environment (Figure 2). 

 
 
 
 

 
 
Figure 1. Prevalence of E. coli across the environmental samples. 
Key: HES - Hospital Environmental Samples, AFES - Animal Farm Environmental Samples, OCES – Oil-
Contaminated Environmental Samples. 

 
 
 

The antibiotics susceptibility pattern of E. coli isolates 
from the soil of the different environmental samples 
showed that the isolates from animal farms were 100% 
resistant to ceftriaxone and augmentin, and resistance to 
cefixime, cefuroxime and nitrofurantoin was 80%. For 
gentamycin, ofloxacin and nalidixic acid, a resistance of 

20% was recorded. All the isolates from the animal farm 
were 100% susceptible to Levofloxacin, and 80% 
susceptibility to ofloxacin and gentamycin were recorded 
(Table 1). The isolates from the hospital soil samples 
were 100% resistant to Ampliclox. The percentage 
resistance to ofloxacin, cefotaxime, and cefuroxime was
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Figure 2. Prevalence of E. coli across the human samples. 
Keys: HHS - Hospital Human Samples, AFHS - Animal Farm Human Samples, OCHS – Oil-
Contaminated Human Samples. 

 
 
 

Table 1. Antibiotic susceptibility of E. coli from different environmental samples. 
 

Antibiotics 
Animal farm Hospital sample Oil-contaminated sample 

R [n (%)] I [n (%)] S [n (%)] R [n (%)] I [n (%)] S [n (%)] R [n (%)] I [n (%)] S [n (%)] 

Cefixime (10µg) 4(80) 0(0.00) 1(20) 1(20) 0(0.00) 4(80) 3(60) 0(0.00) 2(40) 
Ofloxacin (10µg) 1(20) 0(0.00) 4(80) 3(60) 0(0.00) 2(40) 1(20) 0(0.00) 4(80) 
Imipenem (300µg) 2(40) 2(40) 1(20) 4(80) 0(0.00) 1(20) 4(80) 0(0.00) 1(20) 
Cefotaxime (5µg) 3(60) 1(20) 1(20) 3(60) 0(0.00) 2(40) 1(20) 0(0.00) 4(80) 
Ampiclox (5µg) 3(60) 1(20) 1(20) 5(100) 0(0.00) 0(0.00) 1(20) 0(0.00) 4(80) 
Cefuroxime (30µg) 4(80) 0(0.00) 1(20) 3(60) 0(0.00) 2(40) 2(40) 0(0.00) 3(60) 
Ceftriaxone (30µg) 5(100) 0(0.00) 0(0.00) 1(20) 0(0.00) 4(80) 2(40) 0(0.00) 3(60) 
Nalixidic acid (30µg) 1(20) 3(60) 1(20) 2(40) 0(0.00) 3(60) 4(80) 0(0.00) 1(20) 
Levofloxacin (30µg) 0(0.00) 0(0.00) 5(100) 2(40) 0(0.00) 3(60) 1(20) 0(0.00) 4(80) 
Nitrofurantoin (30µg) 4(80) 0(0.00) 1(20) 2(40) 0(0.00) 3(60) 3(60) 0(0.00) 2(40) 
Augmentin (300µg) 5(100) 0(0.00) 0(0.00) 2(40) 0(0.00) 3(60) 4(80) 0(0.00) 1(20) 
Gentamycin (10µg) 1(20) 0(0.00) 4(80) 1(20) 0(0.00) 4(80) 1(20) 1(20) 3(60) 

 

Keys: n = number of isolates; R = resistant; S = susceptible; I = intermediate. 
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60%, while resistance to imipenem was 80%. The susceptibility of the isolates 
to cefixime, ceftriaxone and gentamycin was 80%, and lower susceptibility of 
40, 20 and 40% was recorded for ofloxacin, imipenem and cefotaxime, 
respectively. Susceptibility of 60% was recorded for nalidixic acid, 
levofloxacin, nitrofurantoin and augmentin. On the other hand, the resistance 
of the E. coli isolates from the oil-contaminated soil to augmentin and 
imipenem was 80% while 60% resistance was recorded for cefixime and 
nitrofurantoin. A low resistance of 20% was recorded for ofloxacin, 
cefotaxime, ampiclox, levofloxacin and gentamycin, respectively. Thus, the 
isolates from this environment showed a high susceptibility of 80% to 
ofloxacin, cefotaxime, ampiclox, levofloxacin and gentamycin, respectively 
(Table 1). 

The antibiotic susceptibility pattern of E. coli isolates from human faecal 
samples in the respective environment showed that isolates from hospital 
faecal samples were 100% resistant to imipenem and ampiclox, and 80% 
resistance was recorded for cefuroxime. A percentage resistance of 40% was 
recorded for ofloxacin and cefotaxime. The isolates were seen to be 100% 
susceptible to gentamycin, while susceptibility of 80% was recorded for 

cefixime, nalixidic acid, levofloxacin and nitrofurantoin. The percentage 
resistance of the isolates from the oil-contaminated human samples showed 
that the isolates were 100% resistant to nalidixic acid, and 80% resistance 
was recorded for ofloxacin, imipenem, and augmentin, respectively. None of 
the isolates from this location was resistant to gentamycin but an intermediate 
response of 20% was recorded while 80% susceptibility was recorded for 
gentamycin, nitrofurantoin, levofloxacin, ceftriaxone, cefuroxime, ampiclox 
and cefotaxime, respectively. More so, the isolates of E. coli from animal farm 
human samples were 100% resistant to cefixime, cefuroxime, ceftriaxone, 
and augmentin, and 60% resistance was recorded for imipenem and 
cefotaxime. The resistance of the isolates to ampicillin and nitrofurantoin was 
80%, respectively.  The isolates were 100% susceptible to ofloxacin, 
levofloxacin and gentamycin, respectively (Table 2). 

The multiple antibiotic-resistant indices (MARI) of the E. coli isolates from 
the respective samples showed that it was above 0.2 (Figure 3). 

The multidrug resistance of E. coli from different locations to the classes of 
antibiotics showed that all the isolates from the respective samples exhibited 
multidrug resistance (MDR) (Table 3). 

 
 
 

 Table 2. Susceptibility pattern of E. coli from human samples. 
 

Antibiotics 
Hospital human samples Oil-contaminated human samples Animal farm human samples 

R [n (%)] I [n (%)] S [n (%)] R [n (%)] I [n (%)] S [n (%)] R [n (%)] I [n (%)] S [n (%)] 

Cefixime (10µg) 1(20) 0(0.00) 4(80) 3(60) 0(0.00) 2(40) 5(100) 0(0.00) 0(0.00) 
Ofloxacin (10µg) 2(40) 0(0.00) 3(60) 4(80) 0(0.00) 1(20) 0(0.00) 0(0.00) 5(100) 
Imipenem (30µg) 5(100) 0(0.00) 0(0.00) 4(80) 0(0.00) 1(20) 3(60) 2(40) 0(0.00) 
Cefotaxime (5µg) 2(40) 0(0.00) 3(60) 1(20) 0(0.00) 4(80) 3(60) 2(40) 0(0.00) 

Ampliclox (5µg) 5(100) 0(0.00) 0(0.00) 1(20) 0(0.00) 4(80) 4(80) 0(0.00) 1(20) 
Cefuroxime (30µg) 4(80) 0(0.00) 1(20) 1(20) 0(0.00) 4(80) 5(100) 0(0.00) 0(0.00) 
Ceftriaxone (30µg) 1(20) 1(20) 3(60) 1(20) 0(0.00) 4(80) 5(100) 0(0.00) 0(0.00) 
Nalidixic Acid (30µg) 1(20) 0(0.00) 4(80) 5(100) 0(0.00) 0(0.00) 1(20) 2(80) 0(0.00) 
Levofloxacin (30µg) 1(20) 0(0.00) 4(80) 1(20) 0(0.00) 4(80) 0(0.00) 0(0.00) 5(100) 
Nitrofurantoin (30µg) 1(20) 0(0.00) 4(80) 1(20) 0(0.00) 4(80) 4(80) 0(0.00) 1(20) 
Augmentin (30µg) 3(60) 0(0.00) 2(40) 4(80) 0(0.00) 1(20) 5(100) 0(0.00) 0(0.00) 
Gentamicin (10µg) 0(0.00) 0(0.00) 5(100) 0(0.00) 1(20) 4(80) 0(0.00) 0(0.00) 5(100) 

 

 Keys: n = number of isolates; R = resistant; S = Susceptible; I = intermediate . 
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Figure 3. MAR indices of E. coli from the different locations. 
Keys: HES - Hospital Environmental Samples, HHS - Hospital Human Samples, AFES - Animal Farm 
Environmental Samples, AFHS - Animal Farm Human Samples, OCES - Oil-Contaminated Environmental 
Samples, OCHS - Oil Contaminated Human Samples. 

 
 
 

Table 3: Multidrug resistance of E. coli to different antibiotics. 

 

S/N Antibiogram Isolate code No. of isolates No. of antibiotics classes Class of antibiotics 

1 ZEM-OFX-CTX-ACX-CXM-CRO-NA-LB-AUG-GN HES 10 2 Fluoroquinolone and Carbepenem 
2 ZEM-OFX-CTX-ACX-CXM-CRO-NA-LB-AUG-GN HHS 20 3 Carbapenem, Penicillin and Aminoglycoside 

3 ZEM-OFX-CTX-ACX-CXM-CRO-NA-LB-AUG-GN AFES 16 5 
Cephalosporin, Carbapenem, Penicillin, Quinolone 
and Nitrofuran 

4 ZEM-OFX-CTX-ACX-CXM-CRO-NA-LB-AUG-GN AFHS 7.5 5 
Cephalosporin, Carbapenem, Penicillin, Quinolone 
and Nitrofuran 

5 ZEM-OFX-CTX-ACX-CXM-CRO-NA-LB-AUG-GN OCES 15 2 Carbapenem and Quinolone,  
6 ZEM-OFX-CTX-ACX-CXM-CRO-NA-LB-AUG-GN OCHS 16 2 Carbapenem and Quinolone 

 

Keys: CEFEXIME (ZEM), OFLOXAXIN (OFX), IMIPENEM (IMP), CEFOTAXIM (CTX), AMPICLOX (ACX), CEFUROXIME (CXM), CEFTRIAZONE (CRO), NALIDIXIC ACID (NA), LEVOFLOXACIN 
(LBC), NITROFURATOIN (NF), AUGMENTIN (AUG), GENTAMYCIN (GN). 
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DISCUSSION 
 
The effect of the environment on multidrug-resistant E. 
coli was investigated. The disparity in the distribution or 
prevalence of E. coli in the respective samples could be 
attributed to the nature of the sample, the number of E. 
coli isolates present in the sample, and the prevailing 
factors enhancing the availability of the isolates 
(Robinson et al., 2023). In the present study, the 
prevalence of E. coli was higher in the environmental 
samples characterised by animals (animal farm 
environment) as well as faecal samples obtained from 
hospitals, which is indicative of the characteristics of E. 
coli. E. coli is known as an indicator microorganism 
mostly found in the large intestines of humans and 
animals (Prescott et al., 2011). Thus, there is a high 
prevalence in animal farm environments and faecal 
samples collected from humans in the hospital. It is well-
documented that anthropogenic activities and 
geographical differences could influence the prevalence 
of microorganisms (Iwu et al., 2022). 

The present study revealed high antibiotic resistance in 
the E. coli isolates from the respective environments. 
High multidrug resistance was also observed. The 
environment largely plays a vital role in the distribution of 
antibiotic-resistant isolates. The selective pressure of 
antibiotics at low concentrations is amplified in certain 
circumstances, and this would enhance the competition 
of antibiotic-resistant strains and increase their 
occurrence and risk of antibiotic resistance spread in 
natural environments (Na et al., 2018). This agreed with 
Iwu et al. (2022), who opined that the advent of 
pathogenic bacteria that are resistant to antibiotics has 
made it necessary to continuously look into their 
presence in the environment and how they might infect 
people. In the present study, the MAR indices of E. coli 
isolates in the hospital environment sample, oil-
contaminated environment sample and oil-contaminated 
human sample was 0.4, in the hospital human sample the 
MAR was 0.5, in the animal farm environmental sample 
MAR index was 0.6 while a MAR index of 0.7 was 
recorded for the animal farm human samples. Thus, high 
MAR indices were recorded in the environmental and 
animal farms compared to the MAR index from the 
hospital human sample. This agreed with Pormohammad 
et al. (2019), who reported a higher prevalence of 
multidrug-resistant E. coli strains from animal and 
environmental sources than humans. More so, the 
resistant patterns of the E. coli isolates in the different 
environments and samples were somewhat similar 
especially as they shared similar resistance to similar 
antibiotics. This similarity could be due to interactions or 
cross-contamination between the environment and 
humans. A fascinating case study involving MDR 
commensal E. coli from cohabiting humans, pets, and 
their homes revealed that all cohabiting species, 
including humans, had direct interactions and cross-

contamination patterns (Szmolka and Nagy, 2013). The 
E. coli isolates in the present study were highly resistant 
to ampicillin, ofloxacin, nitrofurantoin and augmentin. 
Except for the isolates from hospital human samples 
which showed 100% susceptibility to gentamycin, 
gentamycin resistance was recorded in the isolates from 
the other samples. This agreed with a previous study 
which showed 71.67% resistance of E. coli isolates to 
ampicillin and 88.3% susceptibility to gentamicin 
(88.33%) (Adzitey et al., 2020). It has been documented 
that a high-risk source of contamination where multiple 
antibiotics or growth promoters are used is indicated by 
MAR index values > 0.2, whereas values < 0.2 indicate 
bacteria from the source that uses fewer antibiotics 
(Adzitey et al., 2020). Thus, the high MAR indices in the 
present study signified high-risk sources and overuse of 
antibiotics. 

The increased antibiotic resistance exhibited by the E. 
coli isolates in the present study could be attributed to the 
transfer of antibiotic-resistant genes from the 
environment especially due to horizontal gene transfer 
(Prescott et al., 2011) to the isolates and when resistant 
isolates come in contact with food and water, it is 
imminent that they could be consumed by man. It has 
been suggested that the presence of other environmental 
and public health relevant antimicrobial resistant bacteria 
as well as clinically relevant antibiotic-resistant genes 
(ARGs), may be indicated by the occurrence of 
antimicrobial-resistant E. coli in the environment 
(Gekenidis et al., 2018). More so, the high resistance to 
quinolones and fluoroquinolones could be attributed to 
the extended use of antibiotics from this class in 
agriculture and to treat poultry infections (Szmolka and 
Nagy, 2013). 
 
 
CONCLUSION 
 
The study revealed the presence of high levels of 
antibiotic-resistant E. coli in different environments and 
samples indicating that environment could play a major 
role in antibiotic resistance. More so, the study revealed 
that the MAR index was higher in the E. coli isolates from 
animal farm human samples. Also, the high MAR indices 
in the different environments could be an indication of a 
possible danger of multidrug-resistant E. coli isolates 
especially if food crops grown in these environments are 
consumed. Gentamycin and levofloxacin are 
recommended for use in the treatment of infections 
caused by E. coli from these environments. The need for 
screening antibiotic-resistant genes in these 
environments is recommended for future studies. 
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