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Abstract 

The cases of antibiotic resistance in Enterobacteriaceae are of great global concern. This study aimed at contributing 
towards the fight against antibiotic resistance and ameliorate the management/treatment of Enterobacteriaceae-linked 
diseases. 

Ten (10) rectal swab samples were collected from five (5) male and five (5) females and two isolates were identified 
from the samples collected. The isolates were identified through colonial, morphological and biochemical tests carried 
out following standard procedures. Isolates were investigated for their antibiotic resistance profile, Multiple Antibiotic 
Resistance indices (MARi), pathogenicity and their resistance genes were identified through molecular means using 
plasmid amplification and primers. Primers used include. ermB, BlaTem, qnrB genes 

Result obtained showed the isolates to be Escherichia coli and Klebsiella oxytoca. E. coli showed Alpha (α) heamolysis, 
while Klebsiella oxytoca showed gamma (γ) heamolysis . E. coli was resistant to 75% of the antibiotics used, Klebsiella 
oxytoca was sensitive to 42% of all the antibiotics. All the test organisms were resistant to all classes of  Cephalosporins. 
The plasmid profiling revealed that all isolates have low molecular weight plasmids. The molecular fingerprinting of the 
isolates using gene primers viz -a viz ermB, BlaTem, qnrB genes showed  E. coli to have resistance genes for macrolides 
(ermB gene) while none of the isolates had resistance factor against quinolones (qnrB gene). This study showed a high 
carriage of Enterobacteriaceae having phenotypic resistance with corresponding plasmid-borne resistance genes.  

The need to understand how bacteria adapt to the antibiotic environment will lead to new therapeutic strategies for 
antibiotic-resistant infections. Interventions measures to minimize the abundance of antibiotic-resistant commensals 
and opportunistic pathogens may include faecal microbiota transplantation and the use of live biotherapeutics. 

Keywords: Rectal swab; Resistance genes; Primers; Plasmids; ErmB; BlaTem; QnrB Hemolysis; Multiple antibiotic 
resistance index. 

1. Introduction

The development of antibiotics in the 20th century is regarded as a major breakthrough, (Bud, 2007). Worldwide 
antibiotic use increased by 65% between 2000 and 2015 (Klein et al., 2018), However, the long- or short-term use of 
antibiotics can have significant effect on the gut microbiome (Dethlefsen and Relman, 2011). The microflora of the 
intestinal microenvironment as a unit has important protective, metabolic, and trophic functions. Resident bacteria 
serve a central line of resistance to colonization by exogenous microbes and thus assist in preventing the potential 
invasion of the intestinal mucosa by an incoming pathogen (Canny and McCormick, 2008).  
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Human intestinal bacteria, apart from the beneficial activity, play a role as traffickers in antibiotic resistance genes. 
Intestinal bacteria not only exchange resistance genes among themselves but might also interact with bacteria that are 
passing through the colon, causing these bacteria to acquire and transmit antibiotic resistance genes (Salyers et al., 
2004). Antibiotic resistance of bacteria is a cause for concern. The World health organization (2018) predicted that 
antibiotic resistance will likely create a public health emergency if nothing is done.  

Knowledge of the gut microbiome, an extraordinarily complex community of organisms, has improved dramatically 
since the introduction of metagenomics, however, inappropriate usage of antimicrobials has transformed the human 
healthy intestinal gut flora into a reservoir of antibiotic-resistant organisms, also called the gut resistome (Van Schaik, 
2015). This problem is intensified by increasing prevalence of resistant bacteria in the community leading to the 
increase in the risk of cross-transmission (van Duin and Paterson, 2016). 

The human gut is full of diverse bacteria, many of which harbor resistance against a broad range of antibiotics such as 
vancomycin-resistant Enterococci and carbapenem-resistant Enterobacteriaceae. Humans acquire AMR organisms and 
antibiotic-resistance genes (ARGs) from, and can spread them to other reservoirs, such as animals. Thus, the gut 
resistome—the collection of ARGs harbored by the microbiota—is an important piece of the AMR puzzle (Barron, 2022). 

It is on the basis that gut microbiome can acquire resistance to antibiotics from continuous exposure to antibiotics and 
also from the environment that this research work was carried out. 

2. Material and methods 

2.1. Sampling 

Human anal samples (10) were collected from both male and female human using sterile swabs. The volunteer’s 
consents were sought before they were given the swab sticks. The swab tubes were labelled with assigned code for 
individual (A,- J). The inoculated swab sticks were collected and transferred into the laboratory and kept under 
refrigeration until use. 

2.2. Media used 

All media (McConkey, Eosin-Methylene Blue agar, Thiosulphate-citrate-Bile Salts Sucrose agar, SSA, De Man Rogosa and 
Sharpe agar and Nutrient Agar) were prepared according to the manufacturer’s specification. 

2.3. Isolation and Swab Culture 

 Each swab stick was dipped into test tube containing peptone water and shaken gently to dislodge the microbial 
colonies on it into the peptone water which serves as the stock for serial dilution. A 1 ml aliquot of the stock was pipetted 
into a second test tube containing 9ml of peptone water. A 1ml aliquot was pipetted from the second test tube into a 
third one containing 9ml of peptone water. This procedure was repeated until a dilution of 10 -6 was attained. This 
dilution (10-6) was used to inoculate already prepared agar using the spread plate method. 

2.4. Preparation of Isolates 

A 1ml aliquot of the stock culture was pipetted into agar plates containing different media. An L-shaped glass spreader 
was dipped into alcohol. The glass spreader (hockey stick) was passed over a Bunsen burner to sterilize. The sample 
was spread evenly over the surface of agar using the sterile glass spreader, carefully rotating the Petri dish underneath 
at the same time. After spreading, the plates were allowed to stand for a few minutes for the surface to dry. The 
inoculated plates were then Incubates 37°C for 24 hours.  

2.5. Preparation of pure culture  

Discrete colonies were picked and used to steak already gelled agar plates and incubated at 370C for 24hr after which 
the pure cultures were subjected to colonial, morphological and biochemical characterization. 

2.6. Gram Staining  

The isolates were subjected to Gram staining following the laid down procedures of Cheesebrough, (2000). 
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2.7. Biochemical Tests 

The isolates were subjected to the following biochemical tests following Standard methods. Sugar fermentation, Citrate 
utilization Test, Oxidase Test, Indole Test, Urease Test, Methyl red Test & Voges Proskauer Test (Tankeshwa, 2022).  

2.8. Pathogenicity Test 

Blood agar was prepared by weighing blood agar powder and dispensed into a conical flask. 100ml of distilled water 
was added and shaken thoroughly. The medium was then sterilized in an autoclave. Afterwards, the medium was poured 
into plates and allowed to gel. The plates were then inoculated with the isolate by streaking method and incubated at 
37°C for 24hrs. The pathogenicity test was confirmed by determining α or β hemolytic zone of the isolates on the plate. 
i.e. ability of the isolates to lyse red blood cells. 

2.9. Antibiotic Sensitivity test 

Identified isolates were tested against standard antibiotics using the method described by Kirby – Bauer (1996) pour 
plate method, after which the rings of standard antibiotics was placed on the surface of gelled agar. The antibiotic ring 
must touch the surface of the agar plate properly and allow the inoculate plate to incubate at 370C for 24 hrs. Antibiotics 
used include; Amoxicillin (30 µg) Cefotaxime (30µg), Ceftriaxone (45 µg), Cefexime (25 µg), Levofloxacin (5 µg), 
Ciprofloxacin (45 µg) Imipenem (10 µg), Cefuroxime (25 µg), Ofloxacin (5 µg), Erythromycin (15 µg) Gentamycin (10 
µg), Azithromycin (15 µg ). Augmentin (30 µg), Nitrofurantoin (300 µg),  

2.10. Multiple antibiotics resistance index  

The multiple antibiotics resistance index for the resistant bacteria isolates was determined according to the procedure 
described by Krumpman (1983). This is essentially to determine the degree of bacteria resistance to antibiotics. These 
indices will be determined by dividing the numbers of antibiotics to which the organisms were resistant to (a) number 
of antibiotics tested (b) resistance to two or more antibiotics is taken as multiple antibiotics resistance MAR greater 
than 0.2 shows high antibiotic resistance index. 

2.11. Plasmid Profiling of Isolates 

The antibiotic resistant isolates were subjected to plasmid profiling to determine if the resistance factors are plasmid 
mediated. 

2.11.1. Plasmid Isolation 

Plasmids were isolated using the QIAGEN Plasmid Purification mini kit. Gel Integrity. The integrity of the extracted 
plasmid was checked on a 1% Agarose gel ran to confirm amplification. The buffer (1XTAE buffer) was prepared and 
subsequently used to prepare 1% agarose gel. The suspension was boiled in a microwave for 5 minutes. The molten 
agarose was allowed to cool to 60°C and stained with 3µl of 0.5 g/ml ethidium bromide (which absorbs invisible UV 
light and transmits the energy as visible orange light). A comb was inserted into the slots of the casting tray and the 
molten agarose was poured into the tray. The gel was allowed to solidify for 20 minutes to form the wells. The 1XTAE 
buffer was poured into the gel tank to barely submerge the gel. Two microliter (2 l) of 10X blue gel loading dye (which 
gives colour and density to the samples to make it easy to load into the wells and monitor the progress of the gel) was 
added to 10µl of each PCR product and loaded into the wells after the 100bp-10kbp DNA ladder was loaded into well 1. 
The gel was electrophoresed at 120V for 45 minutes visualized by ultraviolet trans-illumination and photographed. The 
sizes of the plasmid were estimated by comparison with the mobility of the molecular weight ladder that was ran 
alongside experimental samples in the gel. Extracted plasmid was then used as the template for PCR amplification. 

2.12. Molecular identification 

Primer sequences were as earlier documented by (Barghouthi, 2011). Reaction cocktail used for all PCR per primer set 
included (Reagent Volume µl) - 5X PCR SYBR green buffer (2.5), MgCl2 (0.75), 10pM DNTP (0.25), 10pM of each forward 
and backwards primer (0.25), 8000U of taq DNA polymerase (0.06) and made up to 10.5 with sterile distilled water to 
which 2 µl template was added. Buffer control was also added to eliminate any probability of false amplification Table 
below shows the primer sequence and PCR profile used in amplifying each fragment. PCR was carried out in a Gene Amp 
9700 PCR System Thermal cycler (Applied Biosystem Inc., USA) using the appropriate profile as designed for each 
primer pair.  
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3. Results and discussion 

3.1. Morphological and biochemical characterization 

The isolates were identified based on Gram status and their reaction to some biochemical tests. Table 3.1 showed the 
different isolate identified based on their biochemical properties and confirmed using the Bergey’s manual of 
determinative bacteriology. 

Isolate 1 was a Gram-negative short rod that was indole positive, citrate negative, oxidase negative methyl red positive 
VP negative and urease negative. The organism was able to ferment glucose, fructose galactose and lactose with 
evidence of gas and acid production. The suspected organism was Escherichia coli. 

Isolate 2 was a Gram-negative rod, indole positive, citrate positive, oxidase negative, methyl red negative VP positive, 
urease positive and catalase positive. The organism was able to utilize glucose, sucrose, galactose, fructose and lactose. 
The suspected organism was Klebsiella oxytoca. 

3.2. Pathogenicity test  

The pathogenicity test result showed the varying degree of blood hemolysis (Fig 1 and 2). E. coli showed alpha hemolysis 
signifying partial hemolysis where the organism can partially breakdown red blood cells. Klebsiella oxytoca showed 
gamma hemolysis showing that there was no hemolysis meaning the two organisms could not break down red blood 
cells. An α-hemolytic reaction occurs when the hemoglobin in the red blood cells is reduced to methemoglobin, causing 
a greenish discoloration on the agar surrounding the colonies and the absence of hemolysis or discoloration is referred 
to as γ-hemolysis. 

3.3. Antibiotic susceptibility 

The result of the antibiotic susceptibility test of the isolates (Gram positive) is presented in table 3.2. E. coli was resistant 
to 75% of the antibiotics used but was sensitive to Amoxicillin (6mm), Ceftriaxone (11mm) and Ofloxacin (12mm). 
Klebsiella oxytoca was sensitive to 42% of the antibiotic used. These are Amoxicillin (7mm), Levofloxacin (11mm), 
Ciprofloxacin (14mm), Imipenem (7mm), Ofloxacin (9mm), Gentamycin (10mm). It was resistant to Cefotaxime, 
Ceftriaxone, Cefexime, Cefuroxime, Erythromycin and Azithromycin. 

 All the test organisms were resistant to Cefotaxime. Majority of the bacteria were resistant to the cephalosporin used. 

For Gram negative antibiotic discs, the result obtained in presented in table 3.3. E. coli was resistant to 33% including 
Cefotaxime, Cefuroxime, Ampliclox and Cefexime of the antibiotics used while it was sensitive to Amoxicillin (9mm), 
Imipenem(10mm), Ofloxacin(13mm), Gentamycin (11mm), Nalidixic Acid (14mm), Nitrofurantoin (8mm), Ceftriaxone 
S.(16mm) and Levofloxacin (9mm). 

 

Figure 1 E. coli plate showing α – heamolysis 
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Figure 2 Klebsiella oxytoca showing no heamolysis (Ɣ) 

 

Table 1 Morphological, colonial and biochemical identification of isolates 
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1 Short rods - + - - + - - + A/G A A/G A/G + E. coli 

3 Long rod - + + - - + + + A/G +/G +/G A A/G Klebsiella oxytoca 

 

Table 2 Antibiotic susceptibility test result of isolates (Gram positive) 

Isolates/Antibiotics Zones of inhibition in mm 

 E. coli Klebsiella oxytoca 

Amoxicillin. 6 7 

Cefotaxime R R 

Ceftriaxone  11 R 

Cefexime R R 

Levofloxacin R 11 

Ciprofloxacin R 14 

Imipenem R 7 

Cefuroxime R R 

Ofloxacin 12 9 

Erythromycin R R 

Gentamycin R 10 

Azithromycin R R 

Legend, R-  Resistant 
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Klebsiella oxytoca was sensitive to 50% of the antibiotics used. These are Imipenem (10mm), Ofloxacin (13mm), 
Gentamycin (14mm), Nalidixic Acid (11mm), Nitrofurantoin (6mm). It was however resistant to Amoxicillin C, 
Cefotaxime, Cefuroxime, Ampliclox and Cefexime. 

3.4. Multiple Antibiotic Resistance Index of isolates. 

 Resistance to two or more antibiotics is taken as multiple antibiotics resistance and MAR greater than 0.2 shows high 
antibiotic resistance index. The result is recorded in table 3.4 and 3.5. 

 For the Gram-positive antibiotic disc, The MARi for E. coli was 0.75, K. oxytoca had MARi of 0.5 (Table 3.4). For Gram 
negative antibiotic discs, E. coli had MARI of 0.33, Klebsiella oxytoca had MARi of 0.5 (Table. 3.5). 

Table 3 Antibiotic susceptibility test result of isolates (Gram negative) 

Isolates/Antibiotics Zones of inhibition in mm 

 E. coli Klebsiella oxytoca 

Amoxicillin C. 9mm R 

Cefotaxime R R 

Imipenem 10 10 

Ofloxacin 13 13 

Gentamycin 11 14 

Nalidixic Acid 14 11 

Nitrofurantoin 8 6 

Cefuroxime R R 

Ceftriaxone S. 16 R 

Ampliclox R R 

Cefexime R R 

Levofloxacin 9 11 

Legend: R- Resistant 

Table 4  MARi of Gram positive bacteria 

Isolates Number of antibiotics 
isolates are resistant to 

Total number of 
antibiotics tested 

MARI 

E. coli 9 12 0.75 

Klebsiella oxytoca 6 12 0.5 

 

Table 5  MARi of Gram negative bacteria 

Isolates Number of antibiotics 
isolates are resistant to 

Total number of 
antibiotics tested 

MARI 

E. coli 4 12 0.33 

Klebsiella oxytoca 6 12 0.5 
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3.5. Plasmid profile of isolates  

The isolates subjected to plasmid profiling showed all the isolates to have large plasmid borne resistant factors (Fig 3). 
All isolates have plasmid of 450kbp showing that they all have plasmids. 

3.6. Molecular fingerprints of isolates. 

Figure 4 shows the molecular fingerprints of the isolates using primers. E. coli was positive for resistance to ermB 
(macrolides) with a basepair of 450 kbp while Klebsiella oxytoca was negative for the gene. 

Fig 5 shows that only E.coli was positive to BlaTem (Betalactamase) gene with a bandwidth of 258bp while, K. oxytoca 
was negative for the gene. However, Fig 6 shows no positive reaction to qnrB gene (quinolones) 

 

Figure 3 The plasmid profile of the two isolates namely (1) E. coli, in well 1 and Klebsiella oxytoca in well 3 

 

Figure 4 Agarose gel electrophoresis of the PCR products of ermB gene amplified from selected bacteria isolates. 
(Band size approximately 450bp indicates positive to ermB). Gel indicates positive ermB amplification in E. coli  but 

absent in K. oxytoca. 

 

Figure 5 Agarose gel electrophoresis of the PCR products of BlaTem gene amplified from selected bacteria isolates. 
(Band size indicates approximately 258bp indicates positive to BlaTem) Gel indicates positive BlaTem amplification in 

E. coli but absent in Klebsiella oxytoca 
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Figure 6 Agarose gel electrophoresis of the PCR products of qnrB gene amplified from bacteria Isolates (Band size 
approximately 469bp positive to qnrB). Gel indicates no positive amplification  

4. Discussion 

Rampant use of antibiotics in both community and hospitals has transformed the human healthy intestinal gut flora into 
a reservoir of antibiotic-resistant organisms. Bacteria in the gut not only acquire ARGs (Antibiotic resistance genes), but 
also contribute to the transfer of ARGs to other bacteria in the gut (Ravi et al., 2014). 

Escherichia coli is the most prevalent facultative anaerobic species in the gastrointestinal tract of human. It is often the 
main culprit of infections in the gastrointestinal tract (Rossi et al., 2013). As well as other parts of human and animal 
organisms (Zhang et al., 2020). In more precise terms, E. coli typically causes urinary infections (Isla et al., 2017), but it 
can also lead to many other serious infections and conditions, such as: appendicitis (Song et al., 2018) pneumonia (Park 
et al., 2019), meningitis (Zhao et al., 2018) endocarditis (Akenzuwa, 2018) and gastrointestinal infections (Sarowska, 
2019). In this study, E. coli isolated showed alpha hemolysis (Fig 1) indicating that it was only able to partially break 
down red blood cells. The ability of E. coli to produce hemolysin is part of its virulence factor. Invasive strains frequently 
produce virulence factors such as α-hemolysin (HlyA), which causes hemolysis by forming pores in the erythrocyte 
membrane (Skals et al., 2019).  

E. coli isolated in this study showed high level of resistance to some standard antibiotics used (Table 3.2 and 3.3). It was 
resistant to cephalosporins, gentamycin, erythromycin, imipenems and azithromycin. In their work, Aibinu et al., (2004) 
recorded high level of resistance of E. coli to cloxacillin, amoxicillin, ampicillin, erythromycin, cotrimoxazole, 
streptomycin and tetracycline which is in agreement with the observation in this study. However, this result is contrary 
to the result obtained by Akingbade et al., (2014) who observed high level of susceptibility to ceftriaxone, ciprofloxacin 
and ofloxacin and very high susceptibility was registered to gentamycin and ceftazidime but it has been observed that 
antibiotic susceptibility of bacterial isolates is not constant, but dynamic and varies with time and environment (Hassan, 
1995). Gupta et al (2019) also recorded a high level of resistance of E. coli to cephalosporins. Similarly, Gashaw et al 
(2012) reported resistance of E. coli to 2nd, 3rd and 4th generation cephalosporin, ciprofloxacin, tetracycline, meropenem 
and clavulanic acid. 

 The MARi of the organism were 0.75 and 0.33 for Gram negative and Gram-positive antibiotics discs used respectively 
(Table 3.4 and 3.65). Research has indicated that drug-resistant E. coli can be transmitted to human beings from the 
environment through direct or indirect contact (e.g., consumption of contaminated food and water) (Reinthaler et al., 
2013). Evidences accrue that food derived from a variety of animal sources contains large numbers of resistant bacteria 
and resistant genes (Marshall and Levy, 2011) and these can easily be transmitted to human through consumption.  

The result obtained in the plasmid profiling of E. coli showed that the resistance factors to specific antibiotic were 
plasmid borne (Fig 5) and the molecular fingerprint revealed that it bore ermB gene (Fig 6). Holmberg et al. (1984) 
reported that plasmid analysis was at least as specific as phage typing. Uma et al., (2009) observed that there is high 
frequency of resistance among E. coli strains with plasmids than without plasmids. In Fig 8, E. coli did not possess 
resistant gene for qnrB (aminoglycosides) although the report of the antibiotic susceptibility test showed resistance to 
antibiotics belonging to the aminoglycosides. This suggest that not all antibiotic resistance genes are located on the 
plasmid. Some are located on the chromosomes. Aja et al., (2002) suggested that resistance to antibiotics could be 
encoded in some strains in plasmids and in others in the chromosomes. 

Klebsiella oxytoca, a member of the Enterobacteriaceae, is a Gram-negative pathogenic bacterium of environmental 
origin is becoming an important pathogen of humans, and is being implicated in increasing morbidity amongst the 
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patient population (Moradigaravand et al., 2017). Normally found in bowel of man and animals, water and soil, 
infections with these bacteria are leading to prolonged stays in hospitals. Klebsiella species are rapidly developing 
multidrug resistance. Klebsiella are opportunistic pathogens that cause severe diseases in hospital setting (Singh et al., 
2016).  

In this study, K. oxytoca showed no lysis on blood agar. Pereira and Vanetti (2015) did not observe any hemolytic activity 
by K. oxytoca while some authors documented hemolysis on horse and rabbit blood (Szramka et al., 1998; Sekowska et 
al., 2006) but no lysis on human and sheep erythrocytes (Szramka et al., 1998). This is consistent with the result in this 
work, more so as there is lack of adequate report on the hemolytic activity of K. oxytoca. 

 K. oxytoca isolated in this study was found to be resistant to 50% of the antibiotics used (Table 3.2 and 3.3.). It was 
particularly resistant to the cephalosporins. Brisse et al., (2000) reported the resistance of K. oxytoca to 
fluoroquinolones and tetracyclines. In another study, Du, et al., (2014) recorded resistance of K. oxytoca to beta-lactam 
antibiotics, aminoglycosides, and fluoroquinolones. These authors support the observation recorded in this study which 
reports the multidrug resistance profile of this isolate. Similarly, Chakraborty et al., (2016) reported the resistance of K. 
oxytoca to Amoxicillin, Ceftriaxone, Ciprofloxacin, Cotrimoxazole, Gentamicin, Nalidixic acid, Tetracycline. 

The plasmid profile analysis showed that K. oxytoca had molecular weight plasmid as shown in Fig 5. This result is 
corroborated by Akanbi et al., (2004) who isolated K. oxytoca that had plasmids of different molecular weight with sizes 
ranging between 1.1 and 8.0 kb. 

 K. oxytoca bore no resistance gene for the primers used in this study which are ermB (macrolide) and BlaTem 
(Betalactam) genes band qnrB gene (quinolones), (Fig 8) but the result of the antibiotic resistance to several classes of 
antibiotics including the betalactams, quinolones and macrolides. It is possible that the resistance factors in K. oxytoca 
are chromosome borne. Decree et al., (2004) reported in their work that 25% the K. oxytoca isolated had their resistance 
factors borne on the chromosome. Mathers et al., (2017) also discovered in their work that all chromosomally integrated 
blaKPC genes were from Klebsiella spp. 

It is worthy of note that in this study, the resistance to cephalosporins is more pronounced in the isolates. 
Cephalosporins have proven to be of immense importance in surgery and as first line therapy for a wide variety of 
infections, hence its continuous relevance and usage. Unfortunately, most bacteria of clinical importance have become 
resistant to these antibiotics, therefore, a worldwide problem (Adesoji et al., 2016). Bassetti et al., (2011) identified the 
Enterobacteriaceae as a group of microorganisms mainly involved in conferring resistance to this antibiotic. 

The gene probe of the resistance factor using primers showed that E. faecalis had no resistance factors for the gene 
primers (Fig 5-8). It is possible that the resistance gene are chromosomal and not plasmid borne. Cho et al., (2020) 
documented that although strains of E. faecalis was resistant to macrolide antibiotic, ermB genes were not detected in 
them. He further affirmed that not all isolates with resistance phenotypes carried AR genes. 

Certain genes may be more related to the risks of the emergence or persistence of resistance than others. For example, 
integrons and sulfonamide resistance genes have been used to detect anthropogenic contaminants (Wang et al., 2014; 
Gillings et al.,2015). Erm genes encode resistance to macrolide antibiotics, which have long been used to treat Gram-
positive and certain Gram-negative pathogens infecting humans, swine and cattle. Broadly, macrolide antibiotics act by 
binding to the 23S subunit of the bacterial ribosome, causing premature release of peptides during translation. The erm 
genes cause resistance by methylating rRNA at the active site, reducing the ability of macrolide antibiotics to bind to the 
ribosome (Weisblum 1998; Vester and Douthwaite 2001). Erm-mediated resistance to macrolides has also been 
observed to confer resistance against other antibiotics, including lincosamide and streptogramin B (MLSB resistance 
(Leclercq and Courvalin 1991). 

The TEM β-lactamases represent one of the most clinically significant families of β-lactamases. TEM-1, is considered 
broad spectrum and hydrolyzes the early cephalosporins, in addition to many penicillins. TEM-1 has become the most 
commonly encountered β-lactamase and is ubiquitous among Enterobacteriaceae. The blaTEM genes are located on a 
family of related β-lactamase plasmids. Although β-lactamase genes are thought to have originally resided solely on 
bacterial chromosomes, they are often found on plasmids. The mobility of these genes is related to their association 
with transposons and even integrons. Transposons have been implicated in the spread of TEM β-lactamase to plasmids 
in Haemophilus influenzae and Neisseria gonorrhoeae (Eilwell et al., 1975). 

The qrn gene encode the resistance factor to the quinolones. Qnr, the gene product, is a member of the pentapeptide 
repeat family of proteins and has been shown to block the action of ciprofloxacin on purified DNA gyrase and 
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topoisomerase IV (Tran et al., 2002). A large number of qnr alleles have been found on plasmids or bacterial 
chromosome. And it is predominant in the Enterobacteriaceae. Literature has shown that bacterial strain with qnrB 
demonstrated low-level resistance to all quinolones (Jacoby, et al., 2006). The qnrA gene has been found in plasmids 
with a variety of other resistance determinants but always as part of a sul1-type integron (Nodmann et al., 2005). 

5. Conclusion 

Bacterial antibiotic resistance, a global health threat, is caused by plasmid transfer or genetic mutations. The 
development of MDR bacteria is an emerging problem worldwide, especially in developing countries. The result of this 
research emphasizes the fact that intestinal bacteria are prone to developing antibiotic resistance through horizontal 
transfer of plasmids or genetic mutation. The human gut microbiota harbors both commensals and opportunistic 
pathogens which can acquire resistance to antibiotics through mutation and horizontal gene transfer. 

The development of antibiotic resistance in bacteria has been traced to uncontrolled use of antibiotics both in human 
therapy and agricultural practices. There is therefore a need to promulgate laws on the consumption and 
recommendation of antibiotics both in hospital and agricultural settings. 

The need to understand how bacteria adapt to the antibiotic environment will lead to new therapeutic strategies for 
antibiotic-resistant infections. Interventions measures to minimize the abundance of antibiotic-resistant commensals 
and opportunistic pathogens may include faecal microbiota transplantation and the use of live biotherapeutics. 

Also, with the pandemic nature of bacteria resistance to cephalosporins and the thousands of annual deaths reportedly 
to have been caused by plasmid transfer and perhaps more alarming, its fast emergence and spread, a restriction in the 
use of these antibiotics (especially the third and fourth generations), would be recommended, and then the ceftolozane 
– tazobactam combination encouraged since it has demonstrated an excellent activity against enterobacteriaceae  
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