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 ABSTRACT 
 

Background and Aim: Escherichia coli is the normal flora of the human and animal intestine that sometimes causes 
pathogenesis within the intestine and urinary tract. The current study investigates resistance genes in Escherichia coli 
isolated from the toilets at the Islamic Azad University of Mashhad, Iran, and to perform genome sequencing in tetracycline-
resistant strains. 

Materials and Methods: This cross-sectional evaluation was carried out on 200 samples collected over three months. 
Samples were cultured and isolated using eosin methylene blue agar medium (EMB). E. coli Samples were identified and 
used to evaluate the resistance genes by polymerase chain reaction (PCR). The E. coli isolates were used for an Antibiogram 
test to identify resistant strains. For the statistical analysis of antibiotics pattern, SPSS-22 and the Kolmogorov-Smirnov test 
were used.  

Results:  Out of 200 samples, 41 isolates were identified as E. coli with the highest resistance rate to cefotaxime (74.60%) 
and the highest sensitivity rate to gentamicin (58.74%). Among the 20 isolates, 30%, 20%, 25% carried blaTEM-1, blaOXA-10 and 
blaOXA-48 genes, respectively. Among 38 tetracycline-resistant isolates, three isolates (7.89%) had tetA gene, and two (5.26%) 
had the tetR gene. 

Conclusion:  In this experiment, most of the isolates were identified as E. coli and were resistant to antibiotics. To control 
the spread of E. coli infectious disease and arbitrary use of antibiotics, it is recommended to conduct some educational 
programs and social activities with the aim of increasing health awareness.  
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1. Introduction 

The appearance and prevalence of antimicrobial-
resistance (AR) among human pathogens have been 
observed in recent decades and have led to the 
development of antibiotic-resistant bacteria (1). 
Microorganisms are capable of developing resistance 

to antibiotics, and this occurs when a bacterium 
acquires a resistance gene that reduces or eliminates 
the drug's effect, in which case the mutated gene 
survives. Any antimicrobial agent can cause resistance 
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in the microbial population and thus produce resistant 
genes (2). 

Regrettably, improper use of antimicrobial drugs 
kills some sensitive microorganisms and creates 
favorable living conditions for resistant bacteria. So 
the effectiveness of some antibiotics has decreased 
(3). In developing countries, the transmission of 
antibiotic-resistant bacteria often occurs person-to-
person through contaminated food, drinking water, 
and insects. Drug resistance can mean that people 
infected with such bacteria do not respond to 
conventional antibiotic drugs (4, 5). 

For the first time in 1885, Theodor Escherich, a 
German-Austrian pediatrician, isolated a motile gram-
negative bacterium from an infant´s gut that grew well 
in synthetic culture media. Escherich named the 
bacterium coli commune, known as Escherichia coli in 
1919 (6). The genus E. coli is a member of the 
Enterobacteriaceae family, which exists as part of the 
normal flora in the large intestine of humans and 
animals. E. coli is a gram-negative bacillus usually with 
mobile flagella. Each gram of human feces contains 
more than108 E. coli bacteria (7, 8). E. coli resistant 
strains can be transmitted through human, animal, 
and food products and can also transfer their 
resistance genes to other pathogens. Among 
antibiotic-resistant E. coli, the prevalence of 
tetracycline-resistant strains is high (9).  

Tetracycline is not commonly used to treat E. coli 
infections in humans; however, resistance to this 
antibiotic is widespread in E. coli infections. The amino 
acid sequence of tetracycline pumps is divided into six 
groups, including tet A, tet B, tet C, tet D, and tet E, in 
group 1 due to amino acid similarities. Tetracycline 
efflux pumps are specifically involved in developing 
tetracycline resistance (10). Plasmids and transposons 
are the main factors in the rapid spread of tetracycline 
resistance genes among E. coli strains (9). Resistance 
to tetracycline in bacteria is associated with reflux, 
ribosomal protection, enzyme inactivation, and target 
modification. Tetracycline efflux was first identified in 
Shigella dysentery in 1953 (11).  

A limited number of bacteria receive tetracycline 
resistance through mutations. This can happen by 
altering the permeability of outer membrane purines, 
outer membrane lipopolysaccharides, changes in 
ribosomal 16S rRNA component, or mutations in 
genes associated with the ion pump mechanism swells 
(3). Regarding tetracycline resistance among E. coli in 
clinical and animal samples and the lack of genetic 
sequences of this bacterium, we decided to sample 
from the toilets and identify the resistant genes by 
molecular techniques. The aim of this study was to 
determine antibiotic resistance pattern and 
prevalence of tetA, tetB, tetR, OXA-10 and OXA-48 

genes among E. coli isolates from Toilets in Mashhad 
Azad University in Iran.  

 

2. Materials and Methods 

2-1. Collection and Identification of Isolates 

This cross-sectional study involved 200 samples that 
were collected randomly from the toilets of faculty of 
Basic Sciences, Islamic Azad University in Mashhad, 
over three months from October to December 2020 
(during the Covid-19 pandemic) and under sterile 
conditions, sent to the laboratory. Tests for isolation 
and identification of bacteria were performed up to 5 
h after sampling. To separate E. coli, sterile swabs 
soaked in sterile distilled water then sampling was 
done from bathroom parts, including stones, hoses, 
faucets, trash cans, toilets, washbasin, handles, and 
floors. Twenty-four samples were taken from each 
part. Samples were separated from men's, women's, 
and employees' toilets. 

2-2. Culture of Isolates 

Swabs were put in the tube containing nutrient 
broth medium, and the tubes were incubated for 24 h 
at 37°C under aerobic conditions. Next, to dilute the 
microbial suspension, 10μl of suspension was 
inoculated into the surface of eosin methylene blue 
(EMB) agar and nutrient agar by streak culture and 
plates were incubated at 37°C for 24 h. In the next 
step, colonies were tested for gram staining and 
differential biochemical tests include oxidase, 
catalase, indole, methyl red, Voges-Proskauer test, 
citrate, fermentation of sugar, production of H2S and 
gas in Kligler's Iron (KIA) agar (12). Gram staining, 
catalase and coagulase test, esculin hydrolysis in bile 
esculin agar, fermentation of mannitol in mannitol salt 
agar and novobiocin test were used to identify gram-
positive bacteria (12).  

 2-3. Antibiotic Susceptibility Test 

An antibiogram test was performed by the disk 
diffusion method according to the Clinical & 
Laboratory Standards Institute (CLSI) (13).The 
antibiotic resistance test was assessed in Mueller-
Hinton agar for the eighth standard antibiotic discs 
(Padtan Teb, Iran), including Ampicillin (10μg), 
Tetracycline (30μg), Gentamicin (10μg), Cefixime 
(5μg), Cefotaxime (30μg), Ceftazidime Clavulanat 
(10μg), Ceftazidime (30μg) and Ciprofloxacin (5μg). 
After measuring the diameter of the growth inhibition 
zone and according to the standard table, each 
isolate's sensitivity and resistance status were 
reported. E. coli PTCC 1330 was used as a reference 
strain for antibiotic susceptibility testing.  
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2-4. DNA Extraction 

For this purpose, pure colonies of E. coli isolates 
were inoculated in 3 mL of brain heart infusion broth 
and incubated at 37℃ for 18 hours. DNA extracted by 
using a Sinaclon DNA extraction kit for gram-negative 
bacteria and stored in a freezer at -20 °C. To confirm 
E. coli, a PCR test was performed using 16S rRNA 
specific primer (Table 1). E. coli PTCC 1330 was used as 
a positive control, and sterile distilled water was used 
as a negative control. 

 

2-5. Detection of blaOXA-10, blaOXA-48, blaTEM-1, tetA, 
tetB, and tetR genes 

Specific primers were used to differentiate strains 
containing beta-lactamase enzymes OXA-10, OXA-48, 
and TEM-1 in beta-lactam resistant isolates and to 
detect tetA, tetB, and tetR genes in tetracycline-
resistant isolates. PCR was used to detect genes. 
Specific primers of blaOXA-10, blaOXA-48, blaTEM-1, and tetA 
were selected from the papers (as shown in Table 1) 
and for the tetB and tetR primers were designed using 
AllelID v 6.01 software (14). In order to check the 
specificity for the desired sequence, all the primers 
were blasted in the NCBI site.  

Table 1. Primers used in the present research 

Reference Product 
Size 

reverse sequences 
(‘5→’3) 

forward sequences 
(5’→3’) primer 

(15) 798 GGACTACCAGGGTATCTAAT AGAGTTTGATCATGGCTCAG 16S rRNA 

(16) 276 TCCCACACCAGAAAAACCAG TCAACAAATCGCCAGAGAAG OXA-10 

(16) 438 CATCAAGTTCAACCCAACCG GCGTGGTTAAGGATGAACAC OXA-48 

(17) 800 CGTTCATCCATAGTTGCCTGAC CATTTCCGTGTCGCCCTTATTC TEM-1 

- 174 CAGGCAGGTGGATGAGGAAC GGCAGGCAGAGCAAGTAGAG tetR 

- 340 GCATCGCTGGATTACTTATTG CTACTTCGGTATCTGTATTATCAC tetB 

(18) 234 CTTTCTCGGTCCTTCAAC GACAATCAACTACTTCACTG tetA 
 

The final volume of the PCR reaction (25 µL) in was 
as follows: 12.5 µL of Mastermix (2X) (Pars Toos, Iran), 
1 µL of each forward and reverse primer (10 mM) 
(Sinaclon, Iran), 2 μL of DNA template (33.0 ng) and 8.5 

μL of distilled water. PCR of each gene was performed 
using a thermocycler (Kyratec, Korea) with the time 
and temperature program as listed in Table 2. 

 

Table 2. Optimal conditions for PCR of 16S rRNA, blaOXA-10, blaOXA-48, blaTEM-1, tet-A, tet-B and tet-R genes  

Final extension Extension Annealing Denaturation Initial 
denaturation  

Time Temp Time Temp Time Temp Time Temp Time Temp  

5 min 75 45s 72 45s 51 45s 94 5 min 94 16S rRNA 

5 min 75 30s 72 30s 52 30s 95 5 min 95 blaOXA-10 

5 min 75 30s 72 30s 53 30s 95 5 min 95 blaOXA-48 

10 min 72 60s 72 45s 57 45s 94 9 min 94 blaTEM-1 

3 min 75 30s 72 30s 57 30s 94 5 min 95 tetA 

5 min 75 45s 72 45s 56 45s 94 5 min 95 tetB 

3 min 75 30s 72 30s 50 30s 94 5 min 95 tetR 
 

2-6. Gene Sequencing 

PCR products were electrophoresed on a 1% 
agarose gel containing green viewer for 60 min at a 
voltage of 90 volts. Finally, gel agarose and DNA bands 
were photographed using a gel documentation device. 

The PCR products of blaOXA-10, blaOXA-48, blaTEM-1, tetA, 
tetB, and tetR genes were sent to the Genetics 
Laboratory of Razavi Hospital in Mashhad for 
sequencing. The obtained results were analyzed via 
Gene Codes Sequencher v5.4.6 software to check the 
sequence on NCBI website. 
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2-7. Statistical Analysis  

SPSS Statistics V22.0 (IBM, Chicago, IL, USA) and 
Kolmogorov-Smirnov tests were used to perform 
statistical analysis and p-values of less than 0.05 
(p<0.05) were considered statistically significant. 

 

3. Results 

Results being studied out of 200 samples collected 
in this study showed that 159 isolates were identified 
as gram-negative bacteria based on microscopic 
characteristics and, 41 isolates (20.5%) were identified 
as E. coli based on colony characteristics and 
biochemical tests (Figure 1).  

 
Figure 1. Frequency of isolated bacteria  

 

All gram-negative isolates with results of oxidase 
negative, catalase-positive, lactose positive, H2S 
negative, gas positive, indole positive, methyl-red 
positive, Voges-Proskauer negative, and citrate 
negative was identified as E. coli. All E. coli isolates 
were confirmed using 16S rRNA gene-specific primers 
in the PCR (Figure 2).  

The antibiotic susceptibility of E. coli isolates was 
evaluated by the disk diffusion method. The 
Kolmogorov-Smirnov test among antibiotics-
resistance E. coli isolates showed a significant resistant 
to Cefotaxime (P>0.001) (Figure 3). 

Table 3 represents high resistance to Cefotaxime 
(74.60 %) among the isolates. E. coli isolates showed 
the highest sensitivity to Gentamicin (58.74 %). 

 

 
Figure 2. Gel electrophoresis of 16S rRNA gene for some 

E. coli isolates with 100bp ladder (L: Ladder, +: positive 
control, -: negative control) 

 

 

Table 3. Antibiotic susceptibility of E. coli isolates 

Type of antibiotic Resistant (%) Intermediate (%) Sensitive (%) p-Value 

Tetracycline 38(60.32) 10(15.87) 15(23.81) 

Cefixime 41(65.08) 6(9.52) 16(25.40) 

Ampicillin (63.49) 40 7(11.11) 16(25.40) 

Ciprofloxacin 39(61.90) 5(9.93) 18(28.17) 
P> 0.001 

Ceftazidime 45(71.43) 5(7.94) 13(20.63) 

Ceftazidime clavulanate 44(69.83) 4(6.36) 15(23.81) 

Gentamicin 14(22.22) 12(19.04) 37(58.74) 

Cefotaxime 47(74.60) 4(6.36) 12(19.04)  
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Figure 3. Antibiotics susceptibility patterns of E. coli isolates (P> 0.001) 
 

Detecting of blaTEM-1, blaOXA-10, and blaOXA-48 genes 
among 20 beta-lactam-resistant isolates by PCR 
indicated that 6 isolates (30%) had blaTEM-1 gene 

(Figure 4); 4 (20%) had blaOXA-10 gene (Figure 5) and 5 
isolates (25%) had blaOXA-48 gene (Figure 6).

 

  
Figure 4. Electrophoresis gel of blaTEM-1 gene for some 
resistant E. coli isolates to beta-lactam antibiotic with 100bp 
ladder (L: Ladder, +: positive control, -: negative control) 

Figure 5. Electrophoresis gel of blaOXA-10 for some resistant E. 
coli isolates to beta lactam antibiotic with 100bp ladder (L: 
Ladder, +: positive control, -: negative control) 

 

To detect the blaTEM-1 gene, a strain from the 
Microbiology Laboratory of Mashhad Azad University 
collection containing the desired gene was used as a 
positive control (19).  

To detect the blaOXA-10 and blaOXA-48 genes, a strain 
from the Microbiology Laboratory of Mashhad Azad 
University collection containing the desired gene was 
used as a positive contrast (16). 

Among 38 tetracycline-resistant isolates, (7.89%) 
carried the tetA (Figure 7) and 2 (5.25%) carried the 
tetR gene (Figure 8). The tetB gene was not detected 
in any tetracycline-resistant isolates. 

The strains carrying tetA and tetR genes from 
microbial collection of the Microbiology Laboratory of 
Mashhad Azad University were used as positive 
controls (20). 
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Figure 6. Electrophoresis gel of blaOXA-48 

gene for some resistant E. coli isolates to 
tetracycline with 100bp ladder (L: Ladder, 
+: positive control, -: negative control) 

Figure 7. Electrophoresis gel of tetA 
gene for some resistant E. coli isolates to 
tetracycline with 100bp ladder (L: 
Ladder, +: positive control, -: negative 
control) 

Figure 8. Electrophoresis gel of tetR 
gene for some resistant E. coli 
isolates to tetracycline with 100bp 
ladder (L: Ladder, +: positive 
control, -: negative control) 

 

Gene Sequencing 

PCR products of blaOXA-10, blaOXA-48, blaTEM-1, tetA, 
tetB, and tetR genes were sent for sequencing. The 

data were obtained from the Genetics Laboratory of 
Razavi Hospital in Mashhad and was BLAST on the 
NCBI website. The results were shown in Table 4. 

 

Table 4. Accession Number of similar sequences in the NCBI database and their degree of similarity 

Gene name Similar sequence Accession Number in 
the NCBI database 

Alignment 
Explanation 

blaOXA-10 HM240865 Nucleotide C was deleted in row 56. 

blaOXA-48 MN654467 Alignment 100 % 

blaTEM-1 -  

tet-A KX117210 Alignment 100 % 

tet-B -  

tet-R KX117210 There is nucleotide A instead of nucleotide G in row 546. 
 

 

4. Discussion 
The spread of beta-lactamases among gram-

negative bacteria has been reported as the most 
serious threat to infectious diseases. The increasing 
use of antibiotics has led to inherent and acquired 
resistance among these gram-negative microbes (21). 
OXA enzymes are a class of beta-lactamase enzymes 
that hydrolyze Oxacillin antibiotics. These enzymes are 
widely distributed among various strains of 
Enterobacteriaceae and Acinetobacter. These 
enzymes can also hydrolyze Carbapenem antibiotics. 
Given that these antibiotics are among the most 
beneficial ones for treating infections, resistance to 
these antibiotics is a significant risk (22, 23). 

In this research, from 200 samples collected, 41 
isolates (20.5%) were identified as E. coli. Antibiogram 
results showed that they had the highest resistance to 
Cefotaxime with 74.60% and the most heightened 

sensitivity to gentamicin with 58.74%. Regarding the 
detection of beta-lactam resistance genes, among 20 
isolates, six isolates (30%) carried the blaTEM-1 gene, 
four isolates (20%) carried blaOXA-10 gene and five 
isolates (25%) carried the blaOXA-48 gene.  

Also, research on the frequency of Tetracycline-
resistance genes, among 38 isolates, three isolates 
(7.89%) had the tetA gene, and two isolates (5.26%) 
had the tetR gene. None of the isolates had the tetB 
gene. From the results of tracking tet genes in our 
work, it is inferred that, fortunately, the prevalence of 
these genes in the population study is low. 

In a study in Bojnourd, out of 50 urine samples, 34 
E. coli samples had resistance genes, and among them, 
12 isolates (24%) had blaTEM-1 beta-lactamase. The 
highest frequency of antibiotic resistance was 
observed for Ampicillin (84%), Co-trimoxazole (60%), 
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and the highest frequency of antibiotic susceptibility 
was observed, Nitrofurantoin (94%) and Gentamicin 
(78%) (24). 

The higher frequency of the blaTEM-1 gene and the 
difference in antibiotic-resistance in this research 
compared to Amiri et al. could be due to differences 
in the geographical areas studied. 

In another similar study by Mousavi et al. in Robat 
Karim (Iran), from 253 urine samples collected from 
patients, 100 samples were identified as E. coli (55%). 
Among them, 60 isolates were positive for ESBL 
production, of which 48 isolates with the TEM gene 
were reported (25). 

Similar to the present work, ESBL-producing strains 
have a high frequency, indicating a high prevalence of 
beta-lactamase genes in the community; however, the 
frequency of TEM gene is much higher than in this 
study, which may be due to differences in the type of 
sample. 

Studies in Iran, Tunisia, Sudan, Brazil, South Africa, 
and India have reported widespread prevalence of 
beta-lactamases by E. coli carrying the TEM gene, with 
an average of 53% indicating the high prevalence of 
this gene in developing countries (26-30).  

Examination by Kamrani Hemmat et al., in several 
hospitals in different cities in Iran (Tehran, Borojerd, 
and Sanandaj), Out of 150 isolates of E. coli, 88 isolates 
(27.86%) had tetA gene, and 83 isolates (37.81%) had 
the gene tetB were identified. In 74 isolates (54.72%), 
both genes had Tetracycline resistance, and in five 
isolates (90.4%), they lacked resistant genes (3). 

A study by Kadai et al., in Zabol City, out of 100 
isolates of E. coli, 57 isolates were tetracycline 
resistant, of which 32 isolates (14.56%) were resistant 
to tetA gene, and 28 isolates (12.49%) were carriers of 
the tetB gene. Both tetA and tetB genes were present 
in 15 isolates (10). 

A comparison of the results of these studies with the 
present study shows that the prevalence of tet genes 
in hospitalized patients and clinical specimens is much 
higher than in the samples obtained in this study. 
Therefore, the presence of tetracycline resistance 
genes is the main cause of tetracycline resistance in 
clinical samples not in environmental samples.  

In a study by Gurung et al. in Nepal, 141 E. coli 
isolates were identified from 154 gram-negative 
isolates. Ninety-seven isolates carried beta-lactamase 
enzymes, of which 57 isolates (33.3%) had the OXA48 
gene (31). 

The results of a research by Gurung et al. are similar 
to the present study, and the prevalence of the blaOXA-

48 gene is the same. In the academic work of Hashemi 
et al., the prevalence of blaOXA-10 and blaOXA-48 genes 
among clinical isolates of Pseudomonas aeruginosa 
resistant to Imipenem was 26.3% and 23.6%, 
respectively (16). The results of these studies were 
almost identical.  

However, a comparison of the results of the two 
recent studies mentioned with the current study, it 
cannot be concluded that the prevalence of OXA 
genes is the same in clinical and environmental 
samples. Given that there is no information on the 
health status of people who have used the health 
services; it is possible that the isolates carrying the 
OXA genes belonged to people who had disease. 

blaTEM-1, blaOXA-10, and blaOXA-48 genes are very 
common in beta-lactamase-producing (ESBL) samples 
in this study, the outbreak of the present genes was 
more frequent, and according to studies conducted in 
Iran and European-American countries, it shows that 
the prevalence of resistance to beta-lactam antibiotics 
is increasing. To prevent the overuse of antibiotics, 
doctors and health professionals are expected to be 
informed about the drugs through preventive training 
programs. 

 

5. Conclusion 

The results of this research showed that E. coli 
carrying antibiotic resistance genes are found in toilets 
and the resistance gene sequence was very similar to 
NCBI database. Since these bacteria can play a role in 
the transmission and spread of antibiotic resistance, it 
is recommended to reduce the possibility of 
transmission and spread of pathogenic bacteria as well 
as the growth of antibiotic-resistant strains, by 
observing personal hygiene and daily disinfection of 
toilets. 
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