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Abstract 

Background: Enterococcus spp. are one of the important causes of 
hospital-acquired and community-acquired infections, and their 
treatment is associated with serious challenges due to their increasing 
resistance to antibiotics. The aim of the present study was to 
investigate antibiotic resistance and identify vancomycin-resistant 
genes in vancomycin-resistant enterococci collected from patients of 
Imam Hossein Hospital in Shahroud. 
Methods: In a descriptive-cross-sectional study, 94 clinical isolates of 
Enterococcus were collected from different samples. Phenotypic and 
molecular identification of the species was performed, and 
susceptibility to vancomycin was investigated using agar disk diffusion 
and MIC-MBC methods. Also, PCR was used to identify vanA, vanB, 
vanD, vanC, and vanC2/C3 genes. 
Results: In the disk diffusion method, 89.7% Enterococcus faecium 
isolates and 83.3% Enterococcus faecalis isolates were resistant to 
vancomycin. In the MIC-MBC method, 78.4% E. faecium isolates and 
66.6% E. faecalis isolates were resistant to vancomycin. PCR results 
showed that the vanA gene was detected in 66.6% of the vancomycin-
resistant isolates. The vanC1 and vanD genes were not detected in any 
of the strains. The vanB and vanC2/C3 genes were each detected in 
1.4% of the isolates. 
Conclusion: The results indicate a high prevalence of vancomycin 
resistance among E. faecium isolates, especially the vanA gene. The 
findings emphasize the need for rational use of antibiotics and 
continuous monitoring of resistance patterns. 
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Introduction 

Enterococci are Gram-positive cocci that have become the 

focus of nosocomial infections due to their high drug 

resistance1. There are more than 17 species of Enterococcus, of 
which Enterococcus faecium and Enterococcus faecalis are the 

most pathogenic for humans and cause infections, especially in 

hospitalized patients2. The pathogenicity of enterococci is 

associated with their inherent and acquired resistance to 

antibiotics2, 3. Inherent resistance is genetic resistance to 

antibiotics that is not transferable. Acquired resistance in 

enterococci results from mutations in DNA or genetic elements 

such as transposons or plasmids4, 5. 

Enterococci are resistant to various antibiotics by different 
mechanisms6. These bacteria have penicillin resistance due to 

increased synthesis of penicillin-binding protein type 5 or beta-

lactamases, which is often accompanied by glycopeptide 

resistance and resistance to gentamicin6, 7. Enterococci also 

produce an enzyme that methylates adenine in the 23S rRNA 
of the 50S bacterial ribosomal subunit and becomes resistant to 

macrolides8, which reduces the binding of erythromycin, 

azithromycin, and clarithromycin, and even affects the activity 

of streptogramin B and lincosamide antibiotics9-12. 

Enterococcal resistance to chloramphenicol is due to the 
presence of the chloramphenicol acetyltransferase enzyme and 

the cat gene on the plasmid13. Enterococci are resistant to these 

antibiotics by aminoglycoside-modifying enzymes such as 

aminoglycosyl phosphotransferases, aminoglycosyl 

acetyltransferases, and aminoglycosyl nucleotidyl 

transferases14-17. 

The most important form of resistance is the emergence of 

resistance to vancomycin. Resistance of enterococci, especially 

faecium, to vancomycin is a global problem18. This problem is 

compounded when patients infected with these bacteria are 
mostly immunocompromised, elderly, or have underlying 

diseases19, 20. These bacteria can serve as a reservoir for the 

transfer of drug resistance genes to other bacteria, including 

Staphylococcus aureus21. The global prevalence of 

vancomycin-resistant enterococci (VRE) is between 23-28% 
and is probably higher in Iran21, 22. The most important 

mechanism of high-level resistance to vancomycin in 

enterococci is the presence of the van gene, which has the 

ability to transfer this gene among themselves, and the high-

level resistance phenotype is closely related to the presence of 
this gene22. One of the main genes responsible for the 

occurrence of resistance is the vanA gene, which is transferred 

via the Tn1546 transposon, which is capable of transferring 

between different strains and even bacilli and streptococci, 

corynebacterium, lactobacilli, and even staphylococci23. This 
gene confers high-level resistance to vancomycin and 

teicoplanin. In addition to the vanA gene, the Tn1546 

transposon carries 9 other polypeptides. This genotype 
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produces a ligase that causes a lack of affinity for vancomycin 

and prevents vancomycin from inhibiting cell wall synthesis. 

Other genes in the transposon, such as vanH and vanX, also 

play a role in the occurrence of this phenotype23, 24. 

Given the importance of the issue and the lack of sufficient 

scientific documentation in this regard, especially in Shahroud 

city, the present study was conducted to investigate 

vancomycin resistance genes in VRE isolated from clinical 

samples of Imam Hossein Hospital, Shahroud. 

Materials and Methods 

Sample collection: The present study, which is a cross-

sectional study, was conducted descriptively in the Department 

of Microbiology, Shahroud University of Medical Sciences 

from March 2021 to December 2022. This study was 
conducted on 94 isolates from clinical samples, including 

wounds, urine, catheters, cerebrospinal fluid, blood culture, 

sputum, body fluid, fistula, and trachea, isolated from 

hospitalized and outpatient patients of Imam Hussein Hospital 

in Shahroud. In addition, the characteristics of the hospitalized 
patients and the source and type of infection were also 

recorded. 

The samples were cultured on selective enterococcus and 

blood agar media. Gram staining, catalase test, bile esculin agar 

media, and growth in 6.5% salt (NaCl) media were used to 

identify the Enterococcus genus25. Then, the Enterococcus 

strains were identified at the species level using the acid 

production test from arabinose. The sequences of the primers 

used are shown in Table 1. 

After collection and reconfirmation using genotypic and 

phenotypic methods, E. faecium and E. faecalis isolates were 

placed in TSB medium containing 20% glycerol and stored at -

70°C. 

Antibiotic susceptibility testing: The antibiotic 

vancomycin was used to investigate antibiotic resistance using 

the standard Kirby-Bauer method. For this purpose, a microbial 

suspension was prepared from the strains obtained in Mueller 

Hinton Broth medium and brought to a concentration of 0.5 
McFarland and cultured on Mueller-Hinton agar medium and 

incubated for 16-18 hours after placing the discs. To 

investigate resistance to vancomycin antibiotic, the broth 

dilution method was used26. 

DNA extraction and polymerase chain reaction: For 
extraction, the commercial Poya Gene Azma kit was used 

according to the manufacturer's instructions. Primers used from 

Macrogen Company were ordered by Pishgam Iran to identify 

the ddl (E. faecalis), ddl (E. faecium), and vancomycin genes in 

E. faecalis and E. faecium species by PCR (Table 1). 

 

Table 1. Specific primers for the detection of vancomycin genes in E. faecalis and E. faecium species  

Target genes Primers (5´→3´) Product (bp) References 

ddl (E. faecalis) 
ATCAAGTACAGTTAGTCTTTATTAG 
ACGATTCAAAGCTAACTGAATCAGT 

941 4 

ddl (E. faecium) 
TTGAGGCAGACCAGATTGACG 
TATGACAGCGACTCCGATTCC 

658 10 

vanA 
F: GGGAAAACGACAATTGC 

R: GTACAATGCGGCCGTTA 
732 13 

vanB 
F: ATGGGAAGCCGATAGTC 
R: GATTTCGTTCCTCGACC 

635 13 

vanD 
F: TGTGGGATGCGATATTCAA 

R: TGCAGCCAAGTATCCGGTAA 
500 14 

vanC1 
F: GGTATCAAGGAAACCTC 
R: CTTCCGCCATCATAGCT 

822 14 

vanC2/C3 
F: CGGGGAAGATGGCAGTAT 
R: CGCAGGGACGGTGATTTT 

484 14 

 

 

The reaction mixture consisted of 2 μl of template DNA, 1 

μl of each primer at a concentration of 25 picomolar, and 12.5 

μl of Master Mix (Ampliqon, Germany) containing (3 mM 

(NH₄)₂SO₄, Tris-HCl pH 8.5, Mgcl2, 0.2% Tween20, 0.2 unit 

Ampliqon dNTP 0.4 mM, polymerase, insert red dye, and 
stabilizer). Distilled deionized water was used to adjust the 

volume to 25 μl. The standard strain E. faecalis ATCC 29212 

was used as a control sample27, 28. 

Molecular investigation of the presence of vancomycin 

resistance genes: The primers of the target gene were 
lyophilized and diluted 1/10 to prepare a concentration of 10 

picomolar. The concentration of the microtube master for each 

sample was 12.5 µL of master mix, 9.5 µL of distilled water, 

and 1 µL of DNA and each of the primers, with a final volume 

of 25 µL. The thermocycler program was as follows: 5 minutes 

at 94°C for denaturation, 45 seconds at 57°C for annealing, and 

5 minutes at 72°C for extension29. 

Statistical analysis: The collected data were recorded on a 
computer and analyzed using SPSS 16 software using 

frequency tests (number and percentage). 

Results 

Of all the samples, 88 (93.6%) of the strains were E. 

faecium and 6 (6.4%) were E. faecalis. The mean age for the 
study group was 62.8 years, with an age range between 1 and 

93 years. Of these, 49 (52.1%) were male and 45 (47.9%) were 

female. The most samples were from the ICU ward, with 33 

cases (35.1%), and urine samples were the most abundant 

clinical samples, with 43 cases (45.7%). The results of the 
distribution of the ward and clinical samples collected are 

shown in Table 2. 
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Table 2. Frequency of enterococci isolated from different clinical samples in different hospital departments  

No (%) Clinical specimen No (%) Hospital department 

4 (4.5%) E. faecium 
Catheter 

29 (33%) E. faecium 
ICU 

0 E. faecalis 3 (50%) E. faecalis 
43 (48.9%) E. faecium 

Urine 
7 (7.9%) E. faecium 

Urology 
0 E. faecalis 2 (33.3%) E. faecalis 

8 (9.1%) E. faecium 
Wound 

9 (10.2%) E. faecium 
Surgery 

0 E. faecalis 0 E. faecalis 
16 (18.2%) E. faecium 

Blood 
2 (2.3%) E. faecium 

Pediatric 
0 E. faecalis 0 E. faecalis 

3 (3.4%) E. faecium 
Trachea 

6 (6.8%) E. faecium 
CCU 

0 E. faecalis 1 (16.6%) E. faecalis 
1 (1.1%) E. faecium 

fistula 
10 (11.4%) E. faecium 

Outpatient 
0 E. faecalis 0 E. faecalis 

2 (2.3%) E. faecium 
CSF 

16 (18.2%) E. faecium 
Internal ward 

0 E. faecalis 0 E. faecalis 
10 (11.3%) E. faecium 

Body fluid 
3 (3.4%) E. faecium 

Hospitalization 
0 E. faecalis 0 E. faecalis 

1 (1.1%) E. faecium 
Sputum 

6 (6.8%) E. faecium 
Emergency 

0 E. faecalis 0 E. faecalis 

 

 

Vancomycin susceptibility pattern study by DDA and 

MIC-MBC method: Of the 94 isolates studied, 79 (89.7%) E. 

faecium isolates and 5 (83.3%) E. faecalis isolates were 
vancomycin resistant by disk diffusion method, which was 

confirmed by broth microdilution (MIC) method, which 67 

(76.1%) E. faecium isolates were resistant, 4 (66.6%) E. 
faecalis isolates were resistant, 4 (4.5%) E. faecium isolates 

were intermediate, and 1 (16.6%) E. faecalis isolates were 

intermediate. The results of disk diffusion and MIC methods 

are shown in Table 3. 

 

Table 3. Resistance rate to vancomycin antibiotic isolated from clinical samples by DDA and MIC-MBC methods 

Vancomycin disk 

Method DDA Method MIC-MBC 

Resistant 
N )%( 

Intermediate 
N )%( 

Sensitive 
N )%( 

Resistant 
N )%( 

Intermediate 
N )%( 

Sensitive 
N )%( 

E. faecium N=88 79 (89.7) 0 (0) 9 (10.2) 69 (78.4) 4 (4.5) 15 (17) 
E. faecalis N=6 5 (83.3) 0 (0) 1 (16.6) 4 (66.6) 1 (16.6) 1 (16.6) 

 

 

Identification of vancomycin resistance genes in the 

studied isolates: The results of PCR amplification showed that 
the highest frequency of vancomycin resistance genes related 

to the vanA gene in enterococci isolated from clinical samples 
was 51 (59.3%). The vanC1 and vanD genes were not detected 

in any of the strains. In PCR of high-level VRE, 46 (66.6%) 

isolates of E. faecium had the vanA gene, 1 (1.06%) had vanB, 

1 (1.06%) had vanC2/C3, and 4 (100%) isolates of E. faecalis 
with high-level vancomycin resistance had the vanA gene. The 

frequency of vancomycin resistance genes in E. faecium with 
high-level and intermediate vancomycin resistance isolated 

from clinical samples is shown in Table 4. 

 

 

Table 4. Frequency of vancomycin resistance genes in E. faecium isolates isolated from clinical samples 

Genes 
High-level vancomycin resistance 

N (%) 
Intermediate vancomycin resistance 

N (%) 

vanA 
+ E. faecium 46 (66.6) 1 (25) 
-  E. faecium 23 (33.3) 1 (25) 

vanB 
+ E. faecium 1 (1.4) 0 (0) 

-  E. faecium 68 (98.5) 4 (100) 

vanC2/C3 
+ E. faecium 1 (1.4) 0 (0) 
-  E. faecium 68 (98.5) 4 (100) 

 

 

 

Discussion 
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The results of the present study showed that the resistance 

rate of E. faecium to vancomycin in the agar disk diffusion 

method was 79 cases (89.7%) and in the MIC-MBC method 

was 69 cases (78.4%). Also, the results of the PCR test showed 
that 46 (66.6%) high-level vancomycin-resistant E. faecium 

isolates carried the vanA gene, 1 (1.4%) had the vanB gene, 

and 1 (1.4%) had all three vanC2/C3 genes. In other words, the 

vast majority of the clinical samples studied were resistant to 

vancomycin. 

Due to genetic variations among strains, differences in 

normal flora, differences in the type of antibiotic prescription, 

and drug resistance to different antibiotics, as well as 

differences in the level of access to antibiotics among different 

segments of society, especially in hospitalized patients, drug 
resistance to antibiotics has a different frequency in Iran and 

other parts of the world22-24. 

VRE are among the most important causes of hospital-

acquired infections worldwide, which can cause urinary tract 

infections, bacteremia, endocarditis, cholecystitis, cholangitis, 
peritonitis, meningitis, and wound infections. The incidence of 

VRE infections is increasing worldwide. It is the third most 

common cause of hospital-acquired infections, after 

Escherichia coli and Staphylococcus aureus27. The reservoir of 

enterococci is the large intestine, and most enterococcal 

infections are endogenous28. 

In our study, most VRE isolates carried the vanA gene, 

followed by the vanB gene. It was also found that the most 

clinical samples were from urine samples (48.9%) and blood 

samples (18.2%). Most samples were from ICU and internal 

medicine departments with 33% and 18.2%, respectively. 

In a study by Nikooei et al. in Isfahan, which was 

conducted on the phenotypic and genotypic frequency of vanA 

and vanB genes in enterococci isolated from clinical samples, it 

was determined that out of 165 enterococci isolates studied, 40 
(25%) were vancomycin-resistant, and by species 

determination, 85% of them were E. faecium and 10% were E. 

faecalis. Among the VRE, 34 (85%) cases had the vanA gene 

and 6 (15%) cases had the vanB gene. Most of the samples 

studied were of urinary origin and were then related to wound 

samples29. 

In the study by Kinnear et al., 45 (20.4%) of 220 

enterococci were vancomycin-resistant, and 35 (77.7%) were 

E. faecium, and 8 (17.7%) were E. faecalis by typing. Among 

the VRE, 85.5% were isolated from urine, and 43 (95.5%) 

contained the vanA gene30. 

In a study by Weisblum et al., 19 (4.6%) of 414 enterococci 

were vancomycin-resistant, and typing revealed that all 19 VRE 

were Enterococcus faecium. Among VRE, 17 (89%) were 

isolated from urine, all of which had the vanA phenotype31. 

In all the studies, urinary tract infections included the 

highest number of VRE infections compared to other infections, 

and the dominant gene for this resistance was the vanA gene, 

which is due to the high ability of the vanA gene transposon to 

transfer. The results of all the studies are consistent with the 
findings of the present study and indicate a very high resistance 

of Enterococcus faecium to vancomycin29-31. Differences in the 

distribution of genes (such as vanB or vanC2/C3) may be due 

to geographical differences, type of samples, or hospital 

conditions. Enterococci, especially E. faecium, show high 

intrinsic resistance to antibiotics and have the ability to acquire 

resistance genes through plasmids and transposons, such that 

resistance to glycopeptides, including vancomycin and 

teicoplanin, has increased32. 

The vanA and vanB genotypes are acquired and can be 

transferred to other bacteria. Therefore, rapid and complete 

treatment of patients and prevention of infection between 

individuals are very important to prevent drug resistance. It 
should be noted that the reason for high resistance to 

vancomycin in enterococci lacking the vanA, vanB, and vanC 

genes is most likely due to increased peptidoglycan synthesis in 

the cell wall23, 24. 

The treatment of infections worldwide has been challenged 
by the emergence of bacteria resistant to various antibiotics33. 

The increase in VRE has created a serious problem in the 

treatment of enterococcal infections. On the other hand, there is 

also a risk of increasing the transmission of this resistance 

factor to other vancomycin-susceptible species34. 

The increase in VRE has created a serious problem in the 

treatment of enterococcal infections. VRE have become an 

important hospital pathogen due to their rapid spread, 

association with infections and high mortality rates, limitations 

in treatment, and the possibility of transferring vancomycin 
resistance genes to other pathogenic and more common 

pathogens such as S. aureus35. 

Cases such as prolonged hospital stay, inappropriate use of 

antibiotics such as third-generation cephalosporins and 

vancomycin, organ transplantation, excessive use of 
metronidazole, extensive and aggressive surgeries, diabetes, 

malignancies, a weak immune system due to any reason, and 

renal failure are considered predisposing factors in the 

colonization or infection of patients with these 

microorganisms33-35. 

Therefore, great attention should be paid to preventing the 

transmission and spread of microorganisms, especially resistant 

strains, in the environment. Public health may be threatened by 

the transmission of VRE, especially if the microorganism is 

transferred via feces to surface waters, because these waters 

may be consumed without any attention36, 37. 

Conclusion: The present study showed that vancomycin 

resistance in clinical isolates of E. faecium in 

Imam Hossein Hospital was very high, and the vanA gene plays 

a key role in this resistance. These results highlight the need for 
urgent measures to improve antibiotic prescription 

management, implement accurate molecular diagnostic 

methods, and strengthen drug resistance monitoring programs 

in medical centers. It is also suggested that advanced molecular 

techniques such as whole-genome sequencing be used in future 
studies to fully identify antibiotic resistance mechanisms, 

especially in important and common infections. 

Limitations: Among the limitations of this study are the 

limited number of clinical samples and the lack of use of more 

sensitive methods for determining antibiotic resistance patterns 
instead of the disk diffusion method, which it is hoped will be 

overcome in future studies. 
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