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Abstract. Background. The current study was designed to determine antibiotic resistance profile,detection of antimicrobial 

resistance and virulence-related genes among enterococcus species. Materials and methods. Altogether, one hundred fifty 

enterococcal isolates were collected from various clinical specimens and identified by Polymerase chain reaction (PCR). 

Antibiotic susceptibility testing and MICs of vancomycin were carried out as per CLSI guidelines. A series of PCR reactions 

were used to screen vancomycin-resistant genes (vanA, vanB, and vanD) and virulence-related genes (esp, ace, asa1, 

gelE & cylA) among VRE enterococcus species. Results. The isolated enterococcal strains comprised 62.6% E. faecalis, 

33.4% E. faecium, and 4% of other species. Overall enterococcus showed a high level of resistance; 94% to erythromycin, 

followed by ciprofloxacin 82.6%, levofloxacin 70%, and vancomycin 16%. The 57.4% of the isolates were recovered 

from hospitalized patients and 96% of the enterococcus isolates were multi-drug resistant. The MICs of vancomycin-

resistant strains remained in the range of 32 μg/ml to 256 μg/ml for the majority of the isolates. The vancomycin-resistant 

phenotypes vanA, vanB, and vanD were found in 29.2%, 37.5%, and 33.3% isolates respectively. Regarding virulence 

determinants the observed percentages were as follows; esp: 16.6%, asa1: 70.8%, gelE: 25%, ace: 33.3%, and cylA: 25%. 

Conclusion. The majority of the isolates were E. faecalis and multi-drug resistant. The VRE isolates carried antimicrobial 

resistance and virulence-related genes, and vanA, B, D phenotypes were the most common among VRE isolates.

Key words: antimicrobial resistance, Enterococcus, minimum inhibitory concentration, vancomycin resistant enterococci, virulence factors, 

antimicrobial resistance gene.
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Резюме. Настоящее исследование было разработано для определения у разных видов энтерококков профиля 

устойчивости к антибиотикам, выявления устойчивости к противомикробным препаратам и генов, связан-

ных с вирулентностью. Материалы и методы. Всего было собрано 150 изолятов энтерококков из различных 
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клинических образцов. Эти изоляты были идентифицированных с помощью полимеразной цепной реакции 

(ПЦР). Тестирование чувствительности к антибиотикам и определение минимальной ингибирующей кон-

центрации (МИК) ванкомицина проводились в соответствии с рекомендациями Института клинических 

и лабораторных стандартов (CLSI). Серия реакций ПЦР использовалась для скрининга генов устойчивости 

к ванкомицину (vanA, vanB и vanD) и генов вирулентности (esp, ace, asa1, gelE и cylA) среди видов ванкоми-

цинрезистентных энтерококков (ВРЭ). Результаты. Выделенные штаммы энтерококков включали 62,6% 

E. faecalis, 33,4% E. faecium и 4% других видов. В целом энтерококки показали высокий уровень устойчивости: 

94% — к эритромицину, за которым следуют ципрофлоксацин (82,6%), левофлоксацин (70%) и ванкомицин 

(16%). 57,4% изолятов были получены от госпитализированных пациентов, 96% изолятов энтерококков имели 

множественную лекарственную устойчивость. МИК для ВРЭ штаммов большинства изолятов варьировали 

в диапазоне от 32 мкг/мл до 256 мкг/мл. ВРЭ фенотипы в виде vanA, vanB и vanD были обнаружены у 29,2%, 

37,5% и 33,3% изолятов соответственно. В отношении факторов вирулентности, получены следующие распре-

деления: esp — 16,6%, asa1 — 70,8%, gelE — 25%, ace — 33,3% и cylA — 25%. Заключение. Большинство изолятов 

были E. faecalis и имели множественную лекарственную устойчивость. ВРЭ изоляты несли гены устойчивости 

к противомикробным препаратам и гены, связанные с вирулентностью, а фенотипы vanA, vanB, vanD были 

наиболее распространены среди ВРЭ изолятов.

Ключевые слова: устойчивость к противомикробным препаратам, энтерококки, минимальная ингибирующая 

концентрация, ванкомицинрезистентные энтерококки, факторы вирулентности, ген устойчивости к противомикробным 

препаратам.

Introduction

Enterococci persistently emerged as important no-

socomial pathogens globally and cause a wide range 

of infections such as bacteremia, meningitis, urinary 

tract infections, intra-abdominal and soft tissue infec-

tions, etc. [1]. The majority of the clinical enterococcal 

infections are caused by two species; Enterococcus fae-

calis and Enterococcus faecium [2]. Due to the frequent 

use of antibiotics in clinical practices, the emergence 

and spread of multi-drug-resistant enterococci such 

as vancomycin-resistant enterococci (VRE) has been 

observed [1]. Globally, this rapid emergence of VRE 

strains is considered a major public health concern. 

Besides increased morbidity and mortality of VRE 

infections, increased length of hospitalization and fi-

nancial burden have also been reported [3].

The resistance to vancomycin in enterococci 

is mainly mediated by van gene phenotypes such 

as vanA, vanB, vanC, vanD, and vanE genes, etc. 

The vanA and vanB have the highest clinical impor-

tance in enterococci among vancomycin-resistant 

phenotypes [4]. The spread of multi-drug-resistant 

enterococci strains and resistance-related genes has 

serious health implications. Furthermore, treat-

ment options for VRE infections are quite limited 

including linezolid, teicoplanin, and fosfomycin [3]. 

Moreover, various virulence determinants associ-

ated with pathogenesis such as aggregation substance 

(Asa1), enterococcal surface protein (Esp), cytolysin 

(CylA), collagen binding protein (ace), and gelati-

nase (gelE) are important for the progress of infection 

among these strains [5].

In Pakistan, the VRE is posing a challenge 

for clinicians as well as for hospital infection con-

trol practitioners. Despite its increased prevalence, 

data are scarce regarding its detailed characteriza-

tion from Pakistan. The aim of the current study was 

to evaluate the frequency of enterococcal infections, 

antibiotic resistance profile, detection of antimicro-

bial resistance and virulence-related genes in clini-

cal strains of enterococcus isolated from tertiary care 

hospital in the northwest of Pakistan.

Materials and methods

Bacterial isolates. A total of one hundred and 

fifty (n = 150) non-repetitive enterococcal iso-

lates were collected from various clinical speci-

mens of patients admitted at a tertiary care teaching 

Hospital in Peshawar, Pakistan from January 2020 

to February 2021. The isolates were re-identified 

at the Department of Medical Lab Technology, 

The University of Haripur by routine microbiological 

techniques [6]. The Polymerase chain reaction (PCR) 

was performed using specific primers ddl E. faecium 

and ddl E. faecalis to confirm the identity of E. faeci-

um and E. faecalis as described elsewhere [7]. Ethical 

approval was obtained from the departmental ethical 

committee at the University of Haripur.

Antimicrobial susceptibility testing. Antimicrobial 

susceptibility was carried out using the Kirby Bauer 

disc diffusion method according to the guide-

lines of the Clinical Laboratory Standard Institute 

(CLSI, 2020) [8]. The antibiotic discs were obtained 

from (Oxide, England). The antibiotic discs and 

concentrations used were as follows; Vancomycin 

(30 μg), Linezolid (30 μg), Teicoplanin (30 μg), Gen-

tamicin (10 μg), Penicillin (10 μg), Amoxicillin 

(10 μg), Doxycycline (30 μg), Minocycline (30 μg), 

Ciprofloxacin (30 μg), Levofloxacin (30 μg), Nor-

floxacin (30 μg), Erythromycin (15 μg), Fosfomycine 

(50 μg), Chloramphenicol (30 μg), Nitrofurantoin 

(300 μg), Rifampicin (5 μg) and Ampicillin (10 μg). 

The interpretation of the zone of inhibition was per-

formed as per CLSI guidelines [8].
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Determination of Vancomycin Minimum inhibitory 

concentrations (MICs). The enterococcal isolates re-

sistant to vancomycin by disc diffusion method were 

further tested for minimum inhibitory concentra-

tions. The MICs of vancomycin were determined 

by E.test using commercially available strips (MTS, 

Liofilchem, Italy). The interpretation of vancomycin 

MICs was carried out according to CLSI guidelines. 

The reference strains E. faecium, (ATCC 19434) 

and E. faecalis, (ATCC 19433) were used as control 

strains [8].

Detection of antimicrobial resistance and virulence 

related genes. Enterococcal genomic DNA was ex-

tracted from overnight culture by boiling method [9]. 

The vancomycin resistance associated genes vanA, 

vanB, and vanD and virulence related genes (esp, ace, 

asa1, gelE, and cylA) among E. faecium and E. faeca-

lis were detected by using a series of PCR reactions as 

described earlier [10, 11].

Statistical analysis. The descriptive variables were 

expressed in percentages and frequencies. A Pearson 

test was used for correlation among the variables. 

The statistical analysis was done by SPSS (version 22) 

and a p-value of < 0.05 was considered statistically sig-

nificant. Individual antibiotics sensitivity vs resistance 

percentages were cross tabulated among E. faecalis and 

E. faecium and the Odds ratio (OR) were determined.

Results

Characteristics of the study participant. During 

the study period, 62.6% (n = 94) E. faecalis, 33.4% 

(n = 50) E. faecium, and 4% (n = 6) of other spe-

cies were isolated. The distribution of the isolated 

strains from different specimens is shown in Table 1. 

The patient population of the isolated strains was 

42.6% (n = 64) community-acquired whereas 57.4% 

(n = 86) were hospitalized. The majority, 56% (n = 

84/150) of the isolates were recovered from patients 

who were > 50 years old and 58% (n = 49/84) of them 

were inpatients. Interestingly 6% (n = 9/150) of the 

total isolates were recovered from children (< 1 year) 

and 66.6% (n = 6/9) of them were inpatients.

Antimicrobial susceptibility. Antibiotic suscepti-

bility was carried out and the predominant isolated 

strain E. faecalis showed the highest level of resist-

ance, 95.7% (n = 90/94) to erythromycin, followed 

by ciprofloxacin 84% (n = 79/94), amoxicillin 66% 

(n = 62/94) and vancomycin 17% (n = 16/94). Low 

percentages of resistance were observed against 

line zolid as shown in Table 2. Among E. faecium 

isolates the resistance against erythromycin was 

90% (n = 45/50), followed by ciprofloxacin and gen-

tamicin 80% (n = 40/50 each), levofloxacin 76% 

(38/50), vancomycin and linezolid 16% (n = 8/50) 

Table 1. Distribution of isolated VRE and VSE strains among different specimens

Type of specimens, % (n) VSE (n = 126), % (n) VRE (n = 24), % (n) *χ2 p value

Urine 52.7 (79) 53.2 (67) 50 (12) 0.059 0.000
Blood 28.7 (43) 28.6 (36) 29.2 (7) 0.013 0.00
Pus & Pus swab 10 (15) 9.5 (12) 12.5 (3) 0.178 0.010
Ascitic fluid 8 (12) 7.9 (10) 8.3 (2) 0.003 0.072
Tracheal secretions 0.6 (1) 0.8 (1) Nil 0.19 0.207

Note. VSE: Vancomycin sensitive Enterococci, VRE: Vancomycin resistant Enterococci, %: percentage, n = number; *χ2: The chi square was used 
to check the distribution of VRE and VSE among clinical specimens.

Table 2. Antimicrobial resistance among Enterococcus isolates, % (n)

Antibiotics
E. faecalis 

(n = 94)
E. faecium 

(n = 50)
p value OR value

Other Enterococcus species 
(n = 6)

Total 
(n = 150)

Penicillin 59.5 (56) 68 (34) 0.041 0.889 66.6 (4) 62.6 (94)
Ampicillin 57.4 (54) 56 (28) 0.048 1.333 66.6 (4) 57.3 (86)
Amoxicillin 66 (62) 58 (29) 0.014 1.472 33.3 (2) 62 (93)
Ciprofloxacin 84 (79) 80 (40) 0.042 1.28 83.3 (5) 82.6 (124)
Levofloxacin 68 (64) 76 (38) 0.037 0.726 50 (3) 70 (105)
Norfloxacin 55.3 (52) 58 (29) 0.047 0.965 66.6 (4) 43.8 (85)
Gentamicin 70 (66) 80 (40) 0.028 0.597 83.3 (5) 74 (111)
Minocycline 32 (30) 22 (11) 0.027 1.712 16.6 (1) 28 (42)
Doxycycline 29.7 (28) 24 (12) 0.04 1.193 16.6 (1) 27.3 (41)
Erythromycin 95.7 (90) 90 (45) 0.022 2.61 100 (6) 94 (141)
Teicoplanin 27.6 (26) 22 (11) 0.001 1.414 16.6 (1) 25.3 (38)
Rifampicin 61.7 (58) 66 (33) 0.038 0.968 33.3 (2) 62 (93)
Nitrofurantoin 42.5 (40) 34 (17) 0.039 1.572 33.3 (2) 39.3 (59)
Chloramphenicol 45.7 (43) 38 (19) 0.018 1.322 16.6 (1) 42 (63)
Fosfomycine 29 (27) 30 (15) 0.049 0.937 50 (3) 30 (45)
Vancomycin 17 (16) 16 (8) 0.024 1.023 0 (0) 16 (24)
Linezolid 3.1 (3) 4 (2) 0.05 0.757 0 (0) 2.5 (5)
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and 4% (n = 2/50) respectively. Other species of en-

terococcus (other than E. faecium & E. faecalis) 

were resistant to erythromycin 100% (n = 6/6), fol-

lowed by ciprofloxacin and gentamicin 83.3% (n = 

5/6) each. No resistance was observed among other 

species against vancomycin and linezolid as shown 

in Table 2.

Vancomycin Minimum Inhibitory Concentrations. 

Sixteen percent (n = 24) of the isolates (E. faecium 

and E. faecalis) were vancomycin-resistant. Whereas 

no vancomycin resistance was observed against other 

enterococcus species. The MIC values for vanco-

mycin against E. faecium and E. faecalis remained 

higher and fell in the range of 32 μg/ml to 256 μg/ml 

as shown in Supplementary Table 1. Overall, the dif-

ference in vancomycin MIC values among E. faecium 

and E. faecalis was statistically not significant (p = 

0.624). The mean distribution of MICs of E. faecium 

and E. faecalis is shown in Figure 1.

Vancomycin-resistant phenotypes and virulence de-

terminants. The percentages of vancomycin-resistant 

phenotypes among E. faecium vs E. faecalis were as 

follows: vanA; 50% (n = 4) vs 19% (n = 3), vanB; 

12.5% (n = 1) vs 62.5% (n = 10) and van D; 75% (n = 

6) vs not detected. Overall MICs for vanA, vanB, 

and vanD positive isolates remained above 16 μg/ml 

(Supplementary Table 1).

A total of five different virulence factors were scru-

tinized among twenty-four VRE isolates. The preva-

lence of the virulence factors among E. faecium and 

E. faecalis is shown in Table 3. Overall no significant 

differences have been observed between E. faecium 

and E. faecalis virulence genes prevalence.

Multi-drug resistant Enterococci. The highest 

percentage, 96% (n = 144/150) of the enterococcus 

isolates had multi-drug resistant patterns. Overall, 

94.4% (n = 136/144) of the isolates were resistant 

to > 5 tested antibiotics and 26.3% (n = 38/144) were 

resistant to > 10 tested antibiotics and mainly were 

penicillin, cephalosporin, monobactam, quinolone 

and aminoglycosides as shown in Supplementary 

Table 1.

Table 3. Correlation of virulence gene and resistant phenotype among VRE isolated from urine, blood, pus 

and pus swab and ascitic fluid

Virulence 
Genes, 

% (n)

Urine (n = 12) Blood (n = 7) Pus (n = 3) Ascitic fluid (n = 2)
Total 

(n = 24)E. faecalis 
(n = 9)

E. faecium 
(n = 3)

E. faecalis 
(n = 4)

E. faecium 
(n = 3)

E. faecalis 
(n = 2)

E. faecium 
(n = 1)

E. faecalis 
(n = 1)

E. faecium 
(n = 1)

esp 11.1 (1) 33.3 (1) 0 (0) 66.6 (2) 0 (0) 0 (0) 0 (0) 0 (0) 16.6 (4)
ace 33.3 (3) 33.3 (1) 75 (3) 0 (0) 0 (0) 0 (0) 100 (1) 0 (0) 33.3 (8)
asa1 88.8 (8) 33.3 (1) 100 (4) 33.3 (1) 100 (2) 0 (0) 100 (1) 0 (0) 70.8 (17)
gelE 33.3 (3) 0 (0) 0 (0) 66.6 (2) 50 (1) 0 (0) 0 (0) 0 (0) 25 (6)
cylA 11.1 (1) 33.3 (1) 25 (1) 33.3 (1) 100 (2) 0 (0) 0 (0) 0 (0) 25 (6)
Resistant Phenotype, % (n)

vanA 33.3 (3) 33.3 (1) 0 (0) 66.6 (2) 50 (1) 0 (0) 0 (0) 0 (0) 29.2 (7)
vanB 44.4 (4) 33.3 (1) 75 (3) 0 (0) 0 (0) 0 (0) 100 (1) 0 (0) 37.5 (9)
vanD 11.1 (1) 66.6 (2) 0 (0) 66.6 (2) 50 (1) 100 (1) 0 (0) 100 (1) 33.3 (8)

Figure 1. Mean distribution of MICs of E. faecalis (E.fs) and E. faecium (E.fm) among various clinical 

specimens of patients attending a tertiary care hospital in Peshawar, Pakistan from January 2020 

to February 2021
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Discussion

The current study was carried out to investi-

gate the growing importance of multi-drug-resistant 

enterococcal infections in a tertiary care hospital 

in Psehawar, Khyber Pakyhtunkhwa (KP), Pakistan.

The available collected clinical information con-

firmed the established risk factors for the acquisition 

of various enterococcal infections such as hospitali-

zation, advanced age, and neonates which are paral-

lel to the other reports [12, 13]. In our study majority 

of the enterococcal infections were observed in the ages 

above 50 years which is similar to the other reported 

studies [12, 13]. In the current study, the predominant 

species is E. faecalis. The same pattern has been ob-

served among clinical isolates from other studies [11, 

14]. It has been reported that majority of the entero-

coccal infections are caused by E. faecalis as compared 

to other enterococcal species. Furthermore, it has 

been reported that E. faecalis carries more virulence 

factors in comparison to other Enterococcal species; 

resulting in its higher pathogenicity [10].

Over the time, the bacteria acquired resistance 

to anti-enterococcal antibiotics such as glycopeptides, 

ampicillin, and aminoglycosides. This might contrib-

ute to the increased prevalence of E. faecalis infections. 

However, recently certain studies have reported a rela-

tive shift in favor of E. faecium [2, 12, 15]. In our study 

high level of resistance to E. faecalis has been observed 

against erythromycin, ciprofloxacin, gentamicin, and 

ampicillin which is in accordance with the previous 

studies [16, 17]. The high level of resistance to entero-

coccal strains against gentamicin is a major concern 

as this might limit the option of combination therapy 

(Cell wall inhibitor antibiotics like ampicillin or vanco-

mycin plus aminoglycosides such as gentamicin) which 

could be considered essential for the treatment of severe 

infections. Linezolid which was available for the first 

time in the year 2000 has been considered an alternate 

drug of choice for treating VRE infection. This is ac-

tive against both E. faecalis and E. faecium [16]. In our 

study, the resistance of linezolid against E. faecium and 

E. faecalis was 4% and 3.1% respectively.

Surprisingly, in the current study, 96% of the en-

terococcus isolates were multi-drug resistant which 

is parallel with the previous report from Iran [18]. 

In our country, the treatment for the infections as-

sociated with MDR enterococci is complicated due 

to extensive misuse of antibiotics. Furthermore, 

the acquisition of antimicrobial resistance and its dis-

semination through plasmid and conjugative trans-

posons play an important role in the progression 

of MDR enterococci [18].

The prevalence of VRE in the current study was 

16% which is slightly raised from the results reported 

from Germany, Iran, and Italy; 11.2%, 9.4%, and 9% 

respectively [19]. However, the prevalence of VRE var-

ies in different regions and a high frequency of VRE 

has been reported in the UK: (14.5%), Saudi Arabia: 

(17.3%), and Turkey: (80.2%) (14, 20, 21). The MICs 

of vancomycin in the majority cases for both E. fae-

cium and E. faecalis fell in the range of 32 μg/ml 

to 256 μg/ml. The emergence of VRE in enterococci 

is considered one of the influential factor of ente-

rococcal nosocomial infections [10]. The increased 

prevalence of VRE in Pakistan is a serious concern, 

especially for the treatment of multi-drug resistant 

Gram-positive infections.

In the current study, we observed various percent-

ages of vanA, vanB, and vanD phenotypes among VRE 

isolates. A study conducted in Iran reported that all 

VRE isolates were vanA phenotype [22]. One possible 

explanation for this variation might be the presence 

of other resistance genes such as vanB and vanD in the 

current study and the presence of other resistance 

mechanisms including thick cell wall production etc. 

However, some studies have reported variations in van 

phenotypes which are following our findings [2, 19, 23].

The observed prevalence of the ace gene among 

E. faecalis and E. faecium were 44% and 12.5% respec-

tively. In other studies, the reported prevalence of ace 

was 42% and 39% respectively [11, 24]. Previously, it was 

hypothesized that ace gene products facilitate bacterial 

binding to the root dentin canal. Furthermore, they 

found out a significant correlation between the intact 

gene presence and subsequent attachment to dentin by 

E. faecalis [25]. Thus the presence of the ace gene in en-

terococcus species might be considered as an impor-

tant virulence factor [11, 25]. Moreover, the frequency 

of gelE gene (25%) almost remained the same in both 

species. Gelatinase is a zinc metalloprotease with hyd-

rolytic ability [16]. The observed frequency is slightly 

higher from the previous report which was 16% [26]. 

The percentages of cylA, asa1, and esp genes among 

E. faecalis and E. faecium were 12.5% vs 25%, 94% vs 

25%, and 6% vs 37.5% respectively. Previously no cylA 

gene was detected in any isolates of E. faecium and 

low prevalence of asa1 (2%) and esp (17.5%) were re-

ported [2, 27]. Other studies reported a high frequency 

of esp gene among clinical isolates of vancomycin re-

sistant E. faecium in comparison to fecal isolates. This 

increased prevalence of the esp gene in clinical isolates 

might indicate its role in enterococcal pathogenesis [2, 

28]. The asa1 gene-encoded aggregation substances fa-

cilitate binding to the host epithelium and during con-

jugation mediate bacterial aggregation and participate 

in plasmid exchange [16].

Conclusively, our study reported that E. faecalis 

was most prevalent among other enterococcus spe-

cies. The majority of the isolates were multi-drug re-

sistant and the highest percentages of resistance were 

observed against erythromycin, ampicillin, amino-

glycosides, and vancomycin. The VRE isolates car-

ried antimicrobial resistance and virulence-related 

genes and the most common glycopeptides-resistant 

phenotypes were vanA, B, D among VRE enterococ-

cus isolates. Furthermore, due to this increased preva-

lence of MDR enterococci in clinical isolates, appro-
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priate control measures and surveillance are essential 

to control the transmission and emergence of these 

isolates in hospitals.

Additional information

Author contributions. This study was designed and 

supervised by Ihsan Ali and Abdul Jabbar. Jamshid 

Ullah, Atif Aziz, Inam Ullah, Muhammad Umair, 

Aman Ullah and Hanif Ullah carried out bench work 

and assembled the data. Matiullah, Mutiullah, Abdul 

Jabbar and Ihsan Ali performed analysis, interpreta-

tion and drafted the manuscript. The final manu-

script were read and approved by all authors.

Supplementary materials are available at: http://

dx.doi.org/10.15789/2220-7619-ARP-17642

References

1. Ahmed M.O., Baptiste K.E. Vancomycin-Resistant Enterococci: A Review of Antimicrobial Resistance Mechanisms and 

Perspectives of Human and Animal Health. Microb. Drug. Resist., 2018, vol. 24, no. 5, pp. 590–606. doi: 10.1089/mdr.2017.0147

2. Alotaibi F.E., Bukhari E.E. Emergence of Vancomycin-resistant Enterococci at a Teaching Hospital, Saudi Arabia. Chin. Med. J. 

(Engl.), 2017, vol. 130, no. 3, pp. 340–346. doi: 10.4103/0366-6999.198923

3. Arshadi M., Mahmoudi M., Motahar M.S., Soltani S., Pourmand M.R. Virulence determinants and antimicrobial resistance pat-

terns of vancomycin-resistant Enterococcus faecium isolated from different sources in Southwest Iran. Iranian Journal of Public 

Health, 2018, vol. 47, no. 2: 264.

4. Biswas P.P., Dey S., Sen A., Adhikari L. Molecular Characterization of Virulence Genes in Vancomycin-Resistant and 

Vancomycin-Sensitive Enterococci. J. Glob. Infect. Dis., 2016, vol. 8, no. 1, pp. 16–24. doi: 10.4103/0974-777X.176141

5. Brown D.F., Hope R., Livermore D.M., Brick G., Broughton K., George R.C., Reynolds R.; BSAC Working Parties on Resistance 

Surveillance. Non-susceptibility trends among enterococci and non-pneumococcal streptococci from bacteraemias in the UK 

and Ireland, 2001-06. J. Antimicrob. Chemother., 2008, vol. 62, suppl. 2: ii75–85. doi: 10.1093/jac/dkn354

6. CLSI. Performance Standards for Antimicrobial Susceptibility Testing. 30th ed. CLSI supplement M100. USA: Clinical and 

Laboratory Standards Institute, 2020. 332 p.

7. Emaneini M., Hosseinkhani F., Jabalameli F., Nasiri M.J., Dadashi M., Pouriran R., Beigverdi R. Prevalence of vancomycin-

resistant Enterococcus in Iran: a systematic review and meta-analysis. Eur. J. Clin. Microbiol. Infect. Dis., 2016, vol. 35, no. 9, 

pp. 1387–1392. doi: 10.1007/s10096-016-2702-0

8. Emaneini M., Aligholi M., Aminshahi M. Characterization of glycopeptides, aminoglycosides and macrolide resistance among 

Enterococcus faecalis and Enterococcus faecium isolates from hospitals in Tehran. Pol. J. Microbiol., 2008, vol. 57, no. 2, 

pp. 173–178.

9. Facklam R.R., Collins M.D. Identification of Enterococcus species isolated from human infections by a conventional test scheme. 

J. Clin. Microbiol., 1989, vol. 27, no. 4, pp. 731–734. doi: 10.1128/jcm.27.4.731-734.1989

10. Fath E.B., Bonakdar H.F., Eyni M., Ali G.M., Nakhjavani F.A., Kazemi B. Detection of vancomycin resistant enterococci (VRE) 

isolated from urinary tract infections (UTI) in Tehran, Iran. 2006. DARU, 2006, vol. 14, no. 3, pp. 141–145.

11. Ghaziasgar F.S., Poursina F., Hassanzadeh A. Virulence factors, biofilm formation and antibiotic resistance pattern 

in Enterococcus faecalis and Enterococcus faecium isolated from clinical and commensal human samples in Isfahan, Iran. Ann. 

Ig., 2019, vol. 31, no. 2, pp. 154–164. doi: 10.7416/ai.2019.2268

12. Haghi F., Lohrasbi V., Zeighami H. High incidence of virulence determinants, aminoglycoside and vancomycin resistance in en-

terococci isolated from hospitalized patients in Northwest Iran. BMC Infect. Dis., 2019, vol. 19, no. 1: 744. doi: 10.1186/s12879-

019-4395-3

13. Heidari H., Emaneini M., Dabiri H., Jabalameli F. Virulence factors, antimicrobial resistance pattern and molecular analysis 

of Enterococcal strains isolated from burn patients. Microb. Pathog., 2016, vol. 90, pp. 93–97. doi: 10.1016/j.micpath.2015.11.017

14. Hubble T.S., Hatton J.F., Nallapareddy S.R., Murray B.E., Gillespie M.J. Influence of Enterococcus faecalis proteases and the col-

lagen-binding protein, Ace, on adhesion to dentin. Oral Microbiol. Immunol., 2003, vol. 18, no. 2, pp. 121–126. doi: 10.1034/j.1399-

302x.2003.00059.x

15. Jahansepas A., Ahangarzadeh Rezaee M., Hasani A., Sharifi Y., Rahnamaye Farzami M., Dolatyar A., Aghazadeh M. Molecular 

Epidemiology of Vancomycin-Resistant Enterococcus faecalis and Enterococcus faecium Isolated from Clinical Specimens 

in the Northwest of Iran. Microb. Drug Resist., 2018, vol. 24, no. 8, pp. 1165–1173. doi: 10.1089/mdr.2017.0380

16. Kafil H.S., Asgharzadeh M. Vancomycin-resistant enteroccus faecium and enterococcus faecalis isolated from education hospital 

of Iran. Maedica (Bucur), 2014, vol. 9, no. 4, pp. 323–327.

17. Kariyama R., Mitsuhata R., Chow J.W., Clewell D.B., Kumon H. Simple and reliable multiplex PCR assay for surveillance iso-

lates of vancomycin-resistant enterococci. J. Clin. Microbiol., 2000, vol. 38, no. 8, pp. 3092–3095. doi: 10.1128/JCM.38.8.3092-

3095.2000

18. López-Salas P., Llaca-Díaz J., Morfin-Otero R., Tinoco J.C., Rodriguez-Noriega E., Salcido-Gutierres L., González G.M., 

Mendoza-Olazarán S., Garza-González E. Virulence and antibiotic resistance of Enterococcus faecalis clinical isolates recovered 

from three states of Mexico. Detection of linezolid resistance. Arch. Med. Res., 2013, vol. 44, no. 6, pp. 422–428. doi: 10.1016/j.

arcmed.2013.07.003

19. Pinholt M., Ostergaard C., Arpi M., Bruun N.E., Schønheyder H.C., Gradel K.O., Søgaard M., Knudsen J.D.; Danish 

Collaborative Bacteraemia Network (DACOBAN). Incidence, clinical characteristics and 30-day mortality of enterococcal bac-

teraemia in Denmark 2006–2009: a population-based cohort study. Clin. Microbiol. Infect., 2014, vol. 20, no. 2, pp. 145–151. 

doi: 10.1111/1469-0691.12236

20. Reyes K., Bardossy A.C., Zervos M. Vancomycin-Resistant Enterococci: Epidemiology, Infection Prevention, and Control. 

Infect. Dis. Clin. North Am., 2016, vol. 30, no. 4, pp. 953–965. doi: 10.1016/j.idc.2016.07.009



1001

2024, Т. 14, № 5 Vancomycin resistant Enterococcus strains

21. Sattari-Maraji A., Jabalameli F., Node Farahani N., Beigverdi R., Emaneini M. Antimicrobial resistance pattern, virulence de-

terminants and molecular analysis of Enterococcus faecium isolated from children infections in Iran. BMC Microbiol., 2019, 

vol. 19, no. 1: 156. doi: 10.1186/s12866-019-1539-y

22. Shokoohizadeh L., Ekrami A., Labibzadeh M., Ali L., Alavi S.M. Antimicrobial resistance patterns and virulence factors of ente-

rococci isolates in hospitalized burn patients. BMC Res. Notes, 2018, vol. 11, no. 1: 1. doi: 10.1186/s13104-017-3088-5

23. Shokouhi S., Darazam I.A., Javadi A., Rouhani M., Ghasemnejad M. Genotypic Characterization of Vancomycin-Resistant 

Enterococcus spp. In Tertiary Center, Iran. Infect. Disord. Drug. Targets, 2017, vol. 17, no. 2, pp. 90–94. doi: 10.2174/1871526517

666170210164649

24. Wardal E., Kuch A., Gawryszewska I., Żabicka D., Hryniewicz W., Sadowy E. Diversity of plasmids and Tn1546-type transposons 

among VanA Enterococcus faecium in Poland. Eur. J. Clin. Microbiol. Infect. Dis., 2017, vol. 36, no. 2, pp. 313–328. doi: 10.1007/

s10096-016-2804-8

25. Yang J.X., Li T., Ning Y.Z., Shao D.H., Liu J., Wang S.Q., Liang G.W. Molecular characterization of resistance, virulence and 

clonality in vancomycin-resistant Enterococcus faecium and Enterococcus faecalis: a hospital-based study in Beijing, China. 

Infect Genet. Evol., 2015, vol. 33, pp. 253–260. doi: 10.1016/j.meegid.2015.05.012

26. Yu J., Shi J., Zhao R., Han Q., Qian X., Gu G., Zhang X., Xu J. Molecular Characterization and Resistant Spectrum of Enterococci 

Isolated from a Haematology Unit in China. J. Clin. Diagn. Res., 2015, vol. 9, no. 6: DC04-7. doi: 10.7860/JCDR/2015/12864.6097

27. Zhang Y., Du M., Chang Y., Chen L.A., Zhang Q. Incidence, clinical characteristics, and outcomes of nosocomial Enterococcus 

spp. bloodstream infections in a tertiary-care hospital in Beijing, China: a four-year retrospective study. Antimicrob. Resist. Infect. 

Control, 2017, vol. 6: 73. doi: 10.1186/s13756-017-0231-y

28. Zhou W., Zhou H., Sun Y., Gao S., Zhang Y., Cao X., Zhang Z., Shen H., Zhang C. Characterization of clinical enterococci iso-

lates, focusing on the vancomycin-resistant enterococci in a tertiary hospital in China: based on the data from 2013 to 2018. BMC 

Infect. Dis., 2020, vol. 20, no. 1, pp. 1–9.

Авторы:

Улла Д., магистр философии, преподаватель, кафедра 
медицинских лабораторных технологий, факультет 
фундаментальных и прикладных наук, Университет Харипура, 
КПК, Пакистан;
Азиз А., магистр философии, преподаватель, кафедра 
медицинских лабораторных технологий, факультет 
фундаментальных и прикладных наук, Университет Харипура, 
КПК, Пакистан;
Улла А., магистр философии, преподаватель, кафедра 
медицинских лабораторных технологий, факультет 
фундаментальных и прикладных наук, Университет Харипура, 
КПК, Пакистан
Улла И., магистр философии, преподаватель, кафедра 
медицинских лабораторных технологий, факультет 
фундаментальных и прикладных наук, Университет Харипура, 
КПК, Пакистан;
Джаббар А., ассистент, кафедра медицинских лабораторных 
технологий, факультет фундаментальных и прикладных наук, 
Университет Харипура, КПК, Пакистан;
Умейр М., магистр философии, преподаватель, Институт 
парамедицинских наук (IPMS), Хайберский медицинский 
университет, Пешавар, КПК, Пакистан;
Улла Мути, ассистент, Институт патологии и диагностической 
медицины (IPDM), Хайберский медицинский университет, 
Пешавар, КПК, Пакистан;
Улла Х., магистр философии, преподаватель, Группа Сайду 
клинической больницы, Сайду-Шариф, Сват, КПК, Пакистан;
Улла Мати, магистр философии, преподаватель, Институт 
парамедицинских наук (IPMS), Хайберский медицинский 
университет, Пешавар, КПК, Пакистан.
Али И., доцент кафедры медицинских лабораторных 
технологий, Институт парамедицинских наук (IPMS), 
Хайберский медицинский университет, Пешавар, КПК, 
Пакистан.

Authors:

Ullah J., MPhil Scholar, Department of Medical Laboratory 
Technology, Faculty of Basic & Applied Sciences, The University 
of Haripur, KPK, Pakistan;
Aziz A., MPhil Lecturer, Department of Medical Laboratory 
Technology, Faculty of Basic & Applied Sciences, The University 
of Haripur, KPK, Pakistan;
Ullah A., MPhil Scholar, Department of Medical Laboratory 
Technology, Faculty of Basic & Applied Sciences, The University 
of Haripur, KPK, Pakistan;
Ullah I., MPhil Scholar, Department of Medical Laboratory 
Technology, Faculty of Basic & Applied Sciences, The University 
of Haripur, KPK, Pakistan;
Jabbar A., Assistant Professor, Department of Medical Laboratory 
Technology, Faculty of Basic & Applied Sciences, The University 
of Haripur, KPK, Pakistan;
Umair M., MPhil Scholar, Institute of Paramedical Sciences (IPMS), 
Khyber Medical University, Peshawar, KPK, Pakistan;
Ullah Muti, Assistant Professor, Institute of Pathology and 
Diagnostic Medicine (IPDM), Khyber Medical University, Peshawar, 
KPK, Pakistan;
Ullah H., MBBS, Trainee Medical Officer, Saidu Group of Teaching 
Hospitals Saidu Sharif, Swat, Pakistan;
Ullah Mati, MPhil Lecturer, Institute of Paramedical Sciences 
(IPMS), Khyber Medical University, Peshawar, KPK, Pakistan.
Ali I., Assistant Professor in the Department of Medical Laboratory 
Technology, Institute of Paramedical Sciences (IPMS), Khyber 
Medical University, Peshawar, KP, Pakistan.

Поступила в редакцию 04.05.2024
Отправлена на доработку 15.06.2024
Принята к печати 28.07.2024

Received 04.05.2024
Revision received 15.06.2024
Accepted 28.07.2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


