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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, asal,
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 pg/ml to 256 pg/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%, asal. 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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KJIMHUYECKUX 00pa3iioB. DT U30JISATHI ObLIM UACHTU(MUIIMPOBAHHBIX C TTIOMOIIBIO TOJIMMEPa3HOI LIENHOM peakInu
(ITLLP). TectupoBaHUE YYBCTBUTEIbHOCTU K aHTUOMOTUKAM U OMNpeneeHue MUHUMAaIbHON MHTUOUPYIOLIeil KOH-
neHTtpauuu (MWUK) BaHKOMUIIMHA TTPOBOAUINCH B COOTBETCTBUM ¢ peKOMeHIauusIMU MHCTUTYTa KIMHUIECKUX
u naboparopHbix ctangaptoB (CLSI). Cepus peakuwmii I[TLIP ucnonb3oBajack aisi CKpUHUHTA FeHOB YCTOMYMBOCTU
K BAHKOMULIUHY (vanA, vanB v vanD) n TeHOB BUPYJIEHTHOCTHU (esp, ace, asal, gelE n cylA) cpeny BUIOB BAHKOMU-
LMHPE3UCTEHTHBIX dHTEPOKOKKOB (BPD). Pesyavmamer. BbljeseHHbIe IITAMMbl SHTEPOKOKKOB BKIItouYaiu 62,6%
E. faecalis, 33,4% E. faecium v 4% npyrux BugoB. B 11eJ10M 3HTepOKOKKM [MOKa3aJI1 BEICOKUIA YPOBEHb YCTOMUYMBOCTH:
94% — X 2pUTPOMULIKHY, 34 KOTOPBIM CiieayIoT mumnpodsiokcauut (82,6%), neBodiaokcauut (70%) 1 BAHKOMULIMH
(16%). 57,4% 13014TOB ObLIM IOJIYYEHBI OT FOCIUTAIU3MPOBAHHBIX MALIMEHTOB, 96% 130JSTOB HTEPOKOKKOB UMEII
MHOXECTBEHHYIO JIeKapCTBeHHY10 ycToiiunBocTh. MUK miist BPD 1mitaMMoB O0JBIIMHCTBA U305 TOB BapbUPOBATU
B IManazoHe oT 32 MKr/mu 1o 256 Mxr/mii. BPD denoTunsl B Buae vanA, vanB v vanD 6blnu o6HapyxeHbl ¥ 29,2%,
37,5% w 33,3% 13019 TOB COOTBETCTBEHHO. B 0THOIIEH N (haKTOPOB BUPYJIEHTHOCTH, ITOJYUEHBI CIEAYIOLINE pacipe-
neneHust: esp — 16,6%, asal — 70,8%, gelE — 25%, ace — 33,3% w cylA — 25%. 3akaouenue. BOIbIIMHCTBO U30JITOB
obL1u E. faecalis v iMea MHOXECTBEHHYI0 JISKAPCTBEHHYIO YCTOWUMBOCTh. BPD 130Tl HEC/IM Te€HBI YCTOMYMBOCTHI
K MPOTUBOMUKPOOHBIM TperapaTaM U FeHbl, CBSI3aHHbIE C BUPYJIEHTHOCTBIO, a (DeHOTUIIbI vanA, vanB, vanD Obl1n

HauboJiee pacipocTpaHeHbl cpeau BPD uzonsros.

Karouesvle caosa: ycmoﬁnueocmb K npomueomu}cpo6ﬁbm npenapamam, SHMePOKOKKU, MUHUMANbHAA MH2u5I,lpyi0lMd}l
KOHUenmpauyus, 6AHKOMUUUHDE3UCMEeHMHble SHMEPOKOKKU, d)akmopbt GUPYNEeHMHOCMU, 2eH ycmoﬁlmsocmu K npomueomuxpo6ﬂbm

npenapaman.

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 van B 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
(Asal), 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 pg), Linezolid (30 pg), Teicoplanin (30 pg), Gen-
tamicin (10 pg), Penicillin (10 pg), Amoxicillin
(10 pg), Doxycycline (30 pg), Minocycline (30 pug),
Ciprofloxacin (30 pg), Levofloxacin (30 ug), Nor-
floxacin (30 pg), Erythromycin (15 pg), Fosfomycine
(50 pg), Chloramphenicol (30 pg), Nitrofurantoin
(300 pg), Rifampicin (5 pg) and Ampicillin (10 pg).
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 FE. 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,
asal, 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
linezolid 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) o 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; *¢2 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.( :a:;:;:s E.( ::a:glou)m p value OR value Other Entericr)lc:g;:us species (n?:aSIO)
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 (1) 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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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

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 pug/ml to 256 pg/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 pug/ml
(Supplementary Table 1).

Atotal 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 Urine (n=12) Blood (n=7) Pus (n=3) Ascitic fluid (n=2) Total
Genes, |E. faecalis |E. faecium |E. faecalis |E. faecium | E. faecalis | E. faecium | E. faecalis | E. faecium (n=24)
% (n) (n=9) (n=3) (n=4) (n=3) (n=2) (n=1) (n=1) (n=1)
esp 1.1 (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)
asat 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) 0(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 1.1 (1) 66.6 (2) 0(0) 66.6 (2) 0(1) 100 (1) 0(0) 100 (1) 33.3(8)
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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
ofthe 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 ug/ml
to 256 ug/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
was42% 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, asal, 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 cy/A
gene was detected in any isolates of E. faecium and
low prevalence of asal (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 asal 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.
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