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Background: Enterococci have over time become responsible for various infections such as endocarditis, bacteremia, and urinary tract
infections. Objectives: This cross-sectional study aimed to determine the species, antibiogram, and vanA/vanB gene frequencies in
Enterococcus faecalis and Enterococcus faecium isolated from patients at Hospitals in Kurdistan Region, Iraq. Materials and Methods:
Samples of urine, HVS, blood, wound swab, semen, and bronchial wash were collected from the patients. Species-level confirmation
and susceptibility testing were determined manually and by VITEK-2 Automated System, while vanA/vanB gene carriage was done
by polymerase chain reaction. Results: A total of 116 Enterococcus isolates were identified from the patient’s clinical specimens.
Among these, 77 (66.4%) were E. faecalis, 26 (22.4%) were E. faecium, and 13 (11.2%) were other Enterococcus spp. Regardless of
species identified, 100% were resistant to tetracycline and the resistant percentages for erythromycin were 86.2%, ampicillin 84.5%,
gentamycin 81.9%, trimethoprim-sulfamethoxazole 68.9%, ciprofloxacin 68.1%, levofloxacin 53.4%, penicillin 41.3%, meropenem
31.9%, nitrofurantoin 30.1%, vancomycin 27.6%, teicoplanin 14.6% and a low resistant rate for fosfomycin 4.3%, for tigecycline
4.3% and for linezolid 3.4%. The percentage of multidrug resistance (MDR) in both E. faecalis and E. faecium was 100%. Out of 77
E. faecalis isolates, 10 (12.98%) contained vanA gene, but vanB gene was not detected. Conclusion: Multidrug-resistant enterococci is a
potential alert in the community and healthcare facilities in the Kurdistan region and more research we need for antibiotics resistant
on larger sample size.
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INTRODUCTION 4.5 to 10, and their ability to hydrolyze esculin in the
. . . existence of 40% bile.l!

Enterococci are non-spore forming; facultatively

anaerobic, negative to oxidase and catalase that  Enterococci is identified as super-infection in patients

occur as a single cell, in pairs, or short chains, they
belong to the Gram-positive Enterococcaceae family.!"
Enterococcal infections may be attributed to at least 12
species, including Enterococcus avium, E. casseliflavus,
E. durans, E. faecalis, E. faecium, E. gallinarum, E. hirae,
E. malodoratus, E. mundtii, E. pseudoavium, E. raffinosus,
E. solitaries, E. faecalis, and E. faecium are the two most
common human pathogens, responsible for 85%-89% and
10%-15% of all enterococcal infections, respectively.?
Furthermore, enterococci can persist in a variety of
adverse conditions, including the presence of 6.5% NaCl,
temperatures ranging from 5°C to 65°C, pH ranges from
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who take antibiotic drugs. Urinary tract infections (UTIs)
are among the most prevalent Enterococcus-related
nosocomial infections, then surgical site infections and
bacteremia. Other Enterococcus infections, like meningitis,
are found in critically unwell newborns, and in rare cases
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as osteomyelitis and pulmonary infections.® According to
the Centers for Disease Control & Prevention (CDCP),
enterococci are the second most prevalent causal agent of
healthcare-associated UTIs (13.9%), following Escherichia
coli.™ Furthermore, up to 15% of nosocomial UTIs in
intensive care unit settings are caused by enterococci.P!
Additionally, the species are caused UTI in pediatric
patients.[

Resistance to vancomycin, one of the most powerful
antibiotics, is of utmost concern as both intrinsic and
acquired forms of resistance do occur in enterococci.
Vancomycin-resistant enterococci (VRE) are now
recognized as a critical clinical problem.” Van A, B, C,
D, E, G, L, M, and N operons in enterococci have been
reported to date. VanA and vanB genes are responsible for
the majority of VRE outbreaks in humans.®

This study aimed to determine the species, antibiotic
susceptibility profiles, and vanA/vanB gene of E. faecalis
and E. faecium from human clinical specimens in the
Kurdistan Region of Iraq.

MarteriaLs AND MEeTHODS

Isolation and identification of Enterococcus spp.

In this cross-sectional study from October 2021 to June
2022, a total of 116 Enterococcus isolates were collected
from specimens of patients (inpatients and outpatients) in
three provinces of Kurdistan Region, Iraq: Duhok, Erbil,
and Sulaimanya. The specimens included were urine,
blood, HVS, pus, tissues, semen, and bronchial wash.

Identification of the enterococci was performed based
on the standard microbiological tests including growth
on blood agar, Gram staining, catalase reaction, and
bile esculin test, and confirmed by VITEK-2 automated
instrument (BioMerieux, USA).

Antimicrobial susceptibility testing

The antimicrobial sensitivity testing of enterococci isolates
was evaluated against the following antibiotics (bioanalysis,
Turkey): Erythromycin (E, 15 pg), Tetracycline (TE,
30 pg), Ampicillin (AMP, 10 pg), Nitrofurantoin (NIT,
100 pg), Ciprofloxacin (CIP, 5 pg), Penicillin (P, 10 pg),
Vancomycin (VA, 30 png), Teicoplanin (30 pg), Levofloxacin
(5 png) Trimethoprim-sulfamethoxazole (25 pg, 1.25/23.75),
Gentamicin (10 pg), Meropenem (10 pg), Fosfomycin
(200 pg), Linezolid (10 pg), and Tigecycline (15 pg)
according to the Clinical and Laboratory Standards
Institute (CLSI).”! For antibiotics that were not on the
CLSI list, the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) recommendations
were used.l'” Kirby-Bauer disk diffusion method was
performed and confirmed by VITEK-2 automated
identification and susceptibility testing system according
to the manufacturer’s recommendations (bioMerieux,
USA). Multidrug resistant (MDR) resistotypes were set

based on isolates’ resistance to at least three antibiotic
classes of the tested antibiotics.!'! The studied antibiotics
fall into 11 distinct classes as follows: C1, penicillins; C2,
glycopeptides; C3, fluoroquinolones; C4, macrolides;
C5, folate pathway antagonists; C6, tetracyclines; C7,
aminoglycosides; C8, oxazolidinones; C9, nitrofurans;
C10, fosfomycins; C11, carbapenems.

Detection of vancomycin resistance genes vanA and
vanB

DNA was extracted from Enterococcus isolates using
a standard boiling procedure,'? and DNA purity and
concentration were determined using a Nanodrop
Spectrophotometer (Thermo Scientific (USA). VanA and
vanB genes were amplified in a thermocycler (Biosan Ltd,
UAE, Dubai) by using specific targeting fragments of
vanA and vanB genes, respectively.[!*!

Al: 5- GGGAAAACGACAATTGC-3
A2: 5-GTACAATGCGGCCGTTA-3’

B1: 5- ATGGGAAGCCGATAGTC-3’
B2: 5- GATTTCGTTCCTCGA CC-3’

Multiplex polymerase chain reaction (PCR) was used
for these two primers. The PCR mix for amplification
of vanA and vanB fragments contained 12.5 pL of the
2X master mix, 1 pL of each primer (10 pM), 5 pL of
a DNA sample, and 6.5 pL of nuclease-free water. The
amplification was performed according to the following
thermal conditions: 95°C for Smin as a pre-denaturation
step, followed by (30 cycles) of 94°C for 45s, 60°C for 45,
and 72°C for 45s. About 72°C for 7min was performed as
a final extension step. PCR products were visualized by
using gel electrophoresis on 1% agarose gel for 45min at
95 V. A molecular marker 100 bp (Jena Bioscience GmbH,
Germany) was used to compare and determine the size of
the amplicons.

Statistical analysis

The data were tabulated and analyzed by the statistical
package SPSS version 25 (Chicago, IL, USA). Frequency
and chi-square test was used for categorical variables to
match the antibiotic-resistant rates between E. faecalis,
E. faecium, and other Enterococcus spp. isolates and
the relation between the existence of vanAd genes and
resistance to each antimicrobial in all isolates: P value <
0.05 was considered significant.

Ethical approval

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of
Helsinki. It was carried out with patients verbal and
analytical approval before the sample was taken. The study
protocol and the subject information and consent form
were reviewed and approved by a local ethics committee
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according to the document number 24102021-10-30 dated
October 24, 2021 to get this approval.

ResuLts

Prevalence of Enterococcus spp.

A total of 116 Enterococcus isolates were identified and
included in the study, the age range was from 2 months to
75 years. About 45 (38.8%) of Enterococcus isolates were
from Duhok followed by 44 (37.9%) from Sulaimanya
and 27 (23.3%) from Erbil provinces. Among these, 77
(66.4%) were E. faecalis, 26 (22.4%) were E. faecium and
13 (11.2%) were other Enterococcus spp.: 5 (4.3%) were
E. gallinarum, 1 (0.86%) was from each E. avium and
E. hirae and 6 (5.2%) isolates were not being identified to
species level using the VITEK-2 system.

There were 55 enterococci isolated from male patients
(47.4%) and 61 (52.6%) from female patients. About
41.6% of E. faecalis and 61.5% of E. faecium were isolated
from male patients, whereas 58.4% of E. faecalis and
38.5% of E. faecium were isolated from female patients;
however, 53.8% of other enterococci species were from
male patients and 46.2% were from female patients.

The overall frequencies of enterococci in the processed
clinical samples were 68 (58.6%) from urine, 15 (12.9%)
from HVS, 11 (9.4%) from blood culture, 11 (9.4%) from
the wound, 10 (8.6%) from seminal fluid and 1 (0.8%) was
from the bronchial wash [Table 1].

Antibiotic resistotypes

The resistant rates of E. faecalis, E. faecium, and other
Enterococci to selected antibiotics are shown in Table 2.
Regardless of species identified, 100% were resistant
to tetracycline and the resistant percentages for other
antibiotics were: erythromycin 86.2%, ampicillin 84.5%,
gentamycin 81.9%, trimethoprim-sulfamethoxazole 68.9%,
ciprofloxacin 68.1%, levofloxacin 53.4%, penicillin 41.3%,
meropenem 31.9%, nitrofurantoin 30.1%, vancomycin
27.6%, teicoplanin 14.6%. The lower resistance rate and
strongest effects were for fosfomycin (4.3%), tigecyclin
(4.3%), and linezolid (3.4%). The resistance rates to
penicillin, ampicillin, ciprofloxacin, nitrofurantoin,
trimethoprim-sulfamethoxazole, fosfomycin, and
meropenem antibiotics were significantly higher in
E. faecium than in E. faecalis (P value < 0.05). None of the
isolates were susceptible to all antimicrobials tested.

Table 1: Distribution of Enterococcus species isolates in clinical specimens

Source of the E. faecalis E. faecium Other enterococci Total source
sample n (%) (%) 1 (%) n (%)
Urine 46 (59.7) 14 (53.8) 8 (61.5) 68 (58.6)
HVS 13 (16.8) 2(7.6) 0(0.0) 15(12.9)
Blood 4(5.2) 5(19.2) 2(15.3) 11 (9.4)
Wound swab 8(10.3) 3(11.5) 0(0.0) 11(9.4)
Semen 6(7.7) 1(3.8) 3(23.07) 10 (8.6)
Bronchial wash 0(0.) 1(3.8) 0(0.0) 1(0.8)
Total 77 (66.4) 26 (22.4) 13(11.2) 116

Table 2: Antibiotic resistance pattern of Enterococci isolates (m = 116)

Antibiotic E. faecalis (n = 77)  E. faecium (n = 26)  Others enterococci (n = 13)  Total (n = 116)  P-value
n (%) n (%) n (%) n (%)
Penicillin 23(29.8) 19 (73.07) 6(46.1) 48 (41.3) 0.001*
Ampicillin 65 (84.8) 25(96.1) 8 (61.5) 98 (84.5) 0.019*
Vancomycin 20 (25.9) 8(30.7) 4(30.7) 32(27.6) 0.862
Ciprofloxacin 46 (59.7) 24 (92.3) 9(69.2) 79 (68.1) 0.009*
Erythromycin 66 (85.7) 24 (92.3) 10 (76.9) 100 (86.2) 0.412
Gentamicin 59 (76.6) 25(96.1) 11 (84.6) 95 (81.9) 0.079
Fosfomycin 1(1.3) 2(7.7) 2(15.2) 5(4.3) 0.043*
Nitrofurantoin 13 (16.8) 15(57.7) 7(53.8) 35(30.1) 0.000*
Meropenem 11(14.2) 21 (80.7) 5(38.4) 37 (31.9) 0.000*
Linezolid 3(3.9) 1(3.8) 0(0.0) 4(3.4) 0.770
Tigecyclin 3(3.9) 2(7.7) 0(0.0) 5(4.3) 0.512
Levofloxacin 36 (46.7) 18 (69.2) 8 (61.5) 62 (53.4) 0.115
Trimethoprim-sulfamethoxazole 54 (70.1) 21 (80.7) 5(38.4) 80 (68.9) 0.025*
Teicoplanin 10 (12.9) 6(23.1) 1(33.3) 17 (14.6) 0.051
Tetracycline 77 (100) 26 (100) 13 (100) 116 (100) -
*Significant association
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Table 3: Relation between the frequency of vanA and antimicrobial resistance in E. faecalis and E. faecium isolates

Antibiotic E. faecalis (n = 77) P value E. faecium (n = 26) P value
Resistance rate n (%) Resistance rate n (%)
vanA positive n = 10 vanA negative n = 67 vanA positive n = 5 vanA negative n = 21

Penicillin 2(20.0) 21 (31.3) 0.465 4(80.0) 15(71.4) 0.698
Ampicillin 8 (80.0) 57 (85.0) 0.680 5(100) 20 (95.2) 0.619
Vancomycin 5(50.0) 15(22.3) 0.063 4(80.0) 4(19.0) 0.007*
Ciprofloxacin 7(70.0) 39 (58.2) 0.478 5(100) 19 (90.4) 0.473
Erythromycin 10 (100) 56 (83.5) 0.166 5(100) 19 (90.4) 0.473
Gentamicin 7(70.0) 52(77.6) 0.596 5(100) 20 (95.2) 0.619
Fosfomycin 0(0.0) 1(1.4) 0.697 1 (20.0) 1(4.7) 0.250
Nitrofurantoin 1(10.0) 12(17.9) 0.533 4 (80.0) 11(52.3) 0.261
Meropenem 1 (10.0) 10 (14.9) 0.678 4 (80.0) 17 (80.9) 0.961
Linezolid 0(0.0) 3(4.4) 0.495 0(0.0) 1(4.7) 0.619
Tigecyclin 1 (10.0) 2(2.9) 0.285 0(0.0) 2(9.5) 0.473
Levofloxacin 5(50.0) 31 (46.2) 0.825 5(100) 13 (61.9) 0.097
Trimethoprim-sulfamethoxazole 5(50.0) 49 (73.1) 0.136 4(80.0) 17 (80.9) 0.961
Teicoplanin 1 (10.0) 9(13.4) 0.662 2 (40.0) 4(19.0) 0.852
Tetracycline 10 (100) 67 (100) - 5 (100) 21 (100) -

*Significant association

In total, all enterococci isolates (except one isolate)
(76 of E. faecalis and 26 of E. faecium) showed MDR.
The antibiogram of the tested isolates categorized the
76 E. faecalis isolates into 44 different resistotype and
the most common resistotype were 12 of Amp-CIP-
LEV-ERY-CN-SXT-TET and 4 of Amp-VA-CIP-ERY-
CN-SXT-TET and 4 of Amp-LEV-CN-SXT-TET.
Also, a total of resistant E. faecium showed 12 different
resistotype patterns and the most common resistotype
were 10 of P-Amp-CIP-LEV-ERY-CN-F-MEM-SXT-
TET; 3 of P-Amp-E-CN-MEM-SXT-TET; and 3 of
P-Amp-VA-TEC-CIP-LEV-ERY-CN-F-MEM-SXT-TET.

Detection of vanA and vanB genes

VanA and vanB genes were amplified in all the resistant
and susceptible isolates to vancomycin. The results
showed that out of 77 E. faecalis isolates, 10 (12.98%)
contained vanA gene, but vanB gene was not detected
while out of 26 E. faecium isolates 5 (19.23%) contained
vanA gene and no vanB gene. On the other hand, out of
13 other spp., only 1 (7.6%) showed vanA band which
was E. hirae. The percentage of vanA in vancomycin-
resistant E. faecalis (25%) compared to the percentage
of vanA in vancomycin-sensitive E. faecalis (8.77%) was
not statistically significant (P value: 0.063) [Table 3] while
the percentage number of vanA in vancomycin-resistant
E. faecium (50%) compared to the percentage of vanA in
vancomycin-sensitive E. faecium (5.55%) was statistically
significant (P value: 0.007).

Discussion

Enterococcus spp. has been of considerable concern in
recent times because it tended to spread quickly in hospital

environments among healthcare staff and critically ill
patients.™ This bacteria is also isolated from operating
theaters and intensive care units.'” The ability to develop
resistance to antibiotics in enterococcus is another important
issue associated with these bacteria.l' So far, few studies are
done on enterococcus in our country such as Khalid 20161
and Kadhim and Amin" Also, little is known about
the enterococci resistance to antibiotics in Enterococcal
hospital infections in Kurdistan region hospitals.

In the current study, there was a high frequency of
E. faecalis (66%) compared to E. faecium (22%) isolated
from clinical specimens. This species distribution is
similar to that found by Alotaibi ez al. who found that
out of 231 Enterococcus spp. isolates, 168 (72.7%) were
E. faecalis and 53 (22.8%) were E. faecium!™ and a study
performed by Shridhar and Dhanashree, who found that
of 150 Enterococcus isolates, 82 (58%) were E. faecalis
and 63 (42%) were E. faecium.”® In contrast, Karna et al.
reported a high prevalence of E. faecium. They ascribe the
results to their capacity for developing resistance against
multiple antimicrobials.?!!

Other spp. (E. gallinarum, E. hirae, and E. avium) were
also detected. The relatively acknowledged percentage
(4.3%) of E. gallinarum among the total isolates may
be alert to our clinical health facilities since no recent
records are reported regarding the clinical significance of
E. gallinarum in causing hospital-acquired infections in
our locality. Despite the rarity with which E. gallinarum
is isolated from clinical samples, many reports have linked
them as sources of serious infections caused.??

In this study, 41.6% of E. faecalis and 61.5% of E. faecium
were isolated from male patients, whereas 58.4% of
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E. faecalis and 38.5% of E. faecium were isolated from
female patients, whereas a study of Shridhar and
Dhanashree revealed that males (56.3%) had higher
rates of E. faecalis than females (43.7%).2% In addition,
enterococci species were most predominantly isolated
from urine specimens (59%) followed by HVS specimens
13% then equal percentages were detected from blood
and wound swabs (9%) [Table 1]. These figures are in
agreement with a study done by Boccella et al.,>* The high
prevalence of enterococci detection from urine samples
might be attributed to the proximity of the anal orifice
to the urethra, as enterococci live as commensals in the
gut. Furthermore, urethra catheterization played a role
in some patients, resulting in a higher isolation rate of
enterococci from urine samples.?

Based on our analysis, the majority of the strains showed
low resistance to linezolid and teicoplanin, which is
consistent with other findings of Boccella et al.,** and
Parameswarappa et al. who reported high susceptibility
to this antimicrobial.® In addition, the rate of linezolid
resistance in Germany grew from 1% in 2008 to 9% in
2014 as reported by Klare et al.,??

For vancomycin, in general, 27.5% of isolates? E. faecalis,
8 E. faecium, and 4 isolates of other enterococci)
have shown resistance to this antibiotic. Inconsistent
results were recorded in Duhok, Iraq!'” also in many
European countries like Norway, Denmark, France,
and New Zealand.?”? Comparable results were observed
in Turkey.” In this research, vancomycin is the choice
antibiotic in terms of antibiotic sensitivity to enterococci,
including gentamycin, ampicillin, erythromycin, and
ciprofloxacin. There are not many treatment options for
VRE, and enterococci could transfer resistance to other
species including Staphylococcus aureus and Listeria
monocytogenes.”

In the current study majority of the Enterococcus isolates
were resistant to tetracycline 100% and for erythromycin
was 86% which is comparable to a study conducted by
Parameswarappa et al.,” Also, this study indicated
high resistance to ampicillin 84%, gentamycin 82%,
trimethoprim-sulfamethoxazole 69%, and 68% was for
ciprofloxacin. The resistance to ampicillin, ciprofloxacin,
and gentamicin was agreed with a study done by Rana
and Sande which they showed 86% of isolates were
resistant to Ampicillin, 85% to Gentamicin, and 60% to
Ciprofloxacin.?l However, studies done by Khalid!'” and
Karna et al.,”V indicated lower resistance to ampicillin
20%, 21.7%, and 39%, respectively.

Generally, E. faecium is more resistant to penicillin,
ciprofloxacin, and gentamicin than E. faecalis. The
resistance rate for penicillin in this study was 41% for all
isolates, the results follow a study performed by Karna
et al.,”V and this proportion is much lower than a study
done by Rana and Sande which was 98%.F% In contrast,

a study done by Khalid"” has indicated a much lower
level of resistance to penicillin (28%). The production
of high-affinity penicillin-binding protein is a cause for
the low resistant rate as attributed by Fontana et al.P!
and a low-affinity penicillin-binding protein may be
the cause of the increased resistance to ampicillin and
penicillin.  Furthermore, plasmid-encoded enzymes
provide resistance to f§ lactamase and aminoglycosides
reducing the function of lactam therapy and eliminating
the synergistic impact of {3 lactams and aminoglycosides,
resulting in treatment failure.*”

The most notable outcome of this investigation was that
although linezolid, teicoplanin, fosfomycin, and tigecyclin
antibiotics are not being used frequently in our healthcare
facilities, however, it was low. It has been shown in the
current study that enterococci show resistance to those
antibiotics. This indicates that the misuse of antibiotics
is not the only reason for antibiotic resistance among
communities but there could be some other reasons like
introducing the already resistant bacteria from a broad
to our community. Whereas the high resistance rates to
routinely used antibiotics [Table 2] were due to the high
consumption habits, their easy accessibility, and they
are relatively inexpensive might all be reasons for an
increase in resistance rates. Furthermore, self-prescribing
of these treatments is prevalent as also explained by
Bbosa and Mwebaza,* which leads to the formation and
dissemination of drug resistance.

Another finding in this study was a high percentage (100%)
of the isolated strains were MDR. This demonstrates
that Enterococci are a potentially growing problem and
indicates a big challenge in treating infections caused by
enterococci. The high level of resistance to these antibiotics
is likely related to the wide use of these antibiotics for the
treatment of Gram-positive infections in our provinces
and not depending on the antibiotic susceptibility test in
the clinical facilities. This MDR rate is comparable to that
of an earlier report in Egypt® while it is much higher than
the study done in Iraq by Alduhaidhawi ez al.?3

Out of 32 VRE, only 9 (28.12%) isolates contained vanA
gene but no vanB gene. The phenotypic resistance of other
E. faecium and E. faecalis isolates that had no van4 and
vanB genes could be related to different reasons other than
these two genes. Similarly, a study in Iran (2012) showed
the prevalence of vanA gene and some strains did not have
any vanA or vanB genes.*¥ Another recent study in Iran
(2017) recorded the predominance of van4 among VRE
E. faecium species.?” In contrast, the findings of Karki
et al.P¥ in Melbourne, Australia, were not consistent with
this study. They detected only vanB gene among VRE,
but none of them had vanA4. The reason expressed in their
study was that vanB gene in VRE has been endemic in
the region. The cause of this variability in genes owing to
the difference in antibiotics profiles used among various
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countries.® Different from vanA gene, vanB is clustered
and resides in a big area on the chromosome, and there is
less chance of its transfer to other strains. Additionally,
vanB gene is mostly linked to epidemics and food
contamination, whereas vanAd gene is linked to clinical
isolates.™”! Furthermore, the fact that patients were given
vancomycin for a prolonged period supports the presence
of vanA gene in VRE.

VanA gene was also reported in 5 of vancomycin-sensitive
E. faecalis and 1 among E. faecium. The difference between
E. faecalis VRE positive and VSE positive to vanAd gene in
this study was statistically insignificant and could be related
to the large difference in the number between vanA positive
and vanA negative but in E. faecium they were significant.

In conclusion, the current study has shown that the
emergence of the MDR enterococci is a potential alert
in the community healthcare facilities in the Kurdistan
region, which needs further future studies of antibiotic
resistance in a larger sample of patients.
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