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Purpose: This study aimed to evaluate the presence of CRISPR-Cas system genes and their possible association with antibiotic
resistance patterns of Enterococcus faecalis and Enterococcus faecium species isolated from hospital wastewater (HWW) samples of
several hospitals.
Methods: HWW samples (200 mL) were collected from wastewater discharged from different hospitals from October 2020 to
March 2021. The isolation and identification of enterococci species were performed by standard bacteriology tests and polymerase
chain reaction (PCR). Antibiotic resistance was determined using the disc diffusion. The presence of various CRISPR-Cas systems was
investigated by PCR. The association of the occurrence of CRISPR-Cas systems with antibiotic resistance was analyzed with
appropriate statistical tests.
Results: In total, 85 different enterococci species were isolated and identified using phenotypic methods. The results of PCR
confirmed the prevalence of 50 (58.8%) E. faecalis and 35 (41.2%) E. faecium, respectively. In total, 54 (63.5%) of 85 isolates
showed the presence of CRISPR-Cas loci. The incidence of CRISPR-Cas was more common in E. faecalis. CRISPR1, CRISPR2, and
CRISPR3 were present in 35 (41.2%), 47 (55.3%), and 30 (35.3%) enterococci isolates, respectively. The CRISPR-Cas positive
isolates showed significant lower resistance rates against vancomycin, ampicillin, chloramphenicol, erythromycin, rifampin, teicopla-
nin, tetracycline, imipenem, tigecycline, and trimethoprim-sulfamethoxazole in comparison with CRISPR-Cas negative isolates. The
results showed that the presence of CRISPR-Cas genes was lower in multidrug-resistant (MDR) isolates (53.1%, n = 26/49) compared
to the non-MDR enterococci isolates (77.8%, n = 28/36) (P = 0.023).
Conclusion: This study revealed the higher prevalence of E. faecalis than E. faecium in HWWs. Also, the lack of CRISPR-Cas genes
was associated with more antibiotic resistance rates and multidrug resistance in E. faecalis and E. faecium isolates with HWW origin.
Keywords: antibiotic resistance, CRISPR-Cas, Enterococcus faecalis, Enterococcus faecium, hospital wastewater, HWW

Introduction
In recent years, hospitals and healthcare centers have become the main repositories for numerous multidrug-resistant
(MDR) pathogenic bacteria, including Enterococcus species.1,2 One of the reasons for this phenomenon is the indis-
criminate and unsupervised use of antibiotics in the treatment of infection, which creates a selective pressure to develop

Infection and Drug Resistance 2022:15 1143–1154 1143
© 2022 Alduhaidhawi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Infection and Drug Resistance Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 13 January 2022
Accepted: 12 March 2022
Published: 19 March 2022

In
fe

ct
io

n 
an

d 
D

ru
g 

R
es

is
ta

nc
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-7419-0116
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


resistance. The spread of antibiotic-resistant bacteria (ARBs) from hospitals, which can be done through various routes
including hospital wastewater (HWW), plays an important role in spreading this resistance to the community.1–3 Because
of their ever-increasing resistance, enterococci have surpassed staphylococci as the second most prevalent cause of
nosocomial infections.4 Two species Enterococcus faecalis and Enterococcus faecium are primarily responsible for these
infections. The emergence of vancomycin-resistant enterococci (VRE) that are resistant to several antibiotics has become
a major problem for healthcare systems in recent years.5,6 The rise of VRE, has also resulted in heavier use of newer
antibiotics such as daptomycin and linezolid to combat them which may lead to increased resistance to these drugs.6

Enterococci are used as markers of fecal contamination and are part of the hygiene requirements for water and food
products due to their preferred intestinal habitat, broad occurrence, and strength and simplicity of cultivation.7

Pathogenicity islands, plasmids, and antibiotic resistance genes comprise as much as 25% of the genomes of hospital-
adapted lineages of enterococci species. According to the literature, most of both E. faecalis and E. faecium from clinical
infection origin lack the clustered regularly interspaced short palindromic repeats (CRISPRs) loci and CRISPR-
associated (Cas) protein-encoding genes known as CRISPR-Cas systems.8

CRISPR-Cas systems constitute a multi-step adaptive immune response that defends prokaryotes against foreign
invading genetic material. A genomic locus including the CRISPR and nonrepetitive spacer sequences, as well as 6 to 20
genes producing CRISPR-Cas related proteins, make up the system. CRISPR-Cas systems consist of 2 classes and six
types (types I, III, and IV belong to class 1 and types II, V and VI belong to class 2).9,10

Recent reports have shown that CRISPR-Cas systems can be used for genome engineering. Also, they impose
a strong selective pressure on pathogenic bacteria to acquire virulence traits and antibiotic resistance.10–12 CRISPR1-cas,
orphan CRISPR2, and CRISPR3-cas are three types of CRISPR-Cas systems found in the enterococci genome. CRISPR1
and CRISPR2 both have seven repeats of a 37-bp palindromic motif that bears no resemblance to any of the 29-bp spacer
sequences. Despite this, they likely originated from pheromone-responsive type plasmids, plasmids integrated inside the
E. faecalis V583 genome, and enterococcal prophage and phage, due to short spacer sequences.11,12

The available data regarding the possible association of CRISPR-Cas with antibiotic resistance in enterococci with
HWW origin in Middle Eastern countries is scarce. The existence of the CRISPR-Cas system has been found to have
a highly substantial negative association with the antibiotic resistance in some bacteria.13,14 However, very few studies
have addressed this issue so far, and even in some of them, a positive association has been reported.9 Hence, this study
aimed to evaluate the presence of CRISPR-Cas system genes and their possible association with antibiotic resistance
patterns of E. faecalis and E. faecium isolated from HWW samples of several hospitals.

Materials and Methods
Ethical Approval
This study was approved by the Ethics Committee of the University of Kufa, Najaf, Iraq (ethics code: MEC-10)
following the Declaration of Helsinki. No human and animal samples were used in this study.

Sample Collection
The HWW samples were collected from wastewater discharged from different hospitals during February 2020 and
March 2021. Water sampling was carried out at frequent and regular intervals from the wastewater leaving the hospital.
For each sample, 200 mL of hospital sewage was collected in sterile bottles and kept in ice packs and transported to the
laboratory for microbiological testing.

Enterococci Isolation and Identification
To isolate and presumptive identification of Enterococcus species, 0.5 mL of the HWW samples were inoculated in
9.5 mL of tryptic soy broth (TSB) (Merck, Germany) and incubated for 24 h at 37 °C. Bacterial growths were streaked
onto bile esculin azide agar (BEA) (Merck, Germany) as selective agar plates and incubated at 37 °C for 24 h. The
evidence of the presence of enterococci was the formation of dark brown or black colonies. These dark brown colonies
that regarded to be presumptive isolates, were further investigated by a panel of standard bacteriology tests including
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Gram staining, growth in NaCl 6.5% broth, and catalase test.15,16 The confirmed enterococci species were inoculated into
TSB/glycerol (20%) and stocked at – 80 °C for further analysis.

Confirmation of Enterococci Isolates by Polymerase Chain Reaction (PCR)
The final confirmation of the Enterococcus species was based on the detection of the genus-specific tuf gene (product size
112 bp) using previously described primers (Table 1).17 Firstly, DNA extraction was performed by boiling method
according to the previous described protocol with some modification.17 The bacterial suspension was centrifuged at
10,000 rpm for 10 min and supernatant was discarded and pellet washed with 200 μL saline and further centrifuged at
10,000 rpm for 10 min. Then the supernatant was discarded. A volume of 150 μL of lysis buffer was added and cells were
lysed in a heating block at 100 °C for 10 min and then were centrifuged at 10,000 rpm for 10 minutes. Finally, the
supernatant was used as a DNA template.

The E. faecalis and E. faecium isolates were confirmed and identified using a multiplex PCR (Biorad S1000 Thermal
Cycler, USA) with specific primers presented in Table 1.17 The 25 μL PCR reaction mixture was composed of 12 μL of
Master Mix [Dream Taq PCR Master Mix (2X), Thermo Scientific, Pittsburgh, PA, USA], 3 μL of the DNA template, 5
μL of nuclease free water, and 0.5 μL of each primer (10 pMol). The different standard enterococci species were used as
positive controls (Table 1). The PCR cycling conditions consisted of the initial denaturation 95 °C/3 min followed by 30
cycles of denaturation at 95 °C for 30s, annealing at 48 °C (E. faecium) and 52 °C (E. faecalis) for 30s, and extension at
72 °C for 1 min, followed by a final extension at 72 °C for 7 min. An agarose gel containing 2% Tris- Borate-EDTAwith
2 μg ethidium bromide/mL was used to confirm the amplification of targeted genes using electrophoresis at 110 V for 40
min. The amplicons were detected by a UV light transilluminator and their size band was determined using a 100 bp
DNA molecular weight marker.17

Antimicrobial Susceptibility Test (AST)
The AST of enterococci isolates were evaluated against vancomycin (30 µg), ampicillin (10 µg), chloramphenicol (30
µg), ciprofloxacin (5 µg), erythromycin (15 µg), linezolid (30 µg), rifampin (5 µg), teicoplanin (30 µg), tetracycline (30

Table 1 List of Control Strains/Genes, PCR Primers and Products Size

Strain/Genes Primer Sequences (5’–3’) Product Size (bp) Reference

Enterococcus genus tuf-F

tuf-R

TACTGACAAACCATTCATGATG

AACTTCGTCACCAACGCGAAC 112

[17]

E. faecalis ATCC 19433 FL1

FL2

ACTTATGTGACTAACTTAACC

TAATGGTGAATCTTGGTTTGG 360

[17]

E. faecium ATCC 19434 FM1

FM2

GAAAAAACAATAGAAGAATTAT

TGCTTTTTTGAATTCTTCTTTA 215

[17]

CRISPR1-cas csn1 For

Rev

CAGAAGACTATCAGTTGGTG

CCTTCTAAATCTTCTTCATAG 83

[11]

CRISPR1-cas loci For

Rev

GCGATGTTAGCTGATACAA

CGAATATGCCTGTGGTGAAA 315

[11]

CRISPR2 loci For

Rev

CTGGCTCGCTGTTACAGCT

GCCAATGTTACAATATCAAACA Variable

[11]

CRISPR3-cas csn1 For

Rev

GCTGAATCTGTGAAGTTACTC

CTGTTTTGTTCACCGTTGGAT 258

[11]

CRISPR3-cas loci For

Rev

GATCACTAGGTTCAGTTATTTC

CATCGATTCATTATTCCTCCAA 224

[11]
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µg), imipenem (10 µg), tigecycline (15 µg), and trimethoprim-sulfamethoxazole (1.25–23.75 µg) (MAST Co, UK)
according to the Clinical and Laboratory Standards Institute (CLSI).18 For antibiotics that were not on the CLSI list, the
European Committee on Antimicrobial Susceptibility Testing (EUCAST) recommendations were used.19 Disc diffusion
method was performed using Muller-Hinton (MH) agar (Merck, Darmstadt, Germany) for AST. Physiological saline
(0.85%) was used to prepare bacterial suspensions from overnight cultures to closely match the MacFarland standard 0.5.
The suspensions were spread on MH agar plates using sterile cotton swabs. Then, the antibiotic discs were placed on the
plates. The plates were incubated at 37 °C for 18 h. CLSI and EUCAST breakpoints were used to interpret the results.
Quality control was performed using Staphylococcus aureus ATCC 25923 and E. faecalis ATCC 29212.16 MDR
resistotypes were determined based on the resistance of isolates to three or more antibiotics from different examined
classes.14 The tested antibiotics were belong to 10 different classes as follows: C1, penicillins; C2, carbapenems; C3,
fluoroquinolones; C4, folate pathway antagonists; C5, phenicols; C6, glycopeptides; C7, tetracyclines; C8, ansamycins;
C9, oxazolidinones; and C10, macrolides.

Detection of CRISPR-Cas Systems
The different CRISPR-Cas systems were screened using the previously published primers.11 The PCR mix for detection
of various CRISPR-Cas systems contained 12.5 μL of the 2X Master Mix, and 1 μL of each primer (10 pM), 2 μL of
DNA sample, and 8.5 μL of nuclease-free water. The amplification condition was carried out with the following thermal
cycling program: initial denaturation at 95 °C for 5 min, 34 cycles of amplification consisting of 95 °C for 30s, 30s at 60
°C for all CRISPR-Cas systems, and 72 °C for 45s, with 72 °C for 5 min in the final polymerization. Gel electrophoresis
was used to analyze PCR products in a 1% agarose gel at 100 V for 1 h in a 1X TBE buffer containing the DNA safe
stain. PCR product size was correlated with a 100 based-pair DNA ladder to confirm the conjunction with their expected
PCR amplicon size.

Data Analysis
Prism GraphPad, version 8.0 (GraphPad Software, Inc., CA, US) was used for all descriptive statistical analyses. Chi-
square or Fisher’s exact tests were used to compare the antibiotic resistance rates between E. faecalis and E. faecium
isolates and the associations between the presence of CRISPR-Cas genes and resistance to each antibiotic in both
isolates. A P-value ≤ 0.05 was considered a significant association.

Results
Isolates Prevalence
In total, 50 water samples were collected from 6 hospitals, from which 85 different enterococci species were isolated and
identified using culture and phenotypic methods. The results of PCR confirmed the prevalence of 50 (58.8%) E. faecalis
and 35 (41.2%) E. faecium, respectively.

Antibiotic Resistotypes
The resistance rates of E. faecium and E. faecalis isolates are shown in Table 2. The highest rate of resistance was
documented against ampicillin (58.8%), followed by tetracycline (55.3%) and ciprofloxacin (54.1%). The linezolid
(8.2%), imipenem (8.2%), rifampin (9.4%), and tigecycline (12.9%) with the lowest resistance rates showed the strongest
effects against enterococci isolates. The total resistance rate of vancomycin was 29.4%. The resistance rates to linezolid
and trimethoprim-sulfamethoxazole antibiotics were significantly higher in E. faecalis than E. faecium (P-value < 0.05).
In total, 49 (57.6%) isolates (30 E. faecalis and 19 E. faecium, respectively) were MDR with 10 different resistotypes
(Table 3). The R7 (ampicillin-ciprofloxacin-tetracycline-erythromycin-trimethoprim-sulfamethoxazole) with the rate of
24.5% was the most prevalent resistotype.
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Prevalence of CRISPR-Cas Systems
The prevalence of three different CRISPR-Cas elements in enterococci isolates is presented in Table 4. In total, 54
(63.5%) of 85 isolates showed positive PCR bands for the presence of CRISPR-Cas loci. CRISPR1, CRISPR2, and
CRISPR3 were present separately or in combination in a total of 35 (41.2%), 47 (55.3%), and 30 (35.3%) enterococci
isolates, respectively. The incidence of CRISPR-Cas was more common in E. faecalis (n = 40, 80.0%) than E. faecium (n

Table 2 Resistance Rates of Different Enterococci Strains Against Studied Antibiotics

Antibiotic Enterococcus faecalis (n=50)
n (%)

Enterococcus faecium
(n=35) n (%)

Total (n=85)
n (%)

P-value

Vancomycin (30 µg) 15 (30.0) 10 (28.6) 25 (29.4) 1.000

Ampicillin (10 µg) 28 (56.0) 22 (62.9) 50 (58.8) 0.655

Chloramphenicol (30 µg) 17 (34.0) 16 (45.7) 33 (38.8) 0.366

Ciprofloxacin (5 µg) 27 (54.0) 19 (54.3) 46 (54.1) 1.000

Erythromycin (15 µg) 23 (46.0) 15 (42.9) 38 (44.7) 0.827

Linezolid (30 µg) 7 (14.0) 0 (0.0) 7 (8.2) 0.001*

Rifampin (5 µg) 5 (10.0) 3 (8.6) 8 (9.4) 1.000

Teicoplanin (30 µg) 13 (26.0) 11 (31.4) 24 (28.2) 0.629

Tetracycline (30 µg) 27 (54.0) 20 (57.1) 47 (55.3) 0.827

Imipenem (10 µg) 5 (10.0) 2 (5.7) 7 (8.2) 0.694

Tigecycline (15 µg) 8 (16.0) 3 (8.6) 11 (12.9) 0.513

Trimethoprim- sulfamethoxazole (1.25–
23.75 µg)

22 (44.0) 5 (14.3) 27 (31.8) 0.005*

Note: *Significant association.

Table 3 Resistotypes of 49 Multidrug-Resistant Enterococci Isolates Based on
the Studied Antibiotics Classes

Resistotypes (n, %) Antibiotic Classes

R1 (1, 2.0) CIP-TPN-RIF-ERY

R2 (3, 6.1) SXT-C-TET-RIF

R3 (1, 2.0) AMP-CIP-C

R4 (3, 6.1) IMI-SXT-C-ERY

R5 (3, 6.1) AMP-CIP-C-TET

R6 (5, 10.2) AMP-SXT-C-TPN

R7 (12, 24.5) AMP-CIP-SXT-TET-ERY

R8 (4, 8.2) AMP-IMI-CIP-VAN-TPN-TET-TGC-RIF-LZD-ERY

R9 (7, 14.3) AMP-CIP-VAN-TPN-TET-TGC

R10 (10, 20.4) AMP-CIP-C-VAN-TET-ERY

Abbreviations: AMP, ampicillin; ERY, erythromycin; IMI, imipenem; C, chloramphenicol; CIP, cipro-
floxacin; LZD, linezolid; SXT, trimethoprim-sulfamethoxazole; RIF, rifampin; TET, tetracycline; TGC,
tigecycline; TPN, teicoplanin; VAN, vancomycin.
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Table 4 The Occurrence of CRISPR/Cas Luci in 50 Enterococcus faecalis and 35 Enterococcus faecium Isolates

CRISPR1-
Cas Alone

CRISPR2
Alone

CRISPR3-
Cas Alone

CRISPR1-Cas +
CRISPR2

CRISPR1-Cas +
CRISPR3-Cas

CRISPR2
+CRISPR3-Cas

CRISPR1-Cas + CRISPR2 +
CRISPR3-Cas

Total n (%)

Enterococcus
faecalis n (%)

1 (2.0) 15 (30.0) 0 (0.0) 6 (12.0) 0 (0.0) 0 (0.0) 18 (36.0) 40 (80.0)

Enterococcus
faecium n (%)

2 (5.7) 0 (0.0) 4 (11.4) 0 (0.0) 0 (0.0) 0 (0.0) 8 (22.9) 14 (40.0)

Total n (%) 3 (3.5) 15 (17.6) 4 (4.7) 6 (7.1) 0 (0.0) 0 (0.0) 26 (30.6) 54 (100.0)
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=14, 40.0%) isolates (P = 0.0002). CRISPR1, CRISPR2, and CRISPR3 were observed in 25 (50.0%), 39 (78.0%), and 18
(36.0%) E. faecalis isolates, respectively. Also, CRISPR1, CRISPR2, and CRISPR3 were detected in 10 (28.6%), 8
(22.9%), and 12 (34.3%) E. faecium isolates, respectively. The coexistence of CRISPR/Cas loci was found in 32 (59.3%)
isolates (Table 4).

Association Between the Occurrence of CRISPR-Cas Elements and Antibiotic
Resistance
The association between the occurrence of CRISPR-Cas elements and antibiotic resistance of 85 enterococci isolates is
summarized in Table 5. There was a negative association between the occurrence of CRISPR-Cas elements and antibiotic
resistance rates in enterococci isolates. The CRISPR-Cas positive E. faecalis isolates showed significant lower resistance
rates against vancomycin, ampicillin, chloramphenicol, erythromycin, rifampin, teicoplanin, tetracycline, imipenem,
tigecycline, and trimethoprim-sulfamethoxazole in comparison with CRISPR-Cas negative E. faecalis strains. Also,
the CRISPR-Cas positive E. faecium isolates showed significant lower resistance rates against vancomycin, ampicillin,
chloramphenicol, erythromycin, teicoplanin, and tetracycline in comparison with the CRISPR-Cas negative E. faecium
strains (Table 5). Finally, the results showed that the presence of CRISPR-Cas genes was lower in MDR isolates (53.1%,
n = 26/49) compared to the non MDR enterococci isolates (77.8%, n = 28/36) (P = 0.023).

Discussion
At this time, little is known about the antibiotic resistance mechanisms of enterococci in the water environment. Also,
reports of an association between the presence of CRISPR-Cas genes and antibiotic resistance in enterococci strains

Table 5 Association Between the Occurrence of CRISPR/Cas Elements and Antibiotic Resistance in Enterococcus faecalis and
Enterococcus faecium Isolates

Antibiotic Enterococcus faecalis (n=50) P-value Enterococcus faecium (n=35) P-value

Resistance Rate n (%) Resistance Rate n (%)

CRISPR/Cas
Positive (n = 40)

CRISPR/Cas
Negative (n = 10)

CRISPR/Cas
Positive (n = 14)

CRISPR/Cas
Negative (n = 21)

Vancomycin 5 (12.5) 10 (100.0) < 0.001* 1 (7.1) 9 (42.9) 0.028*

Ampicillin 19 (47.5) 9 (90.0) 0.029* 5 (35.7) 17 (81.0) 0.012*

Chloramphenicol 10 (25.0) 7 (70.0) 0.020* 3 (21.4) 13 (62.0) 0.036*

Ciprofloxacin 20 (50.0) 7 (70.0) 0.307 9 (64.3) 10 (47.6) 0.491

Erythromycin 14 (35.0) 9 (90.0) 0.003* 2 (14.3) 13 (62.0) 0.007*

Linezolid 4 (10.0) 3 (30.0) 0.133 0 (0.0) 0 (0.0) 1.0

Rifampin 1 (2.5) 4 (40.0) 0.004* 0 (0.0) 3 (14.3) 0.259

Teicoplanin 7 (17.5) 6 (60.0) 0.012* 0 (0.0) 11 (52.4) < 0.001*

Tetracycline 17 (42.5) 10 (100.0) < 0.001* 3 (21.4) 17 (81.0) 0.001*

Imipenem 0 (0.0) 5 (50.0) < 0.001* 0 (0.0) 2 (9.5) 0.505

Tigecycline 4 (10.0) 4 (40.0) 0.041* 0 (0.0) 3 (14.3) 0.259

Trimethoprim-

sulfamethoxazole

13 (32.5) 9 (90.0) 0.003* 0 (0.0) 5 (23.8) 0.069

Note: *Significant association.
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isolated from aquatic environments, especially HWWs, are rare. The strength of this study was to address this issue in
enterococci strains isolated from HWWs samples.

In this study, E. faecalis was the most predominant (58.8%) strain followed by E. faecium (41.2%). In contrast to
these results, Gotkowska-Płachta,20 reported E. faecium (42.9%) as the most prevalent isolate in HWW samples,
followed by E. faecalis (31.0%). However, the predominance of the two species of E. faecium and E. faecalis compared
to other strains in their study was similar to the present study. In a study by Molale-Tom et al21 from South Africa, the
most prevalent Enterococcus isolate in the wastewater treatment plant samples was E. hirae (21.0%), followed by
E. faecalis (21.0%) and E. faecium (19.0%). Iweriebor et al22 reported the E. faecalis as the most prevalent isolate in
hospital and domestic wastewater effluents that was similar to the current study. Depending on the type of wastewater
and the treatment methods used, the variety of the wastewater microbiota and their antibiotic resistance profile may be
different.20 There are several survival strategies that distinct species of enterococci can engage them to persist in different
environments, including starvation and the viable but non-culturable (VBNC) state. These strategies allow enterococci to
survive even in chlorinated wastewater.22

This study investigated the resistance patterns of enterococci against different antibiotics. The results revealed that
ampicillin and tetracycline with resistance rates of 58.8% and 55.3% were the less effective antibiotics, respectively.
These results were consistent with a report by Molale-Tom et al21 from South Africa. However, they reported a low
resistance rate (8.0%) against ciprofloxacin that was in contrast to the finding of the current study (54.1%). In this study,
the overall resistance rate to trimethoprim-sulfamethoxazole was 31.8%, although this rate was significantly higher in
E. faecalis strains than E. faecium. This result was lower than a previous report by Gotkowska-Płachta (87.5%) from
Poland.20 In another study, Matlou et al23 reported a resistance rate of 12.5% for sulfamethoxazole antibiotic among
enterococci isolates from surface and ground water. One of the unexpected results of this study was the lower resistance
rate to vancomycin in comparison to previous reports. In this study, the resistance rates of vancomycin and teicoplanin
were 29.4% and 28.2%, respectively. These lower resistance rates may be due to the low prescription of glycopeptides in
treatment protocols of healthcare systems. Several previous studies by Gotkowska-Płachta et al (more than 75.0%),20

Molale-Tom et al (62.0%),21 Iweriebor et al (more than 80%),22 Matlou et al (78.6%),23 and Oravcova et al (86.0%)24

have reported high level resistance rates to vancomycin and/or teicoplanin among enterococci isolated from aquatic
environments, which contradicted the results of the current study. However, low resistance rates of 2.8% and 3.3% have
been reported by Karimi et al25 from Iran and Mbanga et al26 from South Africa, respectively. Even in advanced
countries, medical professionals face significant challenges when dealing with VRE strains, particularly if they have
multiple antibiotic resistance factors.23 VanA, B, C, D, E, G, L, M, and N are currently known operons of vancomycin
resistance in enterococci species.27

The current study showed a relatively low percentage of resistance to linezolid (8.2%) and tigecycline (12.9%) among
enterococci. However, these rates were higher than the previous studies conducted in Czech Republic (linezolid 0.0% and
tigecycline 0.0%)24 and Iran (linezolid 3.4%).25 Also, the low resistance rates of rifampin (9.4%) and imipenem (8.2%)
confirmed that these antibiotics are still among the best effective choices against enterococci. These findings were
contrary to previous reports from Poland,20 Czech Republic,24 and Pakistan.28

Almost more than third of the strains showed resistance against erythromycin (44.7%) and chloramphenicol (38.8%).
Molale-Tom et al21 from South Africa, reported higher and lower resistance rates against erythromycin (51.0%) and
chloramphenicol (22.0%), respectively. Also, Matlou et al (30.4%)23 and Oravcova et al (0.0%)24 reported lower
resistance rates against chloramphenicol than the current research. However, higher resistance proportions against
erythromycin were reported in previous studies from Czech Republic24 and Iran25 in comparison to the current results.

In this work, 57.6% of enterococci isolates were MDR. This proportion was lower than previous reports from South
Africa (68.0%, 80.4%, 80.8%)21,23,26 and Poland (94.0%).20 Nevertheless, the fact that more than half of the isolates
tested had MDR in this study was a warning sign that regulatory measures need to be taken to prevent this phenomenon
from more spreading.

In this research, 63.5% (54/85) of enterococci isolates from HWWs had CRISPR-Cas elements. To the best of our
knowledge, this experiment was one of the rare studies that has dealt with this issue. A previous study by Dos Santos
et al,14 showed a lower frequency rate (51.1%) of CRISPR-Cas in enterococci collected from human and food sources.
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Using PCR, the frequency of CRISPR2 (55.3%) was higher than CRISPR1 (41.2%) and CRISPR3 (35.3%) in this study
which was in line with previous reports by Gholizadeh et al11 from Iran and Huescas et al29 from Brazil. In contrast to
our results, Dos Santos et al14 reported CRISPR3 (67.4%) as the most prevalent type in enterococci isolates. In
a previous study by Sanderson et al,30 orphan CRISPR (without Cas genes) was detected in 27 genomes of 39
enterococci isolates from wastewater treatment plants using bioinformatics experiments by CRISPRdb software.
Another study by Lyons et al31 that focused on prevalence of CRISPR1-cas1 gene in enterococci isolates from non-
clinical and environmental sources, the aforesaid gene was found in 32.7% of all isolates that was lower than the current
findings. Also, they reported the occurrence of CRISPR1-cas1 gene in 23.6%, 73.1%, and 7.1% of E. faecalis, E. hirae,
and E. faecium strains, respectively. In this study, the prevalence of CRISPR1 was higher in E. faecalis (50.0%) than
E. faecium isolates (28.6%) that was similar to Lyons et al.31 In the current study, the frequency of CRISPR-Cas systems
was significantly higher in E. faecalis (80.0%) than E. faecium (40.0%). This finding was in line with a previous report
by Huescas et al29 from Brazil, who found that the CRISPR-Cas elements of E. faecalis were detected more often than
those of E. faecium in non-clinical samples. However, they reported more and less prevalence of CRISPR2 and
CRISPR3-cas in the E. faecalis and E. faecium isolates from food and animal fecal samples than in our study,
respectively.

This study revealed the incidence of 50.0%, 78.0%, and 36.0% for CRISPR1, CRISPR2, and CRISPR3 in E. faecalis
isolates, respectively. In a previous report by Gholizadeh et al11 from Iran, the attendance of CRISPR1-cas, orphan
CRISPR2, and CRISPR3-cas was seen in 13%, 55.3%, and 17.4% of clinical E. faecalis, respectively. Also, in another
study from Iran, the prevalence rates of 53.4%, 17.7%, and 10.4% were reported for CRISPR2, CRISPR3, and CRISPR1
in E. faecalis isolates from urinary tract infections (UTI) and dental-root canal (DRC) samples.32 Also, this research
showed the prevalence of 28.6%, 22.9%, and 4.3% for CRISPR1, CRISPR2, and CRISPR3 in E. faecium isolates,
respectively. In this regard, Huescas et al29 reported a higher prevalence rate of CRISPR2 (32.7%), but lower frequency
of CRISPR1-cas (5.6%) and CRISPR3-cas (1.8%) genes in non-clinical E. faecium isolates. These discrepancies in the
results of various studies can be due to the sample size, the source of the sample collection, and the technique used in the
screening of CRISPR-Cas systems.

One of the strengths of the current study was evaluating of the association of CRISPR-Cas systems presence with
resistance against a wide range of antibiotics in non-clinical enterococci isolates. Given that few studies have addressed
this issue so far, the results of this study provided valuable epidemiological information. The results showed that there
was a significant negative association between the occurrence of CRISPR-Cas elements and antibiotic resistance rates
against vancomycin, ampicillin, chloramphenicol, erythromycin, rifampin, teicoplanin, tetracycline, imipenem, tigecy-
cline, and trimethoprim- sulfamethoxazole in E. faecalis isolates. Also, the CRISPR-Cas positive E. faecium isolates
showed significant lower resistance rates against vancomycin, ampicillin, chloramphenicol, erythromycin, teicoplanin,
and tetracycline in comparison with the CRISPR-Cas negative E. faecium strains. Notably, the presence of CRISPR-Cas
elements was lower in MDR isolates compared to non MDR enterococci isolates. These results were in good agreement
with a recent study by Gholizadeh et al32 who showed that CRISPR-cas loci are negatively correlated with antibiotic
resistance, as well as carrying antibiotic-resistant genes in E. faecalis isolates from UTI and DRC samples. Also, our
results confirmed the previous findings obtained by Dos Santos et al,14 Palmer and Gilmore,33 and Burley and Sedgley34

who showed that MDR properties among enterococci isolates were associated with a lack of CRISPR-Cas systems. It is
believed that CRISPR-Cas acts as a barrier to the acquisition of antibiotic resistance genes because most of these genes
are commonly spread by plasmids in enterococci isolates.32 Consistent with the current study, the negative effects of the
occurrence of CRISPR-Cas elements against antibiotic resistance has been reported in other bacteria including Klebsiella
pneumoniae,13,35 and Escherichia coli.36 Also, Ren et al37 showed that point mutation in cas1 and cas2 genes may be
contribute to multiple drug resistance in Shigella species. However, in contrast to the aforesaid studies, Shabbir et al9

claimed that CRISPR-Cas system promotes antimicrobial resistance in Campylobacter jejuni.
The present study had some limitations as follows: the lack of sequencing of the CRISPR-Cas elements and also not

examining the clonal genetic linkage of the enterococci due to limited financial resources.
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Conclusion
This study was among the rare studies that addressed the prevalence of CRISPR-Cas systems and their effects on
antibiotic resistance in enterococci collected from HWW samples. The results showed the higher prevalence of
E. faecalis than E. faecium in HWWs. Also, different abundance rates of various type II CRISPR-Cas systems with
the predominance of CRISPR2 were observed among E. faecalis and E. faecium isolates from non-clinical origin. In this
research, a significant negative association was seen between the presence of CRISPR-Cas systems and antibiotic
resistance against penicillins, carbapenems, folate pathway antagonists, phenicols, glycopeptides, tetracyclines, ansamy-
cins, and macrolides among enterococci isolates. Similarly, the presence of CRISPR-Cas was associated with lower
multidrug resistance of enterococci isolates. This inverse relationship may provide new impetus for the fight against
infection caused by MDR pathogens with the help of CRISPR-Cas elements.
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