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Background: Klebsiella pneumoniae is a common opportunistic pathogen and its produc-

tion of extended-spectrum β-lactamases (ESBL) and carbapenemases leads to drug resis-

tance. Clustered regularly interspaced short palindromic repeats (CRISPRs) and their

associated genes (Cas) are widespread in the genome of many bacteria and are a defense

mechanism against foreign invaders such as plasmids and viruses.

Purpose: To investigate the prevalence of the CRISPR/Cas system in wild type strains of K.

pneumoniae in the hospital and its association with drug resistance.

Materials and Methods: A total of 136 strains were collected and characterized their suscept-

ibility to antimicrobial agents. The prevalence of CRISPR/Cas system was detected by PCR and

DNA sequencing was analyzed by CRISPRFinder. The statistical analysis of the results was

performed by SPSS.

Results: We found that 50/136 (37%) isolates produced ESBL and 30/136 (22%) isolates were

resistant to carbapenems. These isolates were liable to be multidrug resistant against β-lactams,

quinolones, and aminoglycosides. Among the carbapenem-resistant isolates, blaKPC was the main

drug resistance-associated gene and different types of ESBL and AmpC genes were present.

Resistance to β-lactams, quinolones, aminoglycosides, tetracyclines, and β-lactams/enzyme inhibitor

were higher in absence of the CRISPR/Cas system. Eighteen spacers within the CRISPR arrays

matched with the genomes of plasmids or phages, some of which carried drug resistance genes.

Conclusion: ESBL-producing and carbapenem-resistant K. pneumoniae are more likely to

develop multidrug resistance and show an inverse correlation between drug resistance and

CRISPR/Cas system. Absence of CRISPR/Cas modules allow for the acquisition of external

drug resistance genes.

Keywords: CRISPR/Cas, Klebsiella pneumoniae, extended-spectrum β-lactamases,

carbapenemases, drug resistance

Introduction
The evolutionary ability of bacteria to adapt to new environments has been favored by the

acquisition of genes through horizontal gene transfer (HGT)mechanisms such as plasmid

insertion.1 The clustered regularly interspaced short palindromic repeats (CRISPR)/

CRISPR associated proteins (Cas) modules are encoded by most archaea and many

bacteria and are the adaptive defence systems against invading genetic elements such as

viruses and plasmids.2 CRISPR arrays are composed of small direct repeats of 21 to 48

base pairs (bp), which are separated by similarly-sized spacer sequences ranging from 26

to 72 bp.3 Accompanying CRISPR sequences, there are 4–10 Cas genes which are highly

conserved and encode the Cas proteins. The CRISPR/Cas system integrates a small piece

of foreign DNA from invaders such as plasmids and viruses into their direct repeat
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sequences and will recognize and degrade the same external

DNA elements during future invasions.4 Overall, the CRISPR/

Cas system mediates immunity to invading genetic elements

through a three-step process: adaptation, expression, and inter-

ference. During the adaptation stage, short pieces of DNA

homologous to virus or plasmid sequences are recognized by

a several nucleotides long protospacer adjacent motifs (PAMs)

of the CRISPR/Cas system and are integrated into the CRISPR

loci with assistance of Cas proteins. The second stage is

expression, during which the long primary transcript of a

CRISPR locus (pre-crRNA) is generated and processed into

short crRNAs. At the third step, the foreign DNA or RNA is

targeted and cleaved within the protospacer sequence under

guidance of crRNAs in association with Cas protein

complexes.5 For many bacteria, antibiotic resistance is

mediated by acquisition of new DNA that is frequently

encoded on mobile gene elements from plasmids and transpo-

sons. Studies have shown a highly significant inverse correla-

tion between the presence of CRISPR/Cas system and

acquired antibiotic resistance in Enterococcus faecalis.6

Some studies proposed the potential of CRISPR/Cas system

to regulate bacterial virulence. In Pseudomonas aeruginosa,

CRISPR/Cas system enable modulation of biofilm production,

which is an important virulence factor for various pathogenic

microorganisms.7 In Streptococcus pyogenes, the presence of

CRISPR/Cas modulates prophage contents and hence its

virulence.8However, a study onEscherichia coli demonstrated

that CRISPR/Cas system seems to ineffectively block the

spread of plasmids and antibiotic resistance.9

K. pneumoniae has emerged as a dominant opportunistic

pathogen in hospital environments due to the high rate of

antibiotic resistance and high degree of dissemination.10 The

multidrug resistance of this bacterium has been associated

with the presence of high molecular weight plasmids.11 The

aim of this study was to detect the prevalence of CRISPR/

Cas in wild type strains of K. pneumoiae and analyze the

correlation with the drug resistance patterns.

Materials and Methods
Bacterial Isolates
A total of 136 isolates of K. pneumoniae were randomly

collected in the First Affiliated Hospital of Anhui Medical

University from January to April 2019. They were isolated

from sputum (n = 74, 54.41%), urine (n = 29, 21.32%), blood

(n= 11, 8.09%), shuntfluids (n = 7, 5.15%),wound secreta (n =

6, 4.41%), and others specimens (n = 9, 6.62%). The sources

are shown in Table 1. All bacterial isolates were incubated on

Columbia sheep blood agar plates at 35°C and subjected to

identification by Matrix-Assisted Laser Desorption Ionization

Time of Flight Mass Spectrometry (MALDI-TOF MS,

BioMérieux, France). The susceptibility tests of piperacillin

(100μg), cefotaxime (30μg), cefoperazone/sulbactam (75μg/

30μg), cefmetazole (30μg), meropenem (10μg), minocycline

(30μg), tobramycin (10μg), and tigecycline (15μg) were per-

formed onMueller-Hinton agar plate by disc diffusionmethod.

The automated broth microdilution methods (VITEK 2

Compact, BioMérieux, France) were used to determine the

susceptibility of ampicillin/sulbactam, piperacillin/tazobac-

tam, ceftazidime, ceftriaxone, cefepime, aztreonam, levoflox-

acin, amikacin, gentamicin, sulfamethoxazole-trimethoprim,

cefotetan, imipenem, ertapenem, ciprofloxacin, polymyxin.

The results were categorized as resistant (R), intermediate (I),

and susceptible (S) according to Clinical Laboratory Standards

Institute Criteria (M100-S27) and the interpretation of poly-

myxin and tigecycline were based on European Committee on

Antimicrobial Susceptibility Testing (EUCAST) guidelines.

Detection of Drug Resistance Genes
The ESBL genes (blaCTX-M, blaTEM, blaSHV), carbapene-

mase genes (blaKPC, blaNDM, blaIMP, blaVIM, blaSME,

blaGES) and AmpC genes (blaFOX, blaDHA, blaMOX,

blaCIT, blaACC, blaEBC) were screened by polymerase

chain reaction (PCR) as described previously.12–14 The DNA

of all bacterial isolates were extracted by boiling using 1× TE

solution (10 mmol/LTris-HCl and 1 mmol/L EDTA, Sangon,

China). PCR cycle was as follows: pre-denaturation at 95°C

for 5 minutes, denaturation at 94°C for 1 minute, annealing at

Table 1 Constituent Ratios of Departments Where the Samples

Originated from

Department Number of Samples (%)

Intensive Care Unit 33 (24.26)

Infectious Disease 18 (13.24)

Pulmonology 15 (11.03)

General Surgery 12 (8.82)

Urinary Surgery 9 (6.62)

Neurology 9 (6.62)

Endocrinology 8 (5.88)

Rheumatic and Immunological Disease 7 (5.15)

Oncology 6 (4.41)

Orthopedics 5 (3.68)

Nephrology 5 (3.68)

Out-patient 4 (2.94)

Hematology 3 (2.21)

Burns 2 (1.47)
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the optimal temperature of different primers for 30 seconds,

and extension at 72°C for 1 minute. Denaturation, annealing,

and extension steps were repeated for 35 cycles with a final

extension step at 72°C for 10 minutes. PCR products were

separated and detected by gel electrophoresis and were con-

firmed by gene sequencing (Sangon, China) and nucleotide

BLAST search on GenBank.

Detection of CRISPR/Cas System
The prevalence of CRISPR/Cas was determined by PCR as

described above using the following primers (Cas1-F: 5ʹ-

GCTGTTTGTCAAAGTTACCCGCGAACTC and Cas1-R:

5ʹ-GGTTTTGATCGCCTCATGAGTzCACAGTTG for Cas

1; Cas3-F: 5′-TGGCCGACATTTGATTCAGC-3′ and Cas3-

R: 5′-CCATGCTTAACATTCATCAC-3′ for Cas3; I-E

CRISPR1-F: 5′-CAGTTCCTGCAACCTGGCCT-3′ and I-E

CRISPR1-R: 5′-CTGGCAGCAGGTGATACAGC-3′ for

CRISPR1; I-E* CRISPR2-F: 5′-GTAGCGAAACCCTGA

TCAAGCG-3′ and I-E* CRISPR2-R: 5′-GCGCTACGTTC

TGGGGATG-3′ for CRISPR2; I-E* CRISPR3-F: 5ʹ-

GACGCTGGTGCGATTCTTGAG-3ʹ and I-E* CRISPR3-R:
5ʹ-CGCAGTATTCCTCAACCGCCT-3ʹ for CRISPR3).15,16

PCR amplified products were then subjected to DNA sequen-

cing (Sangon, China). The sequence of Cas genes were used

for BLAST nucleotide search on GenBank. The sequence of

CRISPR arrays were identified with CRISPRFinder (https://

crispr.i2bc.paris-saclay.fr/Server/). This algorithm locates

direct repeat sequences of 23–55 bp separated by variable

sequences of 25–60 bp. Spacers from CRISPR arrays were

extracted from CRISPRFinder outputs. Each of the unique

spacer was then analyzed for their identity on GenBank by

nucleotide BLAST search.

Statistical Analysis
Chi-squared test and Fisher’s exact test were used for the

statistical analysis and P < 0.05 was considered as statistical

significance. All data were analyzed using SPSS version 25.0.

We categorized all isolates into CRISPR/Cas-positive or

CRISPR/Cas-negative and compared the distribution of

ESBL, AmpC, and carbapenemase genes as well as antimi-

crobial susceptibility.

Results
Antimicrobial Susceptibility Tests of K.
pneumoniae Isolates
We collected K. pneumoniae from patient isolates and

detected production of ESBL in 37% (50/136) isolates

and carbapenem-resistance in 22% (30/136) isolates.

With the exception of ampicillin, to which K. pneumoniae

strains are intrinsically resistant, the ESBL-producing K.

pneumoniae were susceptible to carbapenems (100%),

tigecycline (100%), polymyxin (100%), cefmetazole

(96%), amikacin (94%), fosfomycin (82%), minocycline

(78%), tobramycin (68%), levofloxacin (66%) and cefe-

pime (66%). The carbapenem-resistance isolates were

multidrug resistant (MDR) and were only susceptible to

tigecycline (100%), polymyxin (100%), minocycline

(87%), and cotrimoxazole (67%).

Prevalence of CRISPR/Cas System in K.
pneumoniae
Using PCR for detecting Cas1, Cas3, CRISPR1,

CRISPR2, and CRISPR3, we found that all of the Cas1-

positive isolates were also positive for Cas3 and had at

least one CRISPR array (Figures 1–3). In total, CRISPR/

Cas was detected in 29/136 isolates, of which 14 isolates

were CRISPR2- and CRISPR3-positive, 13 isolates were

CRISPR2-positive, and 2 isolates were CRISPR3-positive.

After the DNA sequencing and analysis by CRISPR

Finder, the CRISPR arrays had conserved direct repeats

of 28 bp: 5ʹ-GAAACACCCCCACGCATGTGGGGA

AGAC-3ʹ for CRISPR2 and 5ʹ-GTCTTCCCCACG

CACGTGGGGGTGTTTC-3ʹ for CRISPR3. They were

separated by different spacers ranging from 32 to 40 bp.

The number of spacers for CRISPR2 arrays varied from 5

to 9 and CRISPR3 arrays contained more spacers from 9

to 14. Among those spacers, 18 unique spacers were

revealed to match with the genomes of plasmids or phages

(Table 2).

Figure 1 Presence of (A) Cas1 and (B) Cas3 genes by PCR. M indicates the DNA

marker. The numeric characters represent the sequential number of different K.
pneumoniae isolates.
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Distribution of ESBL, AmpC, and

Carbapenemase Genes
The distribution of drug resistance-associated genes are

shown in Table 3. The majority of ESBL-producing isolates

carried at least two or more ESBL genes. A single ESBL

gene was found in 10 isolates, of which 6 expressed blaTEM,

2 expressed blaSHV, and 2 expressed blaCTX-M9. blaTEM

was detected in 70% (35/50) of ESBL-producing isolates and

66% (33/50) expressed blaSHV, followed by CTX-M9 (48%,

24/50) and CTX-M1 (30%, 15/50). Among the 30 carbape-

nem-resistant isolates, the only carbapenemase gene that was

detected was blaKPC. These isolates simultaneously carried

ESBL and AmpC genes. One carbapenem-resistant isolate

was negative for carbapenemase genes and instead harboured

blaFOX, blaDHA, and blaSHV. For isolates sensitive to anti-

microbial drugs, only four isolates expressed blaSHV. Taken

together, blaCTX-M1, blaCTX-M9, blaTEM, blaSHV,

blaKPC, blaFOX, and blaDHAwere found in the 136 isolates

of K. pneumoniae. The prevalence of those drug resistance-

associated genes was lower in the CRISPR/Cas-positive iso-

lates compared to those without CRISPR/Cas. Furthermore,

the distribution of blaKPC, blaFOX, and blaDHA between

these two groups was statistically significant (Table 4).

Association Between Drug Resistance

and CRISPR/Cas System
The proportion of K. pneumoniae isolates resistant to antimi-

crobial drugs such as β-lactams, quinolones, aminoglycosides,

tetracyclines, and β-lactams/enzyme inhibitors were signifi-

cantly higher in the CRISPR/Cas-negative isolates than in the

CRISPR/Cas-positive isolates (Table 5). CRISPR/Cas-posi-

tive isolates showed resistance to piperacillin (48.28%),

aztreonam (34.48%), ceftazidime (24.14%), levofloxacin

Figure 2 Presence of CRISPR2 gene by PCR. M indicates the DNA marker. The

numeric characters represent the sequential number of different K. pneumoniae
isolates which carry the CRISPR2 gene.

Figure 3 Presence of CRISPR3 gene by PCR. M indicates the DNA marker. The

numeric characters represent the sequential number of different K. pneumoniae
isolates which carry the CRISPR3 gene.

Table 2 Sequences of CRISPR/Cas Spacers Matching Plasmids or Phages

CRISPR Array Spacer Sequence (5ʹ to 3ʹ) No. of Isolates Plasmid or Phage (Accession No.)

CRISPR2 CCGGCATCCGTCAGCTCGACGGCCAGCTGCAGG 22 CP035211.1

CRISPR2 CCGCCGTTTAATCGCGGTGATGATATCCGGCA 16 CP049601.1

CRISPR2 CTATTTCGGGTCCAACAAACGGCACGCCGATCA 8 CP046941.1

CRISPR2 CCGGTTAGCAGGCCGGTGATTGCATTGGAGGC 5 MK448231.1

CRISPR2 CAGCGCAGAGCAGGCCAAGGGGCGCGATGACCA 2 MN013086.1

CRISPR3 TGCCGGATATCATCACCGCGATTAAACGGCGG 9 MN823986.1

CRISPR3 GCCAGCGCAGCGAAGTAGGCAAAGTTGTCATCG 7 KY271396.1

CRISPR3 CTTCGACACCAACCCAAACAGATCTGGCCTGGA 7 CP046941.1

CRISPR3 CAGCGCTGCGCTGATTGTCAGGAAGAAGAGGAA 4 MK448230.1

CRISPR3 CGGCGCGCCAGGCGTTATTGTCATCCACCCGCA 4 MK714353.1

CRISPR3 CTGGTTGACGTATGCCGTGATGCTGCTGGTAGG 4 MN922301.1

CRISPR3 TACACCCAGCTCTTTGACGCAAAGGCTCAGGAG 4 MN922301.1

CRISPR3 TCCAGGCCAGATCTGTTTGGGTTGGTGTCGAAG 4 CP046941.1

CRISPR3 TGCGGGTGGATGACAATAACGCCTGGCGCGCCG 4 MK714353.1

CRISPR3 TTCCTCTTCTTCCTGACAATCAGCGCAGCGCTG 4 MK448230.1

CRISPR3 CCTACCAGCAGCATCACGGCATACGTCAACCAG 3 MN922301.1

CRISPR3 CTCCTGAGCCTTTGCGTCAAAGAGCTGGGTGTA 3 MN922301.1

CRISPR3 ATTGGTGATGTCTGCGATTTTAATGCAGCGAA 1 MK327140.1
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(20.69%), cefepime (13.79%), amikacin (3.45%), piperacillin/

tazobactam (3.45%), and cefoperazone/sulbactam (3.45%). In

comparison, the resistance rate to those drugs in CRISPR/Cas-

negative isolates were of 68.22%, 55.14%, 45.79%, 41.12%,

40.19%, 24.30%, 29.91%, and 28.97%, respectively. All 29

isolates with CRISPR/Cas were susceptible to carbapenems,

cefmetazole, cefotetan, and ciprofloxacin compared with the

resistance rate of 28.04%, 28.97%, 26.17%, and 46.73%,

respectively, in the isolates without CRISPR/Cas. ESBL pro-

duction was identified in 14 of the CRISPR-positive isolates

and the remaining CRISPR-positive isolates were susceptible

to antimicrobial drugs.

Discussion
A recent bioinformatic study demonstrated that only 6/52

K. pneumoniae strains with accessible complete or draft

genomes were equipped with a complete CRISPR/Cas

system, which indicated CRISPR/Cas is not widely dis-

tributed in Klebsiella pneumoniae.3 We found CRISPR/

Cas in 29/136 (21.3%) K. pneumoniae isolates from

patient material in the hospital and the prevalence of

CRISPR/Cas system was reported to be different varying

from 30.7% (54/176) to 12.4% (27/217).16,17

The number, sequence, and length of CRISPR arrays and

the number and sequence of the Cas proteins are highly

variable between bacterial species.2 Direct repeats can be

both added and deleted so that CRISPR can evolve while

maintaining an identical number of repeats.18,19 The PCR

results confirmed that the CRISPR arrays were at different

lengths among different isolates due to the integration of

spacers and the altering number of repeat-spacer units.

According to a new CRISPR/Cas classification, CRISPR/

Cas systems are divided into two classes and six types

(class 1, including type I, III, IV and class 2, including

types II, V and VI).2 The classical type I CRISPR/Cas is

prevalent in bacteria, which can be divided into several

subtypes. Several studies demonstrated that CRISPR/Cas

systems in K. pneumoniae are classified as type I-E and

I-E*.3,20 In addition to highly conserved Cas1 and Cas2,

Cas3 functions as an indispensable part of type I CRISPR/

Cas and has separate helicase and DNase activities.21 Both

type I-E and I-E* share eight common Cas genes comprising

of Cas1, Cas2, Cas3, Cas5, Cas6, Cas7, Cse1, and Cse2.

Type I-E Cas3 gene location is downstream of Cas7 –

Cas5, which moves upstream of Cas7 – Cas5 in type

I-E*.22 In our study, we detected that K. pneumoniae isolates

possess the CRISPR/Cas system based on the PCR data

where Cas1 and Cas3 are present in conjunction with

CRISPR arrays. Among our 136 isolates, Cas1 and Cas3

were co-expressed in 29 isolates, of which 27 isolates were

CRISPR2-positive and 16 isolates were CRISPR3-positive.

As described previously, the 29 isolates were classified into

subtype I-E* CRISPR/Cas system.15

We compared the resistance rate of K. pneumoniae to

different antimicrobial drugs based on the presence of

CRISPR/Cas. Our data showed that isolates carrying this

system had a lower resistance to β-lactams, quinolones,

aminoglycosides, tetracyclines, and β-lactams/enzyme

inhibitors. This suggests an inverse correlation between

the presence of CRISPR/Cas and antibiotic resistance in

Table 3 Genetic Characterization of 136 Isolates of K.
pneumoniae

Isolate Type Gene Type Number of

Isolates(n,%)

ESBL-producing isolates

(N = 50)

CTX-M1, SHV 1 (2%)

CTX-M1, TEM 1 (2%)

CTX-M9, SHV 8 (16%)

CTX-M9, TEM 7 (14%)

CTX-M9, CTX-M1 1 (2%)

CTX-M9, CTX-M1, SHV 1 (2%)

CTX-M9, TEM, SHV 4 (8%)

CTX-M1, TEM, SHV 10 (20%)

CTX-M9, CTX-M1, TEM, SHV 1 (2%)

CTX-M9 2 (4%)

SHV 2 (4%)

TEM 6 (12%)

TEM, SHV 6 (12%)

Carbapenem-resistant

isolates (N = 30)

KPC, CTX-M9 1 (3%)

KPC, CTX-M9, TEM 6 (20%)

KPC, CTX-M9, FOX, TEM 2 (7%)

KPC, CTX-M9, TEM, FOX, DHA 6 (20%)

KPC, CTX-M9, TEM, SHV, FOX, DHA 12 (40%)

KPC, FOX 2 (7%)

FOX, DHA, SHV 1 (3%)

Sensitive isolates (N = 56) SHV 4 (7%)

Table 4 The Distribution of Drug Resistance Genes Between

CRISPR/Cas-Positive and -Negative Isolates of K. pneumoniae

Gene Distribution Rate(%) P

value
CRISPR/Cas + (N = 29) CRISPR/Cas - (N = 107)

CTX-M9 31.03 (9) 39.25 (42) 0.417

CTX-M1 10.34 (3) 11.21 (12) 1.000

TEM 44.83 (13) 44.86 (48) 0.998

SHV 20.69 (6) 37.38 (40) 0.092

KPC 0 27.10 (29) 0.001

FOX 0 21.50 (23) 0.004

DHA 0 17.76 (19) 0.013
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wild type strains of K. pneumoniae. All the carbapenem-

resistant isolates harbored blaKPC gene and AmpC or

ESBL genes, which suggests that these were prone to be

multidrug resistant on a genetic level. Based on the detec-

tion of seven drug resistance-associated genes, we found

no statistical difference of the distribution of ESBL genes

and the CRISPR/Cas system. However, blaKPC, blaFOX,

and blaDHA were not detected in CRISPR/Cas-positive

isolates, whether CRISPR/Cas was present significantly

affected the distribution of AmpC and carbapenem genes.

A previous study revealed that deletion of CRISPR/Cas

cassette in K. pneumoniae increased the transformation

success of blaKPC plasmids, indicating that CRISPR/Cas

system mediated resistance to blaKPC plasmid invasion.15

A study revealed that decreased numbers of plasmids,

phages and acquired drug resistance genes in the presence of

CRISPR/Cas within the genomes of 97 K. pneumoniae. The

spacers hit plasmid and phagewere identified asmatchingwith

the genes of phage-related proteins.17 In our study, most of

spacers matched the K. pneumoniae chromosomes and 18

unique spacers were identified matching the identity of plas-

mids or phages, which indicated the immunity of CRISPR/Cas

system against mobile genetic elements. In addition, some of

those matched foreign DNA elements that carry drug resis-

tance genes such as blaKPC. However, it was similar to the

reported finding that no plasmid- or phage-targeted spacers

were identified as matching any drug resistance genes.

Moreover, the two spacers (5ʹ- CCGCCGTTTAATC

GCGGTGATGATATCCGGCA-3ʹ; 5ʹ-TGCCGGATATC

ATCACCGCGATTAAACGGCGG-3ʹ) that exist within the

25 CRISPR/Cas-positive strains matched different plasmids,

which carry the genes mediating resistance to carbapenems

and cephalosporins. These results demonstrated that the

CRISPR/Cas system may interfere with the acquired drug

resistance ofK. pneumoniae to carbapenems and cephalospor-

ins, especially formultidrug-resistant strains, which havemore

mobile elements linked to drug resistance genes like

integrons.23 Further studies are needed to explore the interac-

tion of CRISPR/Cas with mobile genetic elements related to

drug resistance. Above all, the CRISPR/Cas system may have

a very specific function to interfere with the horizontal gene

transfer of drug resistance genes in K. pneumoniae.

Conclusion
The CRISPR/Cas is an adaptive defense system against

foreign genetic elements and is not widely distributed in K.

pneumoniae. The presence of subtype I-E* CRISPR/Cas

system is associated with lower drug resistance. The

spacers is a evidence that foreign genetic elements are

targeted by the CRISPR/Cas system, which implies that

the CRISPR arrays to some extent may prevent the acqui-

sition of drug resistance genes in K. pneumoniae.
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Table 5 Drug Resistance Pattern Between CRISPR/Cas-Positive

and -Negative Isolates of K. pneumoniae

Antimicrobial

Drug

Resistance Rate(%) P

value
CRISPR/Cas +

(N = 29)

CRISPR/Cas -

(N = 107)

PIP 48.28 (14) 68.22 (73) 0.047

SAM 48.28 (14) 60.75 (65) 0.227

TZP 3.45 (1) 29.91 (32) 0.003

CTX 48.28 (14) 59.81 (64) 0.265

CAZ 24.14 (7) 45.79 (49) 0.036

CRO 48.28 (14) 62.62 (67) 0.163

FEP 13.79 (4) 40.19 (43) 0.008

CSL 3.45 (1) 28.97 (31) 0.003

ATM 34.48 (10) 55.14 (59) 0.048

MNO 10.34 (3) 14.02 (15) 0.763

LVX 20.69 (6) 41.12 (44) 0.043

TOB 20.69 (6) 32.71 (35) 0.211

AMK 3.45 (1) 24.30 (26) 0.016

GEN 34.48 (10) 38.32 (41) 0.705

SXT 24.14 (7) 36.45 (39) 0.214

CMZ 0 28.97 (31) < 0.001

CTT 0 26.17 (28) 0.001

MEM 0 28.04 (30) < 0.001

IMP 0 28.04 (30) < 0.001

ETP 0 28.04 (30) < 0.001

CIP 0 46.73 (50) < 0.001

Abbreviations: PIP, piperacillin; SAM, ampicillin/sulbactam; TZP, piperacillin/tazo-

bactam; CTX, cefotaxime; CAZ, ceftazidime; CRO, ceftriaxone; FEP, cefepime; CSL,

cefoperazone/sulbactam; ATM, aztreonam; MNO, minocycline; LVX, levofloxacin;

TOB, tobramycin; AMK, amikacin; GEN, gentamicin; SXT, sulfamethoxazole-tri-

methoprim; CMZ, cefmetazole; CTT, cefotetan; MEM, meropenem; IMP, imipenem;

ETP, ertapenem; CIP, ciprofloxacin.
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