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Risk factors for and the mechanism underlying linezolid-resistant Enterococcus
infection

XIA Qing, LU Mei, LI Qingrong, HE Ping'an, LI Jiang, YANG Xu (Department of Laboratory Medicine, the
Second Affiliated Hospital of Kunming Medical University, Kunming 650000, China)

Abstract: Objective To investigate the risk factors of hospital-acquired and community-acquired linezolid-resistant Enterococcus
(LRE) infection and explore the mechanisms of linezolid resistance. Methods LRE strains isolated from September 2018 to
December 2020 were collected and assigned to community-acquired or hospital-acquired strains according to the source of LRE
infection. Risk factors for hospital-acquired and community-acquired LRE infection were analyzed by retrospective case-control
studies. The mechanism of linezolid resistance was examined by PCR and sequencing analysis. Results A total of 38 LRE strains
were included in this analysis. A case control study was then conducted with 16 patients with hospital-acquired LRE infection and
64 controls with hospital-acquired linezolid-susceptible Enterococcus (LSE) infection, 17 patients with community-acquired LRE
infection cases and 68 controls with community-acquired LSE infection. Univariate analysis showed that endotracheal intubation,
admission to ICU, and bladder irrigation were the main risk factors for hospital-acquired LRE infection. Multivariate analysis
showed that endotracheal intubation was an independent risk factor. Univariate analysis showed that polymicrobial infection and
hypoproteinemia were the main risk factors for community-acquired LRE infection, while multivariate analysis demonstrated that
hypoproteinemia and polymicrobial infection were independent risk factors. The optr4 gene was the main mechanism underlying

hospital-acquired LRE resistance (61.5%), and community-
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Figure 1 ~ Source distribution of linezolid-resistant Enterococcus strains

7.9%

2.6%
2.6%
2.6%

m Urinary surgery

m Hepatological surgery

m Gastrointestinal surgery
1 Burns

m ICU

B Kidney internal medicine
B Endocrinology

m EICU

B Outpatient

P2 IR m i 24 i R B R R % A

Figure 2 Distribution of linezolid-resistant Enterococcus strains by clinical setting
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Table 1  Susceptibility of linezolid-resistant Enterococcus to 17 antibiotics

[n (%) ]
Enterococcus faecium (n=6)" Enterococcus faecalis (n=32)
Antibiotic
R S I R S I

Ampicillin 3 3 NA 3(9.4) 29(90.6) NA
Chloramphenicol 5 1 NA 23(71.9) 6(18.8) 3(9.4)
Ciprofloxacin 6 NA NA 15(46.9) 11(34.3) 6(18.8)
Erythromycin 6 NA NA 29(90.6) 1(3.1) 2(6.3)
Gentamicin-high 5 NA 1 2(78.1) 6(18.8) 1(3.1)
Clindamycin 6 NA NA 32(100) NA NA
Levofloxacin 6 NA NA 16(50.0) 15(46.9) 1(3.1)
Moxifloxacin 6 NA NA 16(50.0) 16(50.0) NA
Minocycline 6 NA NA 2(81.2) 3(9.4) 3(9.4)
Nitrofurantoin 1 4 1 NA 29(90.6) 3(9.4)
Penicillin 3 3 NA 3(9.4) 29(90.6) NA
Quinupristin-dalfopristin 1 4 1 32(100) NA NA
Streptomycin-high 4 2 NA 1(343) 21(65.7) NA
Tetracycline 6 NA NA 2(90.6) 2(63) 1(3.1)
Teicoplanin NA 6 NA 2(6.3) 28(87.4) 2(6.3)
Tigecycline NA 6 NA NA 32(100) NA
Vancomycin NA 6 NA 3(9.4) 29(90.6) NA

"Number of strains is presented instead of percentage when 7<<10. NA, not available.
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Figure 3 Prevalence of the genes conferring linezolid resistance in hospital-acquired and community-acquired linezolid-resistant
Enterococcus ( LRE ) strains
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Table 2 Univariate analysis of risk factors for hospital-acquired LRE infection

Risk factor LRE (n=16) LSE (n=64) P value
Age ( mean + SD ) /years 61.1+12.8 53.8+16.6 0.109
Hospital stay[median ( Pys, Py ) }/d 105(8.5, 15.2) 85(5.0, 16.0) 0.113
Female 8(50.0) 27(422) 0.573
Elderly ( = 60 years ) 10(62.5) 25(39.1) 0.091
Transfer from another hospital 3(18.8) 13(20.3) 1.000
Prior hospital admission 7(43.8) 17(26.6) 0.225
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*2 (%)
Table 2 ( continued )
Risk factor LRE (n=16) LSE (n=64) P value

Admission to ICU 10(62.5) 21(32.8) 0.029
Hypertension 6(37.5) 18(28.1) 0.545
Diabetes mellitus 3(188) 10(15.6) 0.717
Hepatobiliary disease 4(25.0) 17(26.6) 1.000
Gastrointestinal disease 3(18.8) 13(20.3) 1.000
Urinary disease 5(31.2) 14(21.9) 0.514
Malignant tumor 7(43.8) 13(20.3) 0.102
Hypoproteinemia 12(75.0) 34(53.1) 0.113
Surgery in the past 6 months 9(56.2) 44(68.8) 0.344
Central venous catheter 10(62.5) 28(43.8) 0.179
Urinary catheter 12(75.0) 33(51.6) 0.091
Gastric tube 6(37.5) 28(43.8) 0.651
Drainage tube 14(87.5) 47(73.4) 0.333
Endotracheal intubation 8(50.0) 7(10.9) 0.001
Fistula formation 7(43.8) 13(20.3) 0.102
Bladder irrigation 12(75.0) 26(40.6) 0.014
Parenteral nutrition 3(18.8) 7(10.9) 0.410
Enema 8(50.0) 28(43.8) 0.653
Prior linezolid 0 0 NA

Prior carbapenems 2(12.5) 5(7.8) 0.553
Prior cephalosporins 12(75.0) 41(64.1) 0.408
Prior aminoglycosides 2(125) 10(15.6) 1.000
Polymicrobial infection 6(37.5) 21(32.8) 0.723

Data are presented as number ( % ) unless otherwise specified. LRE, linezolid-resistant Enterococcus; LSE, linezolid-susceptible Enterococcus; NA,
not available.
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Table 3  Univariate analysis of risk factors for community-acquired LRE infection

Risk factor LRE(n=17) LSE ( n=68 ) P value
Female 3(17.6) 17(25.0) 0.751
Elderly ( = 60 years ) 5(29.4) 33(48.5) 0.156
Prior hospital admission 8(47.1) 19(27.9) 0.130
Diabetes mellitus 3(17.6) 17(25.0) 0.751
Urinary disease 14(82.4) 58(85.3) 0.718
Malignant tumor 4(23.5) 5(7.4) 0.074
Hypoproteinemia 5(29.4) 2(2.9) 0.003
Surgery in the last 6 months 6(353) 19(27.9) 0.552
Urinary catheter 2(11.8) 5(74) 0.623
Fistula formation 2(11.8) 6(88) 0.658
Chemotherapy drugs 2(11.8) 3(4.4) 0.260
Polymicrobial infection 5(29.4) 4(5.9) 0.014

Data are presented as number ( % ) unless otherwise specified. LRE, linezolid-resistant Enterococcus; LSE, linezolid-susceptible Enterococcus.
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