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Abstract

Background

We applied an in vitro model to evaluate the efficacy of a heparinized 40% ethanol-based

lock solution in a wide variety of clinical isolates causing C-RBSI.

Methods

A total of 100 clinical strains were collected retrospectively from the blood of patients with

C-RBSI. The reduction in biomass and metabolic activity of biofilms was measured using

the crystal violet (CV) assay and XTT assay, respectively. Regrowth inhibition (RI) was mea-

sured within 24 hours and 72 hours of ethanol lock therapy. Percentage reduction of� 85%

in RI was considered to be successful.

Results

Ethanol lock was more effective in reducing metabolic activity than in reducing biomass

(83% vs. 50%, respectively). Percentages of RI diminished as regrowth was prolonged

(57% for 24 hours and 17% for 72 hours of regrowth). No statistically significant intraspecies

differences were found in biofilm reduction or in RI (p>0.05).

Conclusions

The use of heparinized 40% ethanol lock solution for 72 hours significantly reduced biomass

and metabolic activity in clinical isolates from patients with C-RBSI. However, as biofilm has

an important regrowth rate, 40% ethanol solution was not able to fully eradicate biofilm in

vitro.
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Introduction

Catheter-related bloodstream infection (C-RBSI) is one of the most problematic nosocomial

infections, with high rates of morbidity and mortality, high associated costs, and prolonged

hospital stays in patients with long-term catheters that cannot be removed [1, 2]. The main

causative agents of C-RBSI are gram-positive cocci, gram-negative bacilli, and yeasts, owing to

their capacity to form robust biofilms on the catheter surface [3, 4].

When C-RBSI is suspected, guidelines recommend catheter withdrawal [5]. However, patients

with long-term catheters and no alternative central access have to maintain their catheter in place

[6]. In these cases, the main approach is to use conservative treatments based on the application of

intravenous antibiotics combined with antibiotic lock therapy [1]. In a recent study published by

Freire et al., ALT was successful in 75.9% of cancer patients, with an improvement in patient out-

come [7]. However, increasing antimicrobial resistance rates are making antibiotic lock therapy

less eligible; therefore, many other lock solutions are being tested [6, 8, 9].

Ethanol has high anti-biofilm activity. It is also easy to use and cost-effective, with no

reports of associated resistance with promising results in clinical trials showing catheter sal-

vage rates of between 71% and 100% [10–13]. Ethanol lock has been used widely for prophy-

lactic proposes in C-RBSI [11, 12, 14, 15]. However the use of ethanol lock solutions for

C-RBSI treatment is scarce [16]. Moreover, these solutions still have some controversies

regarding dose, time of treatment, combination with anticoagulants and adverse effects [17,

18]. Hence, this study demonstrated that in an in vitro model ethanol at a relatively low con-

centration, such as 40% can be combined with heparin and can be effective in controlling

C-RBSI. However, this study represents the first step in this kind of research as it. This solution

must be evaluated in an in vivo model such as a murine model to analyse its efficacy and safety

in vivo before being applied in clinical trials, which would be the last step of evaluation. Thus,

our study opens new ways for ethanol lock solution research.

In a previous study by our group, a solution of 40% ethanol combined with 60 international

units of heparin proved highly active against bacterial and fungal biofilms in ATCC strains

[19]. However, the behavioral characteristics of ATCC strains differ from those of clinical

strains [20]. Therefore, we applied an in vitro model to test the efficacy of a heparinized etha-

nol-based lock solution in a wide variety of clinical strains isolated from patients with C-RBSI.

Hence, our study is the first to describe the efficacy of 40% ethanol-heparin lock solution in a

large sample of clinical strains.

Materials and methods

Strains

A total of 100 clinical strains were collected retrospectively from the blood of patients with

C-RBSI. Their distribution was as follows: 20 Staphylococcus aureus (10 methicillin-susceptible

S. aureus and 10 methicillin-resistant S. aureus), 20 coagulase-negative staphylococci (CoNS)

(10 S. epidermidis), 20 Escherichia coli, 20 Enterococci spp. (10 E. faecium and 10 E. faecalis),
and 20 Candida albicans.

Biofilm formation

Biofilms were grown as described in our previous study [19]. Briefly, a loopful of fresh culture

was inoculated in 20 ml of medium and incubated at 30˚C with shaking overnight. After 3

cycles of centrifugation-resuspension with PBS, inocula were adjusted to 0.5 or 0.35 McFar-

land for bacteria and yeast, respectively. One hundred microliters of each suspension were

placed in a polypropylene 96-well microtiter plate and incubated at 37˚C for 24 hours. Fresh
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medium (Sigma-Aldrich, Spain) was used as a negative control. Plates (Francisco Soria, Spain)

were washed 3 times with PBS. All strains were tested in triplicate.

Ethanol lock treatment

Each well was treated with 120 μl of 40% ethanol and 60 international units of heparin (heparin

sodium, 5,000 IU/5 ml, Hospira Prod. Farm. y Hosp, S.L.) plus 120 μl of medium at 37˚C for

72 hours. Positive controls were treated only with 120 μl of fresh medium. Ethanol solution

and medium were replaced every 24 hours.

Biomass reduction assay

Reduction in biofilm biomass was evaluated using crystal violet (CV) dye. After ethanol treat-

ment, plates were washed 3 times with PBS. After plates were completely dry, 200 μl of 99%

methanol were added for 10 minutes at room temperature. Methanol was discarded, and 125 μl

of 0.1% CV was added for 10 minutes at room temperature. Plates were washed with distilled

water, and fixed CV was released using 125 μl of 30% acetic acid for 15 minutes. The volume was

transferred to a new plate, and absorbance (550 nm) was measured in a spectrophotometer (Bio-

chrom EZ Read 400, Mervilab, Spain). The percentage of reduction was calculated using Eq 1.

%reduction in biomass ¼ 1 �
Abs550 treated sample

Abs550 positive control

 !

� 100

Eq 1. Percentage of biomass reduction after ethanol lock therapy.

Metabolic activity reduction assay

Plates were washed 3 times with PBS, and metabolic activity was measured by adding 100 μl of a

premixed solution of 10 ml of XTT (0.5 mg/ml) (Sigma-Aldrich, Spain) with 40 μl of menadione

(1.72 mg/ml) (Sigma-Aldrich, Spain) protected from light. Plates were incubated at 37˚C for 2

hours, and absorbance was measured at 492 nm in a spectrophotometer (Biochrom EZ Read 400,

Mervilab, Spain). The percentage of reduction in metabolic activity was calculated using Eq 2.

%reduction in metabolic activity ¼ 1 �
Abs492 treated sample

Abs492 positive control

 !

� 100

Eq 2. Percentage of reduction in metabolic activity after ethanol lock therapy.

Regrowth inhibition

After ethanol therapy was administered and wells were washed 3 times with PBS, 100 μl of

fresh medium was added and incubated for 24 hours and 72 hours at 37˚C. The medium was

replaced every 24 hours. Absorbance was measured at 492 nm, and the percentage of regrowth

inhibition (RI) for each incubation period was calculated using Eq 3.

%RI ¼
Abs492 positive control � Abs492 treated sample

Abs492 positive control

 !

� 100

Eq 3. Percentage of regrowth inhibition within 24 and 72 hours after ethanol lock therapy.

Ethanol and lock therapy

PLOS ONE | https://doi.org/10.1371/journal.pone.0219098 July 8, 2019 3 / 9

https://doi.org/10.1371/journal.pone.0219098


Statistical analyses

Data were expressed as mean (SD) for percentage reduction in biomass, metabolic activity,

and RI. We considered a percentage of�85% as successful RI according to clinical data on the

success of antibiotic lock therapy [21].

Quantitative variables were compared using an ANOVA test and Games-Howell post hoc

test. Qualitative variables were compared using the chi-square test. Statistical significance was

set at p<0.05. All tests were performed using the statistical program SPSS 21.0 (IBM).

Results

Ethanol lock solution was successful in decreasing biomass and metabolic activity in 50% and

83% of cases, respectively. Table 1 describes the distribution of all bacteria and fungal species

in which treatment was successful. Ethanol showed better anti-biofilm activity for XTT than

for CV in all species.

The overall percentages of reduction for CV and XTT assays are shown in Fig 1A. Percent-

ages ranged between 47.5% (C. albicans) and 95.2% (Enterococci sp.) (p<0.001) for biomass

reduction and 84.8% (S. aureus) and 100% (E. coli) (p<0.001) for metabolic activity reduction.

No statistically significant intraspecies differences were found (p>0.05) (Fig 1B).

As for RI after ethanol lock, rates decreased for all strains from 57% to 17% of success

within 24 hours and 72 hours, respectively (Table 2). After 24 hours of regrowth, inhibition

ranged from 98.5% (C. albicans) to 36.8% (Enterococci sp.) (p<0.001). In contrast, when

regrowth was assessed within 72 hours, percentages of inhibition varied between 81.2% (S.

aureus) and 29.4% (Enterococci sp.) (p<0.001). RI for S. aureus was�80% in both periods.

Fig 1C shows the overall results for RI. No statistical intraspecies differences were found at

24 hours or at 72 hours after ethanol lock therapy (p>0.05) (Fig 1D).

Discussion

We found that 40% ethanol plus 60 IU of heparin was able to reduce metabolic activity by up

to 85% in 5 of the most causative agents of C-RBSI after 72 hours of locking. However, these

strains were able to regrow within 72 hours after ethanol therapy.

Although the frequency of C-RBSI has decreased in the last decade, this condition still rep-

resents a huge challenge in clinical settings, with high associated costs (€18,000€/episode),

high mortality (up to 25%), and longer hospitalizations [22, 23]. Thus, research has focused on

prophylaxis and treatment of C-RBSI in patients with no possibility of catheter replacement

Table 1. Distribution of strains in which 40% ethanol-60 IU heparin lock solution for 72 hours proved successful.

Microorganism Success rate�, N (%)

CV XTT

S. aureus (N = 20) 7 (35) 8 (40)

CoNS (N = 20) 5 (25) 16 (80)

Enterococci sp. (N = 20) 19 (95) 19 (95)

E. coli (N = 20) 19 (95) 20 (100)

C. albicans (N = 20) 0 (0) 20 (100)

Total (N = 100) 50 (50) 83 (83)

IU; international units; CV, crystal violet; XTT, 2,3-Bis-(2- methoxy 4-nitro-5-sulfophenyl)-2H-

tetrazolium5-carboxanilide salt; CoNS, coagulase-negative staphylococci.

�Success rate was set as�85%.

https://doi.org/10.1371/journal.pone.0219098.t001
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using different agents as lock therapy [24]. Antibiotics are the most common agent for lock

therapy [25]. However, overuse of antibiotics is increasing the frequency of multidrug-resis-

tant strains [6]. Ethanol has been proposed as an alternative to antibiotics in lock therapy [12,

Fig 1. Percentage reduction of biomass and metabolic activity and percentage of regrowth inhibition of biofilms after 72-hour treatment of 40% ethanol

combined with 60 international units (IU) of heparin. A) Overall percentage reduction in biomass and metabolic activity after 72-hour treatment with heparinized

40% ethanol lock solution. B) Percentage reduction in biomass and metabolic activity after 72-hour treatment with heparinized 40% ethanol lock solution according to

species. C) Overall percentage of regrowth inhibition within 24 hours and 72 hours after 72-hour treatment with heparinized 40% ethanol lock solution. D) Percentage

of regrowth inhibition within 24 hours and 72 hours after 72-hour treatment with heparinized 40% ethanol lock solution according to species. CV, crystal violet; XTT,

2,3-Bis-(2- methoxy 4-nitro-5-sulfophenyl)-2H-tetrazolium5-carboxanilide salt; CoNS, coagulase-negative staphylococci; MRSA, methicillin-resistant Staphylococcus
aureus; MSSA, methicillin-susceptible Staphylococcus aureus.

https://doi.org/10.1371/journal.pone.0219098.g001

Table 2. Percentages of success in regrowth inhibition (RI) after 40% ethanol-60 IU heparin lock solution for 72

hours.

Microorganism Success rate� of RI, N (%)

24 hours 72 hours

S. aureus (N = 20) 13 (65) 10 (50)

CoNS (N = 20) 12 (60) 1 (5)

Enterococci sp. (N = 20) 1 (5) 0 (0)

E. coli (N = 20) 11 (55) 4 (20)

C. albicans (N = 20) 20 (100) 2 (10)

Total (N = 100) 57 (57) 17 (17)

CoNS, coagulase-negative staphylococci.

�Success rate for RI was set as�85%.

https://doi.org/10.1371/journal.pone.0219098.t002
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13]. However, most clinical studies used 70% ethanol, which shows important adverse effects

such as ethanol taste, nausea, dizziness, rupture of catheter lumen, or catheter occlusion [17].

In our previous study, we demonstrated that 40% ethanol for 72 hours was sufficient to reduce

the metabolic activity of biofilm in ATCC strains [19]. Furthermore, this concentration of

alcohol can be safely combined with heparin, which is required for locks of 24 hours or more

[19]. In our study we demonstrated that this ethanol solution is also efficient in reducing bio-

films of C-RBSI clinical isolates.

Our results are consistent with those of other in vitro studies. Öncü et al. reported the anti-

biofilm activity of 40% ethanol in Candida species [26]. Using 1 cm of silicon catheter, the

authors demonstrated that 40% ethanol was able to inhibit growth of clinical C. albicans iso-

lates in Sabouraud dextrose agar within 30 minutes [26]. Using the XTT assay, Peters et al.,
[27] reported complete inhibition of metabolic activity with 40% ethanol for 4 hours in C. albi-
cans and S. aureus prototype strains. Moreover, Chaudhury et al. and Qu et al., did not recover

any colonies of S. aureus or CoNS after 1 hour of 40% ethanol lock therapy [28, 29]. In the case

of gram-negative bacilli, Chamber et al., showed bactericidal effects when 30%-90% ethanol

was applied to mature biofilms for 8 hours [30].

While very impressive in terms of reduced metabolic activity, our results show that

regrowth inhibition was low in almost all the tested species within 24 hours and 72 hours after

ethanol lock therapy. Regrowth of almost all the strains did not achieve a 100% reduction,

except for E. coli, which showed a 95.1% reduction in biomass, suggesting that some metaboli-

cally active cells were still able to resuscitate after the addition of fresh medium. This phenome-

non, known as viable but non-culturable (VBNC) cells, remains markedly challenging for

clinicians and accounts for the high rates of treatment failure [31]. We hypothesize that this

kind of cell could be present in all tested strains, as the factors inducing this cellular state

include environmental stress and changes in pH, both of which are associated with exposure

to ethanol [32–34]. Moreover, percentages of reduction in biomass and metabolic activity

differed substantially, thus supporting the conversion of active cells to VBNC cells. Although

the CV and XTT assays are complementary for biofilm characterization [35], CV can dye via-

ble cells that cannot be detected using XTT, as they are metabolically inactive. Furthermore,

Parasuraman et al. have demonstrated in a new study that confocal microscopy could be very

useful in evaluating the cell viability which would be very useful for detecting VBNC cells and

hence, the real efficacy of ethanol lock solution [36]. The authors also demonstrated the useful-

ness of nanoparticles for inhibiting biofilm formation and extracellular matrix production

[36]. The use of ethanol encapsulated in nanoparticles could improve ethanol penetration

in the inner layers of biofilms and thus, eradicating the biofilm and completely inhibit cell

regrowth.

To the best of our knowledge, this is the first in vitro study to describe the anti-biofilm activ-

ity of ethanol in such a large collection of clinical C-RBSI strains, with the novelty of adding

heparin in the lock solution. Furthermore, given that ethanol lock therapy has not previously

been reported to be efficacious for Enterococci sp., our findings provide new insight into the

treatment of C-RBSI.

Our study is subject to limitations. First, the in vitro model does not mimic clinical condi-

tions and is subject to high biological variations even between wells [37]. However, this system

is ideal for screening purposes and for testing different antibiotics and disinfectants in a large

numbers of strains simultaneously [37]. Second, we did not count colony-forming units,

although our results are similar to those obtained by other authors [26, 28, 29]. Third, we only

studied the efficacy of ethanol lock therapy in monomicrobial biofilms and it would be neces-

sary to assess this efficacy in polymicrobial biofilms due to the clinical relevance that they

represent.
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In conclusion, our results provide a good preliminary insight into the effect of 40% ethanol-

60 IU heparin as lock solution for C-RBSI. Although future studies are needed to improve eth-

anol penetration and its action in VBNC cells, this lock solution could be an alternative to con-

servative antibiotic lock therapy solutions for maintaining catheters until they can be replaced.
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References
1. Chaves F, Garnacho-Montero J, Del Pozo JL, Bouza E, Capdevila JA, de Cueto M, et al. Executive

summary: Diagnosis and Treatment of Catheter-Related Bloodstream Infection: Clinical Guidelines of

the Spanish Society of Clinical Microbiology and Infectious Diseases (SEIMC) and the Spanish Society

of Intensive Care Medicine and Coronary Units (SEMICYUC). Enferm Infecc Microbiol Clin. 2018; 36

(2):112–9. https://doi.org/10.1016/j.eimc.2017.10.019 PMID: 29412895

Ethanol and lock therapy

PLOS ONE | https://doi.org/10.1371/journal.pone.0219098 July 8, 2019 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219098.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219098.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219098.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219098.s004
https://doi.org/10.1016/j.eimc.2017.10.019
http://www.ncbi.nlm.nih.gov/pubmed/29412895
https://doi.org/10.1371/journal.pone.0219098


2. Dibb MJ, Abraham A, Chadwick PR, Shaffer JL, Teubner A, Carlson GL, et al. Central Venous Catheter

Salvage in Home Parenteral Nutrition Catheter-Related Bloodstream Infections: Long-Term Safety and

Efficacy Data. JPEN J Parenter Enteral Nutr. 2016; 40(5):699–704. https://doi.org/10.1177/

0148607114549999 PMID: 25224728

3. Rodriguez-Creixems M, Munoz P, Martin-Rabadan P, Cercenado E, Guembe M, Bouza E. Evolution

and aetiological shift of catheter-related bloodstream infection in a whole institution: the microbiology

department may act as a watchtower. Clin Microbiol Infect. 2013; 19(9):845–51. https://doi.org/10.

1111/1469-0691.12050 PMID: 23565810

4. Gominet M, Compain F, Beloin C, Lebeaux D. Central venous catheters and biofilms: where do we

stand in 2017? Apmis. 2017; 125(4):365–75. https://doi.org/10.1111/apm.12665 PMID: 28407421

5. Mermel LA, Allon M, Bouza E, Craven DE, Flynn P, O’Grady NP, et al. Clinical practice guidelines for

the diagnosis and management of intravascular catheter-related infection: 2009 Update by the Infec-

tious Diseases Society of America. Clin Infect Dis. 2009; 49(1):1–45. https://doi.org/10.1086/599376

PMID: 19489710

6. Vassallo M, Dunais B, Roger PM. Antimicrobial lock therapy in central-line associated bloodstream

infections: a systematic review. Infection. 2015; 43(4):389–98. https://doi.org/10.1007/s15010-015-

0738-1 PMID: 25657033

7. Freire MP, Pierrotti LC, Zerati AE, Benites L, da Motta-Leal Filho JM, Ibrahim KY, et al. Role of Lock

Therapy for Long-Term Catheter-Related Infections by Multidrug-Resistant Bacteria. Antimicrob Agents

Chemother. 2018;62(9).

8. Chaftari AM, Hachem R, Szvalb A, Taremi M, Granwehr B, Viola GM, et al. A Novel Nonantibiotic Nitro-

glycerin-Based Catheter Lock Solution for Prevention of Intraluminal Central Venous Catheter Infec-

tions in Cancer Patients. Antimicrob Agents Chemother. 2017; 61(7).

9. Bhatt S, Mehta P, Chen C, Daines DA, Mermel LA, Chen HL, et al. Antimicrobial Efficacy and Safety of

a Novel Gas Plasma-Activated Catheter Lock Solution. Antimicrob Agents Chemother. 2018; 62(8).

10. Broom J, Woods M, Allworth A, McCarthy J, Faoagali J, Macdonald S, et al. Ethanol lock therapy to treat

tunnelled central venous catheter-associated blood stream infections: results from a prospective trial.

Scand J Infect Dis. 2008; 40(5):399–406. https://doi.org/10.1080/00365540701756953 PMID: 18418801

11. Metcalf SC, Chambers ST, Pithie AD. Use of ethanol locks to prevent recurrent central line sepsis. J

Infect. 2004; 49(1):20–2. https://doi.org/10.1016/j.jinf.2003.08.010 PMID: 15194244

12. Tan M, Lau J, Guglielmo BJ. Ethanol locks in the prevention and treatment of catheter-related blood-

stream infections. Ann Pharmacother. 2014; 48(5):607–15. https://doi.org/10.1177/

1060028014524049 PMID: 24554477

13. Rajpurkar M, McGrath E, Joyce J, Boldt-MacDonald K, Chitlur M, Lusher J. Therapeutic and prophylac-

tic ethanol lock therapy in patients with bleeding disorders. Haemophilia. 2014; 20(1):52–7. https://doi.

org/10.1111/hae.12241 PMID: 23906245

14. Broom JK, Krishnasamy R, Hawley CM, Playford EG, Johnson DW. A randomised controlled trial of

Heparin versus EthAnol Lock THerapY for the prevention of Catheter Associated infecTion in Haemo-

dialysis patients—the HEALTHY-CATH trial. BMC Nephrol. 2012; 13:146. https://doi.org/10.1186/

1471-2369-13-146 PMID: 23121768

15. Worth LJ, Slavin MA, Heath S, Szer J, Grigg AP. Ethanol versus heparin locks for the prevention of cen-

tral venous catheter-associated bloodstream infections: a randomized trial in adult haematology

patients with Hickman devices. J Hosp Infect. 2014; 88(1):48–51. https://doi.org/10.1016/j.jhin.2014.06.

007 PMID: 25063013

16. Blackwood RA, Issa M, Klein K, Mody R, Willers M, Teitelbaum D. Ethanol Lock Therapy for the Treat-

ment of Intravenous Catheter Infections That Have Failed Standard Treatment. J Pediatric Infect Dis

Soc. 2017; 6(1):94–7. https://doi.org/10.1093/jpids/piv060 PMID: 26501466

17. Mermel LA, Alang N. Adverse effects associated with ethanol catheter lock solutions: a systematic

review. J Antimicrob Chemother. 2014; 69(10):2611–9. https://doi.org/10.1093/jac/dku182 PMID:

24891431

18. Perez-Granda MJ, Barrio JM, Munoz P, Hortal J, Rincon C, Rabadan PM, et al. Ethanol lock therapy

(E-Lock) in the prevention of catheter-related bloodstream infections (CR-BSI) after major heart surgery

(MHS): a randomized clinical trial. PLoS One. 2014; 9(3):e91838. https://doi.org/10.1371/journal.pone.

0091838 PMID: 24675993
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