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ABSTRACT 

A vascular catheter may be saved if an intraluminal antibiotic lock treatment is used in the 

case of catheter-related bloodstream infections. These recently developed antibiotics were 

compared to the older antibiotics vancomycin and minocycline against methicillin-resistant 

Staphylococcus aureus (MRSA) embedded in biofilms in this in vitro study. We examined 

the emergence of MRSA after four hours of daily catheter lock therapy that was resistant to 

these antibiotics alone and with rifampin. Compared to linezolid, vancomycin, and the 

negative control, minocycline, daptomycin, and tigecycline are more effective at inhibiting 

MRSA in biofilms after the first day of exposure (P 0.001), with minocycline being the most 

active and daptomycin and tigecycline having weak activity, similar to the negative control. 

Among the antibiotics tested, daptomycin was the fastest in eliminating MRSA from biofilm 

after three days of exposure for 4-hour periods, followed by minocycline and tigecycline, 

which were faster than linezolid, rifampin, and vancomycin (P 0.001). After five days of 

exposure to MRSA continuously for four hours each day, rifampin alone was least effective 

at eradicating MRSA from biofilms because it promoted rifampin-resistant MRSA growth. It 

has been found that when rifampin is combined with additional antibiotics, the combination is 

far more effective at eliminating MRSA colonization than any single antibiotic alone. 

Daptomycin, minocycline, and tigecycline lock therapy also needs to be researched, as should 

the potential for rifampin's antistaphylococcal activity as a single agent, but not as a 

combined solution. 

KEYWORDS: Vancomycin, Minocycline against methicillin-resistant Staphylococcus 

aureus (MRSA), Daptomycin. 
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INTRODUCTION  

A catheter-related bloodstream infection (CRBSI) occurs when methicillin-resistant 

staphylococci colonise the central venous catheter (CVC). Such colonisation occurs when 

staphylococci attach themselves to the biofilm layer in the catheter lumen. Recently, 

guidelines recommend antibiotic catheter lock therapy (ALT) as a means of preventing or 

treating CRBSI in high-risk patients because of the cost, difficulty, and complications 

associated with the removal of a long-term CVC and the insertion of a new one at a different 

site (16). 

In order to treat intraluminal ALT, there are a number of medications that are active against 

methicillin-resistant Staphylococcus aureus (MRSA). We suggest using these medications (6, 

8, 10, 14, 27). As MRSA organisms bury in biofilm on catheter surfaces and become resistant 

to glycopeptides, such as vancomycin in suspension, resistance develops (6, 8, 9, 23, 27). By 

using an in vitro silicone disc biofilm colonization model, we determined if new treatments 

(daptomycin, linezolid, and tigecycline) could be as effective against catheter-related 

bacteremic MRSA embedded in biofilm as older therapies (vancomycin, minocycline, and 

rifampin). Also, we examined the potential for antibiotic resistance to develop under daily 

catheter lock therapy, either alone or in combination with rifampin. 

MATERIALS AND METHODS SYNOPSIS 

Antibacterial properties are present in biofilms. A silicone disc biofilm colonisation in vitro 

model (13), used to test antibiotic efficacy in eradicating MRSA embedded in biofilms, was 

used to test different antibiotics' efficacy (14). Incubation at 37 degrees Celsius with shaking 

of silicon discs and human plasma was performed for 24 hours. Inoculating 1 ml of bacterial 

inoculum into the plasma and shaking it for 24 hours at 37°C inoculated the plasma with 

bacteria. For making the bacterial inoculum (MHB), 30 MRSA isolates that had produced 

CRBSI in Mueller-Hinton broth were diluted to 5.5 105 cells/ml. Four different organisms 

were tested against each drug. As soon as they were removed from the infected broth, the 

silicone discs were soaked in 0.9% saline wash for 30 minutes. 

In the following step, the silicone discs were placed in new tubes containing MHB or 2-

mg/ml solutions of the following drugs: I daptomycin (supplemented with 50 mg/liter 

calcium), II linezolid, III minocycline, IV tigecycline, V rifampin, VI vancomycin. A 24 hour 

incubation at 37°C was followed by submersion in 0.9 percent saline and subsequent 

sonication for 15 minutes. After vortexing for 30 seconds, the tubes were incubated overnight 

at 37°C in Trypticase soy agar with 5% sheep blood and 100 l of saline. A dilution factor was 

taken into account when calculating the final counts of the colonies.. 

On a daily basis, antibiotic lock is activated. 

We repeated this procedure for 10 MRSA isolates, immersing the colonized discs every day 

in a drug solution for four hours, followed by incubating the discs for 24 hours at 37°C to test 

the antibiotics' cyclic short-term applications in a manner that mimics daily antibiotic 

catheterization. Five days of treatment were required for this treatment. Each silicone disc 

was treated with antibiotics for 4 hours per day, either alone or together with rifampin. After 

incubating the silicone discs for four hours, four to six from each group were cultured as 

described above. Following this, the remaining silicone discs were re-incubated in MHB for 

24 hours before receiving the same antibiotic alone or combined with rifampin for five days. 
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Tests to determine a person's susceptibility to certain diseases are known as susceptibility 

tests. In this study, MICs (minimum inhibitory concentrations) were determined for 10 

MRSA isolates after exposure to all six antibiotics on a daily basis (as determined by CLSI 

(formerly NCCLS) recommended method) (18). Before exposure, MICs were taken prior to 

day 5 of growth. Daily MICs were taken thereafter until the end of growth day. It was 

assumed that diminished susceptibility was present if the MIC was four-fold higher than 

baseline after repeated exposures. 

Statistical methods. 

Kruskal-Wallis was used to determine whether biofilms in catheters had any inhibitory 

effects on MRSA (measured by the number of CFU). A significance level of less than 0.05 

means that the difference is statistically significant. When Wilcoxon rank sum tests produced 

significant results between pairwise comparisons, we used them to discover significant 

differences. A sequential Bonferroni adjustment procedure was used to adjust the levels of 

post hoc pairwise comparisons to control for type 1 error. We used SPSS for Windows 

(version 12.0; SPSS, Inc., Chicago, IL) to perform the calculations. 

RESULTS 

After exposing MRSA in biofilms to minocycline, daptomycin, and tigecycline for 24 hours, 

all three antibiotics were significantly more effective at reducing MRSA than linezolid, 

vancomycin, and the negative control (all P values 0.001). Daptomycin and tigecycline were 

the next two most potent antibiotics (all P values 0.022), followed by minocycline. In a 24-

hour exposure to vancomycin and linezolid, the biofilm growth of MRSA was not affected, 

and both drugs were indistinguishable from the broth control. 

The daptomycin treatment yielded a significant reduction in biofilm colonisation by day 3 in 

comparison with linezolid, rifampin, and vancomycin after a short-term daily exposure of 4 

hours (4 hours) per day. Fig. 1 illustrates this. The tigecycline treatment eliminated MRSA in 

biofilm after 3 brief 4-hour daily exposures. However, after 5 exposures, the MRSA persists 

in biofilm after rifampin, linezolid, and vancomycin are all considered significant. 

Compared to other antibiotics, rifampin was a unique medication. The use of rifampin 

decreased the microbial burden of MRSA colonisation in biofilms on day 1 after an exposure 

lasting 4 hours. Following daily exposures of 4 hours for 5 days, rifampin was the least 

effective of all tested antibiotics, including linezolid and vancomycin (all P values were 

0.01). 

Rifampin alone on a daily basis was not able to decrease the MRSA microbial load in 

biofilms (Table 1.1) when used alone. A total of seven of the nine MRSA isolates that were 

initially highly sensitive to rifampin later developed resistance(Table (Table1.1)1). One 

MRSA isolate showed decreased linezolid susceptibility and three others showed reduced 

susceptibility. The susceptibilities to other antibiotics did not change, in particular 

daptomycin, minocycline, and tigecycline, which all prevented biofilm formation after three 

days of cyclic exposure (Fig. 1). 

TABLE 1:MIC comparison of MRSA strains on day 1 and day 5 

MRSA strain MICa (μg/ml) for indicated antibiotic and day 
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Rifampin Linezolid 

Day 1 Day 5 Day 1 Day 5 

4803 <0.06 128 0.5 NG 

4913 128 128 0.5 8 

4930 <0.06 <0.06 0.5 NG 

5098 <0.06 128 0.25 4 

5004 <0.06 128 0.5 NG 

859 <0.06 32 0.5 2 

4875 <0.06 128 0.5 NG 

4342 <0.06 128 1 NG 

293 <0.06 128 1 NG 

789 <0.06 NG 0.5 NG 

 

On day 1 of treatment with varied combinations of rifampin after four hours of exposure, 

MRSA biofilms on 10 MRSA isolates were 100 percent eradicated with rifampin combined 

with daptomycin, minocycline, or tigecycline. Rifampin was shown to work synergistically 

with vancomycin or linezolid in eradicating MRSA in biofilms following four hours of daily 

exposure. This suggests that rifampin is efficient at eradicating MRSA in biofilms in 

combination with these antibiotics. 

DISCUSSION 

According to this study, diptomycin, minocycline, and tigecycline inhibited MRSA germs 

that had hidden within a biofilm significantly better than vancomycin or linezolid. Rifampin 

is the least effective antibiotic for reducing biofilm colonization of MRSA after five 

consecutive days of daily four-hour exposure to it. The eradication of MRSA colonisation in 

biofilms was, however, accelerated when rifampin was combined with other antibiotics. 

ALT was recommended (16) for the salvage of CVC associated with CRBSI by the Infectious 

Diseases Society of America (IDSA). In contrast, these recommendations took no 

consideration of what antibiotics are more effective for biofilm conditions or how long drugs 

should be locked in. It's not realistic or feasible for patients to stay in the hospital for more 

than 12 hours. Antibiotics for ALT are typically selected in part based on the susceptibility of 

microorganisms in suspension, which may or may not indicate that an antibiotic is effective 

against the same microorganisms embedded in biofilms. 
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According to previous research, vancomycin does not eradicate MRSA germs trapped in 

biofilm. It has been found that vancomycin has a limited effect on staphylococci in biofilms 

(6, 8, 9, 19, 27). In spite of several clinical trials showing promising results, antibiotic and 

heparin use for ALT in staphylococcal CRBSI has been associated with low salvage rates (1, 

12, 15). Additionally, extended vancomycin therapy for CRBSI related to MRSA has been 

associated with development of vancomycin-resistant S. aureus (3). This means that 

vancomycin alone may not be the best treatment option for ALT that regularly results in 

catheter salvage. 

There was also linezolid resistance in isolates of MRSA embedded in biofilms attached to 

silicone discs. In vitro studies had also shown this resistance. Staphylococcus epidermidis can 

be effectively treated with linezolid after a dwell time of over 72 hours, which is not typically 

feasible therapeutically (6). Linezolid and vancomycin did not affect staphylococci within 

biofilms, as reported by Wiederhold et al. (27). It may be less desirable to use linezolid alone 

as a catheter lock solution due to MRSA isolates with less susceptibility to linezolid after 

repeated daily exposure. 

The antibiotic minocycline however, is exceptionally effective against biofilm-encrusted 

isolates of MRSA. As compared with vancomycin or vancomycin combined with heparin, 

minocycline was less effective in colonizing Staphylococcus aureus and S. epidermidis on 

catheter surfaces in an in vitro model (20). By adding EDTA, minocycline demonstrated even 

greater antistaphylococcal activity in the same in vitro model. It was successful in removing 

staphylococcal organisms embedded within biofilm (20) when minocycline and EDTA were 

combined (20). CRBSI and colonisation risk were lower with minocycline-EDTA after 

clinical trials (2) and (5) in patients receiving hemodialysis or paediatric cancer treatment, 

respectively. 

Rifampin was significantly improved by adding it to minocycline in this study. All 10 isolates 

of bacteremic bacteria were totally prevented from colonizing biofilm with MRSA by the 

combination of minocycline and rifampin. In an in vitro study using a modified Robbins 

device (23), the enhanced efficiency against MRSA bacteria trapped in biofilm was 

demonstrated previously. Moreover, multiple prospective, randomised clinical trials showed 

that minocycline and rifampin coated catheters were much more effective in preventing 

CRBSI (4, 7, 11, 22) than uncoated catheters or non-antiseptic catheters. Thus, minocycline 

may be extremely effective to avoid staphylococcal colonisation of the CVC in ALT, whether 

alone or in combination with other antistaphylococcal enhancers such as EDTA and rifampin. 

A derivative of minocycline, tatecycline inhibits the growth of staphylococci in biofilms and 

MRSA (19). Tygecycline was more efficacious than daptomycin in a systemic murine model 

and as effective as vancomycin (19). 

Additionally, daptomycin was effective in eliminating MRSA from biofilms. Daptomycin 

kills germs faster than vancomycin or linezolid (10), as indicated by time-kill tests. Because 

calcium chelators require high calcium concentrations simultaneously, it is not suitable for 

use with antibiotic enhancers and calcium chelators like EDTA. It can also be used with 

heparin for optimal results. MRSA biofilms grow faster when heparin is used, on the other 

hand (25). 

After 4 hours or 24 hours of exposure to rifampin, silicone discs were significantly less likely 

to colonize with MRSA. Despite daily rifampin exposure over a 5-day period, most MRSA 

isolates developed resistance to rifampin (Table (Table2)1), and colonisation of MRSA was 

maintained despite daily rifampin treatments (Figures 2B2B and 3A and B). Studies (9, 23, 
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24) have shown that rifampin reduces staphylococci colonization on catheter surfaces trapped 

within biofilms. Other studies have linked repeated exposure to rifampin to staphylococcal 

resistance (17, 26). As long as other antibiotics were administered with rifampin, rifampin 

resistance did not develop (17). 

Using rifampin together with other antibiotics was found to be highly effective in the present 

study in eliminating MRSA colonisation on silicone disc surfaces. Figure 1. A rifampin 

combination prevented the acquisition of resistance to all antibiotics, including linezolid 

against MRSA buried in biofilms. Vancomycin, minocycline, ciprofloxacin, fusidic acid, and 

clindamycin have been reported to have increased antistaphylococcal activity against 

staphylococci buried in biofilm (23, 24). Saginur et al. analyzed antibiotic combination 

therapy for staphylococci-induced biofilms (24) and found rifampin to be the most common 

component. Therefore, rifampin is most effective when used in conjunction with other 

antistaphylococcal agents against staphylococci embedded in biofilm. 

CONCLUSION 

As a final point, antibiotics administered under the ALT protocol are effective against 

infections caused by biofilms. As compared to minocycline, daptomycin, and tigecycline, 

vancomycin and linezolid were significantly less effective in the treatment of MRSA trapped 

in biofilms. Rifampin failed to eliminate MRSA colonization in biofilm when used for 4 

hours on a daily basis in a model that mimicked antibiotic catheter lock solution. Rifampin, 

however, can be used to enhance the effectiveness of antibiotics against staphylococcal 

bacteria. Combining it with other antibiotics allowed MRSA to be rapidly eliminated from 

biofilms. 
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