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Abstract: We tested the bioactivity of a dalbavancin + heparin (DH) vs. dalbavancin (D) against biofilms of
Staphylococcus aureus ATCC43300 (MRSA) and Staphylococcus epidermidis ATCC35984 (MRSE) comparing
DH median value of cfu counts and metabolic activity with that obtained for D before and during storage under
freezing up to 6 months. The addition of heparin to a dalbavancin lock solution did not affect its bioactivity
against staphylococcal biofilms irrespective of its preservation time under freezing.
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1. Introduction

Antibiotic lock solutions are indicated in addition to systemic therapy for catheter retention
when catheter withdrawal cannot be achieved [1]. However, as current guidelines for the
management of catheter-related bloodstream infections (C-RBSI) are somewhat outdated, they do not
provide for the use of new lipoglycopeptides, such as dalbavancin [2]. We previously assessed the
efficacy of a dalbavancin-heparin catheter lock solution against biofilms of Staphylococcus spp.,
demonstrating that its bioactivity was at least equal to that of vancomycin and that a 6-month freezing
did not negatively affect it [3,4]. Moreover, we observed no reduction in the efficacy of heparin in
combination with dalbavancin before and during a 6-month freezing period [4].

However, we further needed to assessed whether heparin could affect dalbavancin bioactivity
during this freezing process of a stored catheter-lock solution.

2. Results

Overall, considering the clinical criteria, no significant reduction in any of the variables tested
was observed at the end of the experiment (month 6) between D and DH solutions against
Staphylococci biofilms (Table 1, Figure 1). DH median values were only below 25% lower limit of D
values at basal experiments (month 0) for percentage reduction in log cfu counts (15.5% < 20.6%) and
metabolic activity (47.4% < 67.1%), and at month 3 for percentage reduction in log cfu counts (9.2% <
17.6%) in MRSA. In MRSE, clinical significance was only observed at basal experiments (month 0) for
percentage reduction in log cfu counts (20.1% < 25.7%).

Considering the statistical criteria, no differences were statistically significant in any of the
experiments, except in the median percentage reduction of metabolic activity at month 3 in MRSE
between DH and D (97.6 vs. 100, p=0.037) (Table 1).
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Figure 1. (A). Median percentage reduction in log cfu/ml for dalbavancin-heparin and dalbavancin
solutions against MRSA during freezing time. (B). Median percentage reduction in metabolic activity
for dalbavancin-heparin and dalbavancin solutions against MRSA during freezing time. (C). Median
percentage reduction in log cfu/ml for dalbavancin-heparin and dalbavancin solutions against MRSE
during freezing time. (D). Median percentage reduction in metabolic activity for dalbavancin-heparin
and dalbavancin solutions against MRSE during freezing time. DH, dalbavancin-heparin; cfu, colony-
forming units; MRSA, methicillin-resistant Staphylococcus aureus; MRSE, methicillin-resistant
Staphylococcus epidermidis. The markers correspond to the lower limit of 25% of the D value.
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Table 1. Median (IQR) percentage reduction in log cfu/ml and metabolic activity for dalbavancin
alone and dalbavancin-heparin against MRSA and MRSE biofilms during freezing.
MRSA
Month D DH P 25% lower limit of D*
) ) ) 0 27.5(27.2-27.5) 15.5 (15.4-15.5) 0.05 20.6
IQR) 9 1

1:;[:/‘113“ (IQR) % reduction in log= " = 2 735 928492 005 17.6
6 117 (113-11.7) 125 (11.6-125) 0.275 8.8
0 72.3 (0.0-72.3) 47.4 (35.9-47.4) 0.827 61.7
Median (IQR) % reduction in XTT 3 84.9 (84.1-84.9) 73.9 (70.5-73.9) 0.05 63.7
6 90.2 (79.8-90.2) 70.1 (62.8-70.1) 0.05 67.7

MRSE

Month D DH p
; .. 0 34.3 (33.9-34.3) 20.1(19.9-20.1) 0.05 25.7
o,

lc\;[:/‘::‘;“ (IQR) % reduction in log= - > o 7 ¢ 20.0 (26.9-29.0) 0.05 20.7
6 15.5 (15.4-15.5) 13.0 (12.8-13.0) 0.05 11.6
0 96.3 (80.0-96.3) 100 (100-100) 0.121 72.2
Median (IQR) % reduction in XTT 3 100 (100-100) 97.6 (96.0-97.6) 0.037 75.0
6 92.3 (62.8-92.3) 80.8 (73.9-80.8) 0.513 69.2

SD, standard deviation; MRSA, methicillin-resistant Staphylococcus aureus; MRSE; methicillin-resistant
Staphylococcus epidermidis; D, dalbavancin; DH, dalbavancin-heparin; cfu, colony-forming units. *Values in bold
corresponded to DH values that were under the 25% lower limit of D values (clinical significance).

3. Discussion

We demonstrated that heparin (60 UI) does not reduce dalbavancin bioactivity against biofilms
of MRSA and MRSE ATCC strains even during a 6-month freezing storage time.

C-RBSI can be achieved by combining systemic and catheter lock therapies in some
circumstances in which catheter must be retained [6—11]. The current international Guidelines for the
Management of Catheter-related infections recommend only vancomycin or cefazolin for the
treatment of Gram-positive C-RBSI episodes (BII) [1]. The Clinical Guidelines of the Spanish Society
of Clinical Microbiology and Infectious Diseases (SEIMC) and the Spanish Society of Intensive Care
Medicine and Coronary Units additionally included teicoplanin and daptomycin (BII) [12]. However,
little is known about dalbavancin to be used for catheter savage attempts [13].

Our group previously demonstrated that the efficacy of a heparin-based dalbavancin catheter
lock solution against MRSA and MRSE strains was non inferior to vancomycin and that both heparin
and dalbavancin remained effective and stable for 7 days in an antimicrobial lock solution at 37°C,
simulating a catheter dwell time of 7 days [3,14-16]. Moreover, as it was required to optimize the
dalbavancin intravenous vial with a cost-effective approach, we recently demonstrated that a
heparin-based dalbavancin catheter lock solution can be stored at —70°C without seriously affecting
its bioactivity against MRSA and MRSE biofilms [4]. However, it was needed to assess whether, in
addition, heparin may affect dalbavancin bioactivity when they are combined in a catheter lock
solution both before and after the freezing storage period.

Based on our results, we consider that no relevant differences occurred between D and DH
solutions against both MRSA and MRSE biofilms regarding percentage reduction of neither log cfu
counts nor metabolic activity. In the occasional cases where both statistical and clinical differences
were observed between D and DH solutions, they never occurred at the end time of the study (month
6), which is when they would be considered relevant. So, we found no evidence that DH solution
bioactivity was reduced over the shelf life with respect to D solution.

The main limitation of the study is that we only tested our experiments on a single ATCC strain
of each specie. In addition, bioactivity of D and DH was indirectly calculated by assessing percentage
reduction of log cfu counts and metabolic activity of 24-hour formed biofilms.
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4. Materials and Methods

We applied an in vitro model to evaluate bioactivity of a heparin (60 IU)-based dalbavancin (1
mg/ml) lock solution vs. a dalbavancin (1 mg/ml) lock solution against biofilm of Staphylococcus aureus
ATCC43300 (MRSA) and Staphylococcus epidermidis ATCC35984 (MRSE) before and during a 6-month
freezing.

The study was performed in the laboratory of a tertiary teaching hospital in Madrid, Spain. We
used an in vitro static microplate model as previously described [5].

We used Xydalba® powder for concentrate solution for infusion 500 mg (Almac Pharma Services
Ltd, Seagoe Industrial Estate, Craigavon County Armagh BT63 5UA Reino Unido. Allergan
Pharmaceuticals International Ltd., Clonshaugh Business & Technology Park, Dublin 17, D17 E400,
Irlanda. Almac Pharma Services, Irlanda. Limited Finnabair Industrial Estate, Dundalk, Co. Louth,
A91 P9KD, Irlanda). Xydalba® was reconstituted by slowly adding 25 ml of sterile water for injection
and then diluted with 50 mg/ml (5%) glucose solution. An aseptic technique was used for the
reconstitution and dilution of Xydalba®. From the reconstituted vial of Xydalba® (20 mg/ml), we
prepared a DH solution by transferring 1 ml to 18.6 ml of glucose saline 5% + 0.4 ml heparin sodium
(60 IU), Heparin sodium, 5000 IU/5 ml; Hospira Prod. Farm. y Hosp, S.L., Spain; and a D solution by
transferring 1 ml to 19 ml of glucose saline 5%. We prepared 3-ml aliquots of each solution and stored
them at —70°C for 6 months.

Frozen lock solutions of D and DH were thawed at room temperature (30 min) before
performing the experiments. Biofilms were tested against lock solutions at baseline before freezing
(month 0), and during months 3 and 6 of freezing. Data were expressed as median (IQR) percentage
reduction of log cfu/ml counts and metabolic activity.

For quantification of bacterial load, wells were vigorously scraped in 100 ul of PBS, and the
triplicates of each treatment and controls were mixed separately in a pool. Four 1:100 serial dilutions
were performed, and 100 ul of each dilution was plated on blood agar plates and incubated at 37°C
for 24 hours. Colonies of the plates were counted, and the percentage reduction in cfu/well was
calculated. Colony counts were expressed as the median (IQR) number of cfu/ml and on a logarithmic
scale.

For quantification of metabolic activity, 100 pl of XTT/menadione (0.5 mg/ml/1.72 mg/ml) was
mixed in a proportion of 10 ml/1 pl and inoculated in each well protected from light. The plate was
then incubated at 37°C for 3 hours. Absorbance was measured at 492 nm in a spectrophotometer
(Biochrom EZ Read 400), and the percentage reduction in metabolic activity was calculated.

Quantitative variables are expressed as the median and interquartile range (IQR).

For the comparison between DH and D solution results, we defined clinical significance when
DH values were within 25% of D values. We arbitrarily choose that 25% cut-off considering it a
reasonable value below which there would be no too clinical impact.

We also assessed the statistical significance by comparing median (IQR) percentage reduction
values in log cfu/ml counts and metabolic activity of DH solution with those values obtained with D
solution at each study periods (months 0, 3, and 6) using the Kruskal-Wallis test.

Statistical significance was set at p<0.05 for all the tests. The statistical analysis was performed
using IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp, Armonk, New York, USA).

5. Conclusions

Heparin does not negatively affect dalbavancin bioactivity against staphylococcal biofilms when
they are combined in a catheter lock solution frozen up to 6 months. Our supports should be validated
in a large sample size and in other species, such as Enterococci.

doi:10.20944/preprints202309.2014.v1
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