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ABSTRACT

Introduction: We previously demonstrated the
efficacy of a frozen dalbavancin–heparin (DH)
lock solution against biofilms of staphylococci.
However, as enterococci also commonly cause

catheter-related bloodstream infections (C-
RBSI), we assessed the bioactivity of frozen dal-
bavancin (D) and DH against enterococci.
Methods: Over 6 months, we compared the
bioactivity of a solution of DH (1 mg/ml) with
that of D in terms of cfu counts and metabolic
activity against biofilms of Enterococcus faecalis
and Enterococcus faecium (four strains each). For
each solution, we individually compared results
obtained at each time point (months 3 and 6)
with baseline (month 0). We also compared the
median DH value of each variable at baseline
and at months 3 and 6 of freezing with the
values obtained for D alone. We used both sta-
tistical and clinical criteria when results were
within 25% of the reference value.
Results: At the end of the experiment
(month 6), neither a statistically nor a clinically
significant reduction in the bioactivity of D
solution was observed in terms of cfu count and
metabolic activity against enterococcal bio-
films. Regarding the DH solution, we found
both statistical and clinical significance in the
median percentage reduction in metabolic
activity between months 0 and 6 in E. faecalis
strains (51.8% vs. 77.8%, P = 0.007). Moreover,
after freezing, the DH solution lost significant
bioactivity compared with the D solution,
especially in E. faecalis.
Conclusion: A dalbavancin lock solution can be
frozen for up to 6 months with no negative effect
on its bioactivity against enterococcal biofilms.
However, when combined with heparin, its
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C. Rodrı́guez
Pharmacy Department, Hospital General
Universitario Gregorio Marañón, Madrid, Spain
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efficacy was reduced. Therefore, we recommend
that if lock therapy with frozen dalbavancin is
used in themanagement of enterococcal C-RBSI,
heparin should be added simultaneously at the
time of catheter lock.

Keywords: Biofilms; Dalbavancin; Enterococci;
Freezing; Heparin; Lock therapy

Key Summary Points

Why carry out this study?

Data regarding the activity of dalbavancin
as catheter lock solution against
enterococci strains is scarce.

We assessed whether the activity of a
frozen dalbavancin catheter lock solution
could be affected by the addition of
heparin against enterococcal biofilms.

What was learned from the study?

The activity of a dalbavancin catheter lock
solution was not affected by a 6-month
freezing.

However, the addition of heparin to a
dalbavancin catheter lock solution
negatively affects its activity.

INTRODUCTION

Catheter-related bloodstream infection (C-RBSI)
is a major nosocomial infection that leads to
high morbidity and mortality rates [1, 2]. While
catheter withdrawal followed by systemic
antimicrobial therapy is best practice for treat-
ment, conservative management with catheter
lock therapy has proven successful in several
clinical studies [3–13]. However, as current
guidelines for the management of C-RBSI are
somewhat outdated, they do not provide data
on new antibiotics that can be used in catheter
lock solutions [14, 15].

Dalbavancin (D) is a lipoglycopeptide that is
highly active against Gram-positive bacteria

and has a proven marked anti-biofilm effect, in
particular, better than oritavancin and compa-
rable to telavancin [16]. In previous studies, we
tested the efficacy of D against Staphylococcus
spp. and found it to be noninferior to van-
comycin in terms of reduction in the values of
specific parameters associated with biofilm [17].
Moreover, in order to optimize health costs, we
demonstrated that a D lock solution could be
frozen for up to 6 months without reducing its
bioactivity [18].

Our objectives were, first, to validate our
findings against enterococcal biofilms, as ente-
rococci also frequently cause C-RBSI. Second,
we assessed whether heparin could affect the
activity of D.

METHODS

The study was performed in the laboratory of
the Department of Clinical Microbiology and
Infectious Diseases at Gregorio Marañón
Hospital, Madrid, Spain.

We ran an in vitro static microplate model
similar to our previous work [18] using three
clinical strains of Enterococcus faecalis and three
clinical strains of Enterococcus faecium causing
C-RBSI and ATCC strains of Enterococcus faecalis
ATCC33186 and Enterococcus faecium
ATCC19434, all of which are high biofilm pro-
ducers. The selection of the six clinical strains
was based on their high ability to form biofilms
and that they were isolated from patients with
C-RBSI, belonging to a large sample collection
used in our previous studies [19].

The minimal inhibitory concentration
(MIC), assessed using the E-test, of van-
comycin–dalbavancin for E. faecalis and E. fae-
cium ATCC strains were, respectively,
2–0.064 mg/L and 1–0.032 mg/L.

Biofilms were tested at month 0 (baseline
before freezing) and at months 3 and 6 of
freezing.

As thawed solutions had to be tested against
a static biofilm in microplates, frozen D and
dalbavancin–heparin (DH) solutions were
thawed at room temperature (30 min). For each
solution, we individually compared the results
obtained at each time point with baseline. We
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also compared the results for DH with those
obtained for D at each time point.

The anti-biofilm activity of D and DH solu-
tions was performed by adding 100 ll of each of
them to dry plates followed by incubation at
37 �C for 24 h. The plates were washed three
times with phosphate-buffered saline (PBS) and
dried at room temperature [20].

Data were expressed as percentage reduction
in log colony-forming units (cfu)/ml and
metabolic activity.

Biofilm Formation

Biofilm was formed as described by Peeters et al.
and by our group [18, 21]. Each strain was
mixed in 20 ml of tryptic soy broth supple-
mented with glucose 1% and incubated at 37 �C
in an orbital shaker for 24 h. The inoculum was
then washed with PBS, and the pellets were
adjusted to 0.5 McFarland turbidity. Then,
100 ll of the suspension was inoculated in a
96-well plate for analysis and plates were incu-
bated at 37 �C during 24 h, followed by three
washes with PBS. We performed experiments in
triplicates, including positive (bacterial suspen-
sion without treatment) and negative controls
(broth medium without bacterial suspension).

Dalbavancin Lock Solution and Treatment
Procedure

We prepared a catheter lock solution of D of
1 mg/ml (as guidelines recommend that lock
solutions must be 100 or 1000 times the MIC)
[14]. We used Xydalba� 500 mg powder for
infusion (Almac Pharma Services Ltd, Seagoe
Industrial Estate, Craigavon, County Armagh,
BT63 5UA, UK; Allergan Pharmaceuticals Inter-
national Ltd., Clonshaugh Business & Tech-
nology Park, Dublin 17, D17 E400, Ireland.
Almac Pharma Services, Ireland. Limited Fin-
nabair Industrial Estate, Dundalk, Co. Louth,
A91 P9KD, Ireland). Xydalba� was reconsti-
tuted following the manufacturer’s instructions.

From the reconstituted D (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). We
also prepared a D solution by transferring 1 ml
to 19 ml of glucose saline 5%. We stored 3-ml
aliquots of each solution at - 70 �C for
6 months.

Quantification of Bacterial Load by cfu/ml

Wells were vigorously scraped in 100 ll of PBS,
serial dilutions were performed, and 100 ll of
each dilution was cultured into blood agar
plates and incubated at 37 �C for 24 h.

Colonies were counted, and we calculated
the percentage reduction in cfu/well using
Eq. 1. Results were expressed as median (IQR)
log cfu/ml.

% of viability reduction

¼ 1�
c.f.u:

well
treated strain

c.f.u:

well
positive control

0
@

1
A

2
4

3
5� 100:

ð1Þ

Quantification of Metabolic Activity
by XTT Assay

One hundred microliters of XTT (2,3-bis-(2-
methoxy-4-nitro-5-sulfophenyl)-2H-tetra-
zolium-5-carboxanilide)/menadione (0.5 mg/ml
and 1.72 mg/ml, respectively) was inoculated in
each well protected from light and plates were
incubated at 37 �C for 3 h. We measured
absorbance in a spectrophotometer (Biochrom
EZ Read 400) at 492 nm and results were
expressed as percentage reduction in metabolic
activity calculated following Eq. 2.

% of metabolic reduction

¼ 1� Abs492 treated strain

Abs492 positive control

� �� �
� 100:

ð2Þ

Absence of reduction in the anticoagulant
effect of DH before and during a 6-month
freezing period has already been demonstrated
using the anti-Xa assay in a previous study by
our group [18].

Infect Dis Ther (2022) 11:743–755 745



Clinical and Statistical Analysis

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

For the comparisons between baseline
(month 0) and freezing periods (months 3 and
6) with respect to both solutions, we defined
clinical significance when the percentage
reduction values for each variable tested at each
time point were below 25% of those obtained at
baseline. For the comparison between DH and
dalbavancin solution, we defined clinical sig-
nificance when the percentage reduction values
for each variable tested with DH solution were
below 25% of those obtained with dalbavancin
solution at each time point.

We arbitrarily chose a 25% cutoff, as in our
previous study [18], since we considered it a
reasonable value above which clinical impact
would be relevant.

Although our main objective was to assess
clinical significance, we also assessed statistical

significance. For each solution, we used the
Kruskal–Wallis test to compare the baseline
(month 0) median (IQR) percentage reduction
values in log cfu/ml and metabolic activity with
the values obtained at months 3 and 6. We also
used the Kruskal–Wallis test to compare the
median (IQR) percentage reduction values in
log cfu/ml and metabolic activity of DH solu-
tion with the values obtained with dalbavancin
solution at each time point (months 0, 3, and
6).

Statistical significance was set at P\0.05 for
all the tests. The statistical analysis was per-
formed using IBM SPSS Statistics for Windows,
Version 21.0 (IBM Corp, Armonk, New York,
USA).

Ethics

The study was considered to be exempt for
ethical approval by our local ethics committee
since it was an in vitro retrospective study.

Table 1 Median (IQR) percentage reduction in log cfu/ml and metabolic activity for dalbavancin solution against Ente-
rococcus faecalis and Enterococcus faecium during freezing

Month Median (IQR) % reduction in log cfu/ml P* Median (IQR) % reduction in XTT P*

Enterococcus faecalis

0 22.9 (19.8–30.8) NAa 81.9 (56.6–89.8) NAb

3 22.8 (20.1–34.5) 0.31 91.9 (89.7–99.7) 0.02

6 30.9 (19.2–37.4) 0.27 95.9 (90.5–98.7) 0.003

Enterococcus faecium

0 22.7 (14.1–24.9) NAc 54.7 (39.1–68.6) NAd

3 13.1 (8.1–30.5) 0.57 78.5 (30.8–84.2) 0.45

6 24.9 (21.6–34.2) 0.15 98.5 (59.2–100) 0.02

SD standard deviation, cfu colony-forming units, NA not applicable, IQR interquartile range
*Values in bold represent clinical significance (median % reduction of variables at month 3 or 6 were below 25% lower limit
of median % reduction of variables at month 0)
a25% lower limit of median % reduction of log cfu/ml in E. faecalis at month 0, 17.2%
b25% lower limit of median % reduction of XTT in E. faecalis at month 0, 61.4%
c25% lower limit of median % reduction of log cfu/ml in E. faecium at month 0, 17.0%
d25% lower limit of median % reduction of XTT in E. faecium at month 0, 41.0%
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RESULTS

Dalbavancin Solution

At the end of the experiment (month 6), neither
a statistically nor a clinically significant reduc-
tion in the bioactivity of dalbavancin solution

against enterococcal biofilms was observed in
terms of log cfu/ml or metabolic activity. Only a
clinically significant reduction (below 25% of
baseline value) was observed (less than 17.0%)
in median (IQR) percentage of cfu/ml between
month 0 and 3 in E. faecium (13.1% [8.1–30.5%]
vs. 22.7% [14.1–24.9%]) (Table 1, Fig. 1a, b).

Fig. 1 Median (IQR) percentage reduction in log cfu/ml and metabolic activity for dalbavancin solution against
enterococci according to freezing time. a E. faecalis. b E. faecium. cfu colony-forming units
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DH Solution

When dalbavancin was combined with heparin
during freezing, the only statistically and clini-
cally significant reduction at the end of the
experiments with respect to baseline was for
median (IQR) percentage of metabolic activity
of E. faecalis (51.8% [6.6–61.6%] vs. 77.8%
[60.7–80.3%], P = 0.007; 25% of baseline,
58.4%) (Table 2, Fig. 2a, b).

Comparison Between Dalbavancin
and DH

When we analyzed whether heparin could
affect the bioactivity of dalbavancin, we found
that the median (IQR) percentage reduction in
log cfu/ml and in metabolic activity was signif-
icantly reduced in E. faecalis. Statistically and
clinically significant results were observed in
median (IQR) percentage reduction in log cfu/
ml at each time point between the two solu-
tions (Table 3, Fig. 3a). Regarding the median

(IQR) percentage reduction in metabolic activ-
ity, clinically significant differences were
observed between the DH and dalbavancin
solutions only at month 6 (74.8% [61.3–86.0%]
vs. 95.9% [90.5–98.7%]; 25% of dalbavancin
value, 71.0%) (Table 3, Fig. 3b).

In contrast, in E. faecium biofilms, the only
statistically and clinically significant difference
between DH and dalbavancin was observed for
the median (IQR) percentage reduction in
log cfu/ml at month 6 (13.6% [13.0–18.9%] vs.
20.4% [14.6–26.6%], P = 0.01; 25% of dalba-
vancin value, 15.3%) (Table 3, Fig. 3a). No sig-
nificant reduction in metabolic activity was
detected during either of the two periods
(months 3 and 6) (Table 3, Fig. 3b).

DISCUSSION

Enterococci biofilms were reduced in terms of
cfu counts and metabolic activity with a
6-month frozen dalbavancin lock solution.
However, the addition of heparin may have a

Table 2 Median (IQR) percentage reduction in log cfu/ml and metabolic activity for dalbavancin–heparin solution against
Enterococcus faecalis and Enterococcus faecium during freezing

Month Median (IQR) % reduction in log cfu/ml P* Median (IQR) % reduction in XTT P*

Enterococcus faecalis

0 10.7 (4.3–19.4) NAa 77.8 (60.7–80.3) NAb

3 13.0 (9.2–19.1) 0.51 79.2 (70.9–83.0) 0.46

6 9.1 (7.9–12.5) 0.69 51.8 (6.60–61.6) 0.007

Enterococcus faecium

0 13.2 (11.9–20.6) NAc 84.4 (71.8–93.5) NAd

3 13.7 (0.0–21.9) 0.69 78.9 (71.3–86.7) 0.66

6 13.6 (13.0–18.9) 0.79 70.7 (55.3–85.8) 0.09

SD standard deviation, cfu colony-forming units, NA not applicable, IQR interquartile range
*Values in bold represent clinical significance (median % reduction of variables at month 3 or 6 were below 25% lower limit
of median % reduction of variables at month 0)
a25% lower limit of median % reduction of log cfu/ml in E. faecalis at month 0, 8.03%
b25% lower limit of median % reduction of XTT in E. faecalis at month 0, 58.4%
c25% lower limit of median % reduction of log cfu/ml in E. faecium at month 0, 9.9%
d25% lower limit of median % reduction of XTT in E. faecium at month 0, 63.3%
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negative impact on dalbavancin activity during
freezing.

C-RBSI can be managed by combining sys-
temic and catheter lock therapies in some cir-
cumstances in which the catheter must be
retained [4–9]. Current international and
Spanish guidelines for the management of
catheter-related infections recommend few

antimicrobials for the treatment of Gram-posi-
tive C-RBSI episodes [14, 15]. Therefore,
research with new lipoglycopeptides is needed
for catheter salvage attempts, as only one
unpublished study has addressed the possible
use of dalbavancin as a lock solution [22].

Our group previously demonstrated the anti-
biofilm activity of a DH catheter lock solution as

Fig. 2 Median (IQR) percentage reduction in log cfu/ml and metabolic activity for dalbavancin–heparin solution against
enterococci according to freezing time. a E. faecalis. b E. faecium. cfu colony-forming units
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an alternative to vancomycin against Gram-
positive bacteria and found that methicillin-re-
sistant Staphylococcus aureus and Staphylococcus
epidermidis biofilms were successfully reduced,
even when DH solution was frozen for up to
6 months [17, 18].

Although several in vitro studies have
demonstrated the anti-biofilm activity of dal-
bavancin against staphylococci, little is known
about its efficacy against enterococcal biofilms
[16, 23–25]. Only one study has assessed the
in vitro activity of dalbavancin against entero-
coccal biofilms. The authors found the drug to
be active against the 83 tested vancomycin-
susceptible isolates both in planktonic and
biofilm forms, suggesting that it could be used
in a catheter lock solution for enterococcal
C-RBSI, in particular only for vancomycin-

susceptible enterococci [26]. Therefore, we also
included E. faecalis and E. faecium strains in our
experiments.

Our results show that the anti-biofilm effect
of a frozen dalbavancin solution was not affec-
ted in terms of log cfu/ml and metabolic activ-
ity in the eight enterococcal strains we tested.
When heparin was added to dalbavancin during
freezing, a significant loss of efficacy was
observed in E. faecalis according to the median
percentage reduction in metabolic activity at
the end of the experiment (month 6, 51.8%)
compared with baseline (month 0, 84.4%).
Comparison of the anti-biofilm effect of DH
observed in this study and the results of our
previous study on staphylococci revealed that
the percentage reduction ranges in log cfu/ml
(enterococci, 9.1–13.7%; staphylococci,

Table 3 Median (IQR) percentage reduction in log cfu/ml and metabolic activity for dalbavancin alone and dalba-
vancin–heparin against Enterococcus faecalis and Enterococcus faecium during freezing

Month D DH P* 25% lower
limit of D

Enterococcus faecalis

Median (IQR) % reduction in log cfu/ml 0 22.9 (19.8–30.8) 10.7 (4.3–19.4) 0.01 17.2

3 22.8 (20.1–34.5) 13.0 (9.2–19.1) 0.001 17.1

6 13.4 (12.5–20.2) 9.1 (7.9–12.5) 0.001 10.1

Median (IQR) % reduction in XTT 0 81.9 (56.6–89.8) 77.8 (60.6–80.3) 0.45 61.4

3 77.6 (67.1–93.1) 80.7 (69.3–94.2) 0.76 58.2

6 95.9 (90.5–98.7) 74.8 (61.3–86.00) 0.002 71.9

Enterococcus faecium

Median (IQR) % reduction in log cfu/ml 0 22.7 (14.1–24.9) 13.2 (11.9–20.6) 0.20 17.1

3 13.1 (8.1–30.5) 13.7 (0.0–21.9) 0.48 9.8

6 20.4 (14.6–26.6) 13.6 (13.0–18.9) 0.01 15.3

Median (IQR) % reduction in XTT 0 54.7 (39.1–68.7) 84.4 (71.8–93.5) 0.002 41.0

3 78.5 (30.8–74.2) 78.9 (71.3–86.7) 0.27 58.9

6 60.3 (15.3–76.00) 70.7 (55.3–85.8) 0.16 45.2

SD standard deviation, D dalbavancin, DH dalbavancin–heparin, cfu colony-forming units, IQR interquartile range
*Values in bold represent clinical significance (median % reduction of DH values were below 25% lower limit of median %
reduction of D values)
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9.1–29.1%) and metabolic activity (enterococci,
51.8–84.4%; staphylococci, 58.9–100%) were
similar between them, even though the statis-
tical analysis was based on a comparison of
mean (SD) values using linear mixed models
[18].

We assessed the efficacy of dalbavancin in
enterococcal biofilms. However, we also ana-
lyzed whether heparin affected bioactivity
when combined in a catheter lock solution both
before and after the freezing period. We
found—at least in terms of cfu counts—a

Fig. 3 Median (IQR) % reduction in a log cfu/ml and
b metabolic activity for dalbavancin and dalbavancin–hep-
arin solutions against E. faecalis according to freezing time.
Median (IQR) % reduction in c log cfu/ml and

d metabolic activity for dalbavancin and dalbavancin–hep-
arin solutions against E. faecium according to freezing
time. DH dalbavancin–heparin, D dalbavancin, cfu
colony-forming units

Infect Dis Ther (2022) 11:743–755 751



statistically and clinically significant reduction
in the bioactivity of dalbavancin when it was
frozen with heparin compared with dalba-
vancin alone (E. faecalis, 9.1% vs. 13.4%,
P = 0.001; E. faecium, 13.6% vs. 20.4%,
P = 0.01). Therefore, in our opinion, a catheter
lock attempt with dalbavancin against C-RBSI
caused by enterococci may be performed using a
frozen dalbavancin solution without heparin.
While it would be more useful and easier to use

a frozen vial containing both dalbavancin and
heparin, in these circumstances in which we
demonstrated that heparin negatively affects
dalbavancin activity under freezing, 60 IU of
heparin should be added to the frozen dalba-
vancin solution at the time of catheter lock.

One of the main limitations of the study is
that we arbitrarily define ‘‘clinical significance’’
on the basis of a previous study in which a
reduction of dalbavancin bioactivity greater

Fig. 3 continued
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than 25% was reasonable enough to consider it
a relevant cutoff above which it may have
‘‘clinical impact’’. Moreover, despite the inclu-
sion of high biofilm producer-clinical strains
isolated from blood of patients with C-RBSI,
conclusions must be carefully interpreted, as
further studies are needed to validate it with
large number of isolates.

CONCLUSION

We confirm that the bioactivity of a dalba-
vancin catheter lock solution against entero-
coccal biofilms was not reduced after 6 months
of freezing. However, the addition of heparin
could negatively affect it. We consider that
heparin should be added to frozen dalbavancin
at the time of catheter lock.
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Infecciosas y Microbiologı́a Clı́nica (SEIMC). 2017.

23. Baldoni D, Furustrand Tafin U, et al. Activity of
dalbavancin, alone and in combination with
rifampicin, against meticillin-resistant Staphylococ-
cus aureus in a foreign-body infection model. Int J
Antimicrob Agents. 2013;42(3):220–5.

24. Fernández J, Greenwood-Quaintance KE, Patel R.
In vitro activity of dalbavancin against biofilms of
staphylococci isolated from prosthetic joint

infections. Diagn Microbiol Infect Dis. 2016;85(4):
449–51.

25. Knafl D, Tobudic S, Cheng SC, Bellamy DR, Thal-
hammer F. Dalbavancin reduces biofilms of methi-
cillin-resistant Staphylococcus aureus (MRSA) and
methicillin-resistant Staphylococcus epidermidis
(MRSE). Eur J Clin Microbiol Infect Dis. 2017;36(4):
677–80.

26. Neudorfer K, Schmidt-Malan SM, Patel R. Dalba-
vancin is active in vitro against biofilms formed by
dalbavancin-susceptible enterococci. Diagn Micro-
biol Infect Dis. 2018;90(1):58–63.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional
affiliations.

Infect Dis Ther (2022) 11:743–755 755


	A Dalbavancin Lock Solution Can Reduce Enterococcal Biofilms After Freezing
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Biofilm Formation
	Dalbavancin Lock Solution and Treatment Procedure
	Quantification of Bacterial Load by cfu/ml
	Quantification of Metabolic Activity by XTT Assay
	Clinical and Statistical Analysis
	Ethics

	Results
	Dalbavancin Solution
	DH Solution
	Comparison Between Dalbavancin and DH

	Discussion
	Conclusion
	Acknowledgements
	References




