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ABSTRACT

Introduction: Daptomycin (DAP) has proven to
be a viable alternative amid vancomycin resis-
tance; however, the use of DAP post van-
comycin treatment has led to the development
of DAP non-susceptible (DNS) strains. Dalba-
vancin (DAL), a novel single-dosed lipogly-
copeptide, has shown enhanced activity against
highly resistant Staphylococcus aureus strains.
However, on the basis of previous reports and
our observations, DAL does not demonstrate
similar activity at high versus low inoculum
levels. Therefore, we hypothesized that addition
of DAP even at minimal concentrations (single

dose on day 1) will lower the inoculum to the
level that can be cleared by dalbavancin.
Methods: Isolates from methicillin-resistant
S. aureus (MRSA)-infected patients with varying
susceptibility profiles were evaluated using
broth microdilution methods. Two DNS–VISA
strains (vancomycin intermediate resistant
S. aureus) and one MRSA strain were further
evaluated in a one-compartment PK/PD model
using a high starting initial inoculum of
109 CFU/mL as well as low initial inoculum of
107 CFU/mL over 168 h to assess the activity of
DAL and DAP monotherapy and in
combination.
Results: Single therapies were not bactericidal
when evaluated in the 168 h in vitro one-com-
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partment model with an initial inoculum of
109; however, the combination of DAL plus
single dose of DAP resulted in enhanced killing
at the end of the 168-h exposure. DAL single
therapy caused reduction in colony counts
down to detection limit (2 log10 CFU/ml) at a
lower inoculum but did not show enhancement
(\2 log10 CFU/ml) at higher initial inoculums
(P\0.01) for all three strains. Similarly, DAP
caused initial bacterial reduction up to 4 log10
CFU/ml with regrowth at about 32 h of expo-
sure, which stayed at initial inoculum levels for
the duration of the model for all three strains.
Conclusions: Dalbavancin inoculum effect is a
major issue in bacterial infections with high
bacterial loads and the combination of DAL plus
single dose of DAP showed promise in eradi-
cating resistant S. aureus strains at high
inoculums.

Keywords: Dalbavancin; Combination
therapy; High inoculum

Key Summary Points

Daptomycin monotherapy is not effective
at high bacterial loads/inoculums.

Dalbavancin leads to complete clearance
of infection at low bacterial loads/
inoculums.

Dalbavancin is not effective at high
bacterial loads /inoculums.

A single dose of daptomycin adjunctive to
a single dose of dalbavancin can lead to
clearance of high bacterial loads.

This combination is a great choice for
outpatient therapies associated with high
bacterial loads.

INTRODUCTION

Antibiotic resistant strains of Staphylococcus
aureus both in community and hospital settings
continue to pose a serious public health threat

[1–3]. In this context, methicillin-resistant
S. aureus (MRSA) infections with reduced sus-
ceptibility to glycopeptide antibiotics, specifi-
cally vancomycin (VAN), have become more
frequently identified [4, 5]. To mitigate this
problem, the use of daptomycin (DAP) amid
VAN resistance has become a viable option over
the past decade [6].

Utilizing the lipopeptide pharmacophore
allows DAP to evade the mechanisms of resis-
tance that bacteria orchestrate to decrease VAN
activity, making it a premiere antimicrobial
selection for eradication of MRSA. However,
DAP resistance after VAN exposure is very
common especially in cases with a high bacte-
rial load such as infective endocarditis (IE) or
complicated bacteremia [7, 8]. As a result of
continued DAP exposure, bacteria are able to
acquire hetero-resistant subpopulations propa-
gating the development of DAP resistance
[9–11]. Similarly, emergence of DAP resistance
after exposure to VAN is very common [12].
This may be in part due to cell wall thickening
upon emergence of VAN intermediate resis-
tance phenotype in VISA isolates. Cell wall
thickening can potentially block DAP from
reaching the cytoplasmic membrane [12].

Dalbavancin (DAL) is a novel, second-gen-
eration lipoglycopeptide antibiotic that exhibits
concentration-dependent bactericidal activity
against a variety of Gram-positive organisms,
including MRSA [13, 14]. The long elimination
half-life of dalbavancin allows for once-weekly
dosing and, more importantly, maintains the
serum concentrations of DAL above the mini-
mum inhibitory concentration (MIC) of com-
mon pathogens [15].

The data for DAL in combination with other
agents utilized for the treatment of MRSA is
minimal; nevertheless, DAL has been shown to
have synergistic activity with oxacillin and b-
lactams against methicillin-resistant S. aureus
and VISA infections [16–18]. The synergy rep-
resented here hints at the possibility of DAL
being dosed in combination with DAP, allowing
for enhanced eradication of bacterial load at
higher inoculums. The standard of care dosage
of DAL and DAP is a single dose of 1500 mg and
daily dose of 10 mg/kg/day, respectively. In this
paper while we are referring to standard of care
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dosage of DAL, we only apply one dose of DAP
on day 1. Similarly, combination of DAL ? DAP
refers to a single dose of 1500 mg DAL and a
single dose of 10 mg/kg/day DAP.

The main objective of this study was to
evaluate the impact of DAL and a single-dose
DAP in combination against MRSA strains, in a
simulated one-compartment pharmacokinetic/
pharmacodynamic (PK/PD) model. We
hypothesized that as a result of DAL’s inoculum
effect, addition of a single dose of DAP will
reduce the bacterial load and efficacy of DAL
while preventing emergence of resistance. This
is especially important from the clinical stand-
point regarding outpatient treatments where
only one dose of both antibiotics can lead to
clearance.

METHODS

Bacterial Strains

Ten patient isolates, characterized by various
S. aureus phenotypes including MRSA, VISA
(VAN intermediate resistant S. aureus), and DNS
(DAP non-susceptible S. aureus)–VISA strains,
were used for susceptibility testing and two
DNS–VISA strains (8015 and D712) and one
MRSA strain (2732) were selected for evaluation
in a one-compartment PK/PD model.

Antibacterials and Media

DAL (analytical) was provided by its manufac-
turer (Allergan, Parsippany NJ) and DAP was
purchased through Sigma Chemical Company
(St. Louis, MO). In vitro experiments were per-
formed in cation adjusted Mueller–Hinton
broth (MHB; Difco, Detroit, MI) supplemented
with 25 mg/L calcium and 12.5 mg/L magne-
sium. According to the recent CLSI guidelines
[19], MHB was supplemented with 0.002%
polysorbate 80 (Tween; Sigma Chemical Com-
pany, St. Louis, MO) for dalbavancin studies
owing to the propensity of dalbavancin attach-
ment to plastic (hydrophilic surfaces) present
within several in vitro testing modalities. Brain
heart infusion agar (BHIA; Difco Laboratories,

San Jose, CA, USA) supplemented with van-
comycin was used to subculture VISA strains to
maintain this phenotype. As a result of the
calcium-dependent nature of DAP, MHB sup-
plemented with a total of 50 mg/L of calcium
was used for susceptibility tests and PK/PD
models [16–18, 20].

Susceptibility Tests

MIC values of DAL and DAP for all isolates were
determined in duplicate by broth microdilution
in duplicate at approximately 105.5 CFU/ml
(low inoculum) [19]. In addition, combination
MIC testing was performed with DAL in the
presence of DAP at 0.5 times the MIC against
each respective organism. Further high inocu-
lum MICs for DAL and DAP against DNS–VISA
isolates were performed by broth microdilution
in duplicate at approximately 107.5 CFU/ml
(high inoculum).

In Vitro One-Compartment PK/PD Models

Four regimens including a growth control, DAL
simulating 1500 mg 9 day 1 (maximum free-
drug concentration in serum), fCmax, 30.1 mg/
L; half-life (t1/2) 187.4 h, protein binding 93%
[15, 21, 22], DAP simulating 10 mg/kg q24h
fCmax 14.11 mg/L; t1/2 8 h, protein binding
94% [23]. For the DAL plus DAP combination
model, DAL was supplemented as continuous
infusion and DAP 10 mg/kg/day was adminis-
tered as a bolus injection on the first day of the
PK/PD model. The models were performed in
duplicate to ensure the reproducibility of the
results. A starting inoculum of 109 was targeted
for each high inoculum experiment. To exam-
ine the inoculum dependency of DAL, each
isolate was tested in a one-compartment in vitro
model with an initial inoculum of 107 as well.
Samples were collected in duplicate from each
model and bacterial counts were determined by
spiral plating appropriate dilutions using an
automatic spiral plater (easy spiral; Interscience,
Woburn, MA, lower limit of reliable detection of
100 CFU/ml) [24]. The free antibiotic concen-
tration of each model was estimated by
accounting for the proposed protein binding of
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DAL and DAP (90% and 90–93%, respectively)
[17, 25]. DAP and DAL concentrations were
measured using a previously described high-
performance liquid chromatography (HPLC)
and bioassay method, respectively [18, 26]. The
half-life, area under the curve (AUC0–24 h), and
peak concentrations were determined using PK
Analyst Software (version 1.10; MicroMath Sci-
entific Software, Salt Lake City, UT) using the
trapezoidal method to calculate the AUC.

Resistance Tests

Emergence of resistance was evaluated at the
end of the models (7 days) by plating 100-ll
samples from the model on plates supple-
mented with DAL or DAP at a concentrations
equal to three times the MIC of DAL or DAP,
respectively. Plates were examined for growth
after 24 and 48 h of incubation at 36 ± 1 �C.
Resistant colonies growing on screening plates
were evaluated by broth microdilution methods
to determine the MIC. If resistance was detected
at the end of the model, additional screenings
were performed to identify the first occurrence
of resistance [27, 28].

Statistical Tests

One-way analysis of variance (ANOVA) with
Tukey’s post hoc test (Prism 9.1.0) software was
applied to compare PD outcomes in the one-
compartment models. P values of 0.05 or less
were considered significant.

Ethical Approval

This study has not received any funding from
Allergan or any other company and the ethics
committee approval was not required. Addi-
tionally, there were no human or animal sub-
jects involved in this study.

RESULTS

Susceptibility Tests

The obtained MIC values (at initial inoculum of
105.5 CFU/ml) are listed in Tables 1 and 2. High
inoculum (107.5 CFU/ml) MIC values against
DAL for 8015 (DAP non-susceptible (DNS) and
vancomycin intermediate S. aureus (VISA)),
D712 (DNS–VISA), and 2732 (MRSA) strains
were 2, 0.25, and 0.5 mg/L respectively (i.e., 16-,
four-, and four-fold higher than low inoculum
(105.5 CFU/ml)). Of note, high and low inocu-
lumMIC values did not vary for DAP against the
same strains [26]. Therefore, we did not perform
DAP monotherapy against low vs. high initial
inoculums [26].

Impact of DAL–DAP Combination
Therapy in a PK/PD Model

In vitro PK/PD models with DAL monotherapy
against 8015 did not demonstrate considerable
reduction from initial inoculum (B 2 log10 CFU/
ml). However, the combination of DAL plus
DAP demonstrated clearance with reduction in
colony counts down to detection limits noted at
the 144-h time point until the end of exposure
(Fig. 1a). DAP monotherapy in this strain
caused 3 log10 CFU/ml reduction as early as 4 h
after exposure which was accompanied by
regrowth up to initial inoculum levels by the
end of the exposure time. In the D712 strain,
the DAL monotherapy caused less than 1.5 log10
CFU/ml reduction. The DAP monotherapy did
demonstrate 4 log10 CFU/ml reduction activity
at the 24-h time point which was accompanied

Table 1 High and low inoculum MIC values for the three
selected MRSA isolates

Isolate Low
inoculum

High
inoculum

Fold
difference

8015 0.125 2 16

D712 0.063 0.25 4

2732 0.125 0.5 4
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by regrowth as early as the succeeding 48-h time
point continued throughout the conclusion of
the model at 168 h (Fig. 1b). The DAL plus DAP
combination caused CFU reduction down to
detection limit as early as 32 h, which was sus-
tained for the whole exposure time. Regarding
2732 strain, similar to the two aforementioned
strains, DAL monotherapy only caused 1.5 log10
CFU/ml reduction from the initial inoculum
and DAP monotherapy demonstrated a similar
trend of abrupt reduction up to 3 log10 CFU/ml
accompanied by regrowth (at 32–48 h) up to
and above initial inoculum levels (Fig. 1c).
Interestingly, no resistant mutants (or elevated
MIC) were recovered from any of the models
with aforementioned organisms. We have pre-
viously tested these strains with therapeutic
doses of DAP (i.e., 10 mg/kg/day for 7 days) and,
despite a temporary reduction of initial inocu-
lum, we observed regrowth of the infection up
to initial inoculum levels [18].

Impact of the Initial Inoculum on Efficacy
of DAL Monotherapy

Dalbavancin single therapy caused reduction in
colony counts down to detection limit
(2 log10CFU/ml) at a lower inoculum but did

not show enhancement at higher initial inocu-
lums (P\0.01) for all three strains. We did note
that DAL single therapy was effective at an ini-
tial inoculum of 107 CFU/mL against all three
strains, resulting in a greater than 3 log-reduc-
tion in bacterial viability at 8 h, 24 h, and 48 h
for D712, 2723, and 8015, respectively, which
was sustained throughout the exposure time
(Fig. 1d). In contrast, at the higher (109 CFU/ml)
initial inoculum DAL did not demonstrate bac-
tericidal activity against any of the strains
(Fig. 1d).

PK Values

The achieved free peak concentration for DAL
was 30.93 ± 1.12 mg/L (targeted value 30.1)
and t1/2 was 187.6 ± 0.47 h (targeted value
187.33 h) [29]. The bioassay standards had
intraday coefficient of variation between 4.2%
and 9.8%. The achieved free peak concentration
for DAP 10 mg/kg was 13.38 ± 0.45 mg/L (tar-
geted value 14.1) and t1/2 was 8.21 ± 0.22 h
(targeted value 8 h) [30]. The HPLC standards
had intraday coefficient of variation between
0.5% and 5.4%. Table 3 shows the PK values for
the two antibiotics. fAUC/MIC is calculated
separately for each organism since they have

Table 2 List of tested isolates patient isolates with their corresponding MIC values

Phenotype Drug DAL VAN DAP DAL–DAP
Isolate # MIC (mg/L)

MRSA 2731 0.125 2 0.125 0.008

2732 0.125 1 0.125 0.016

2738 0.063 1 0.125 0.004

2739 0.016 1 0.125 0.008

DNS–VISA 8015 0.125 4 4 0.0031

6838 (D712) 0.063 4 4 0.063

DNS 3652 (684) 0.016 2 2 0.063

VISA 5989 0.5 4 2 0.25

5991 0.5 4 0.25 0.25

5998 1 4 0.5 0.25

VAN vancomycin, DAP daptomycin, DAL dalbavancin

Infect Dis Ther (2023) 12:2485–2494 2489



Fig. 1 PK/PD one-compartment models of GC, DAL
1500 mg 9 1, DAP 10 mg/kg/day 9 1 vs. (A) 8015
(B) D712 and (C) 2732. Comparison between high
inoculum and low inoculum shows that DAL alone can
kill to detection limit at low inoculum (106 CFU/ml)
while it causes only 1–2-fold reductions in high inoculum

(109 CFU/ml) (D). None of the single therapies showed
enhanced activity vs. the two selected strains (8015 and
D712) at high initial inoculum. GC growth control, DAL
dalbavancin, DAP daptomycin, H.I. MIC high inoculum
MIC

Table 3 PK parameters for each regimen

Regimen fCmax (mg/L) t1/2 fAUC (mg h/L)

DAL 30.93 ± 1.12 mg/L (30.1) 187.6 ± 0.47 h (187.33 h) 8305.07 ± 0.53

DAP 13.38 ± 0.45 mg/L (14.1) 13.38 ± 0.45 mg/L (14.1) 172.60 ± 2.78

Targeted values are shown in parentheses

2490 Infect Dis Ther (2023) 12:2485–2494



different MIC values. Regarding the combina-
tion model, DAL was administered by bolus
injection while DAP was present in the media
(at peak concentration for the first day as con-
tinuous infusion), and PK values for DAL were
the same as for the single model (Table 3).
However, the main difference is in fAUC/MIC
values since the combination of the two
antibiotics demonstrates lower MIC values
leading to higher fAUC/MIC values.

DISCUSSION

The activity of many antibiotics depends on the
initial density of cells in bacterial growth inhi-
bition tests. The inoculum effect (IE) is described
as a significant increase in MIC of an antibiotic
when the number of organisms inoculated is
increased [26, 28, 31, 32]. This phenomenon is
detectable using the microbroth dilution test in
the laboratory [19, 33]. From the clinical stand-
point, bacterial loads in relevant infectious dis-
eases can vary by several orders of magnitude
and therefore IE can lead to significantly differ-
ent therapeutic outcomes. While IE has been
investigated for various antibiotics such as b-
lactams [32], novel lipoglycopeptides such as
DAL require further investigations in both
in vitro and in vivo settings.

The favorable PK/PD properties of DAL,
including a single weekly administration in
addition to low resistance rate, make this
antibiotic an excellent candidate for the treat-
ment of high inoculum infections such as
endocarditis, osteomyelitis [34], and vascular
infection especially in outpatient settings;
however, as a result of high volume of bacterial
burden, sterilization with only DAL is not
always achievable [35]. Here we have proposed a
single dose of DAL in addition to a single dose
of DAP to accomplish complete bacterial eradi-
cation. Previous research [36] used this combi-
nation in checker board microbroth dilution
MIC tests and reported a synergistic effect in
67% (20/30) of the MRSA strains tested. To our
knowledge there is no other report with com-
bination of DAL ? DAP in a dynamic in vitro
PK/PD model against S. aureus; however, Belley
et al. investigated the pharmacodynamics of

single dose oritavancin (1200 mg) and daily
high dose DAP (12 mg/kg/day) regimens against
vancomycin resistant Enterococcus faecium iso-
lates in an in vitro PK/PD model [37].

This strategy can potentially be beneficial in
outpatient treatments, leading to shorter length
of hospital stay, reduced antibiotic exposure/
side effects, reduction in healthcare costs, and
prevention of resistance and complications
associated with catheters [38]. Furthermore, this
anti-MRSA combination option may be more
acceptable to practitioners that express dis-
comfort in using an anti-staphylococcal b-lac-
tam in combination with DAP or VAN when
strains are not susceptible to either agent. Tar-
geting inoculum effect is most appealing in
conditions such as osteomyelitis and infective
endocarditis, which often present with bacterial
loads of 109 CFU/ml and higher, in which the
development of decreased susceptibility to VAN
and DAP is more likely because of the extended
duration of therapy.

Thus, the ability of the single dose combi-
nation treatment to quickly lower the inoculum
improves the performance of both agents and
reduces the potential for the emergence of
resistance. Furthermore, both DAP and DAL are
relatively safe alternative agents and the expo-
sure to DAP using this model is brief which
aligns with antimicrobial stewardship efforts to
shorten the duration of antibiotic exposure
where possible.

We understand that there are only limited
number of isolates (three strains) tested in PK/
PD models and a wider range of isolates/phe-
notypes are needed in future studies. However,
both antibiotics have shown efficacy as
monotherapy or combination with other
antibiotics in clinical practice [39, 40]. Addi-
tionally, it is important to investigate the
mechanistic aspects of this synergy in the con-
text of drug-pathogen interactions at the
molecular level.

CONCLUSION

Considering the therapeutic enhancement rep-
resented by DAL plus DAP (single dose) combi-
nation, the pairing of these agents seems to be a

Infect Dis Ther (2023) 12:2485–2494 2491



potential therapeutic option in treating infec-
tions with high bacterial loads and also offers
the benefit of minimal DAP exposure poten-
tially leading to shorter length of stay and pre-
vention of recurrence/relapse. More structured
studies are required to examine the efficacy and
safety of DAP ? DAL (other lipoglycopeptide)
combinations in other phenotypes of S. aureus.

ACKNOWLEDGEMENTS

We would like to thank Allergan (Allergan
Pharmaceuticals NJ, USA) for supplying dalba-
vancin analytical powder.

Author Contribution. Razieh Kebriaei:
drafting the manuscript, experimental design,
data collection, data analysis software, PK
analysis. Jacinda C. Abdul-Mutakabbir: drafting
the manuscript, experimental procedures,
assistance with data collection. Kyle C. Stamper:
reviewing the manuscript, experimental proce-
dures, assistance with data collection. Katherine
L. Lev: reviewing the manuscript, experimental
procedures, assistance with data collection.
Michael J. Rybak: hypothesis generation, pro-
ject supervision, reviewing the manuscript,
experimental design, data analysis. Note: some
of the authors have changed affiliation since
completion of this research.

Funding. No funding was received for this
study or publication of this article.

Data Availability. Raw data regarding
susceptibility tests are all included in manu-
script draft. Any other datasets generated and/or
analyzed during the current study including the
CFU counts of the PK/PD models are available
from the corresponding author on reasonable
request. The software used in this study are
publicly available and are stated in methods
section.

Declarations

Conflict of Interest. Michael J Rybak has
received research grant support, consulted, or
provided lectures for Allergan, Bayer, Merck,

Spero, Melinta, and Paratek. Michael J Rybak is
also supported in part by NIAID R01 AI12400.
All other authors have no financial disclosures.

Ethical Approval. This study has not
received any funding from Allergan or any
other company and the ethics committee
approval was not required. Additionally, there
were no human or animal subjects involved in
this study.

Open Access. This article is licensed under
a Creative Commons Attribution-NonCom-
mercial 4.0 International License, which per-
mits any non-commercial use, sharing,
adaptation, distribution and reproduction in
any medium or format, as long as you give
appropriate credit to the original author(s) and
the source, provide a link to the Creative
Commons licence, and indicate if changes were
made. The images or other third party material
in this article are included in the article’s
Creative Commons licence, unless indicated
otherwise in a credit line to the material. If
material is not included in the article’s Creative
Commons licence and your intended use is not
permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view
a copy of this licence, visit http://
creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Reynolds PE. Structure, biochemistry and mecha-
nism of action of glycopeptide antibiotics. Eur J
Clin Microbiol Infect Dis. 1989;8:943–50.

2. Stefani S, Goglio A. Methicillin-resistant Staphylo-
coccus aureus: related infections and antibiotic
resistance. Int J Infect Dis. 2010;14(Suppl 4):S19-22.

3. Lowy FD. Antimicrobial resistance: the example of
Staphylococcus aureus. J Clin Invest. 2003;111:
1265–73.

4. Gardete S, Tomasz A. Mechanisms of vancomycin
resistance in Staphylococcus aureus. J Clin Invest.
2014;124:2836–40.

5. Howden BP, Davies JK, Johnson PDR, Stinear TP,
Grayson ML. Reduced vancomycin susceptibility in
Staphylococcus aureus, including vancomycin-

2492 Infect Dis Ther (2023) 12:2485–2494

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


intermediate and heterogeneous vancomycin-in-
termediate strains: resistance mechanisms, labora-
tory detection, and clinical implications. Clin
Microbiol Rev. 2010;23:99–139.

6. Schriever CA, Fernández C, Rodvold KA, Danziger
LH. Daptomycin: a novel cyclic lipopeptide
antimicrobial. Am J Health Syst Pharm. 2005;62:
1145–58.

7. Dhand A, Bayer AS, Pogliano J, et al. Use of
antistaphylococcal b-lactams to increase dapto-
mycin activity in eradicating persistent bacteremia
due to methicillin-resistant Staphylococcus aureus:
role of enhanced daptomycin binding. Clin Infect
Dis. 2011;53:158–63.

8. Werth BJ, Ashford NK, Penewit K, et al. Dalba-
vancin exposure in vitro selects for dalbavancin-
non-susceptible and vancomycin-intermediate
strains of methicillin-resistant Staphylococcus aureus.
Clin Microbiol Infect. 2021;27(910):e1-910.e8.

9. Mishra NN, McKinnell J, Yeaman MR, et al. In vitro
cross-resistance to daptomycin and host defense
cationic antimicrobial peptides in clinical methi-
cillin-resistant Staphylococcus aureus isolates.
Antimicrob Agents Chemother. 2011;55:4012–8.

10. Yang S-J, Kreiswirth BN, Sakoulas G, et al. Enhanced
expression of dltABCD is associated with the
development of daptomycin nonsusceptibility in a
clinical endocarditis isolate of Staphylococcus aureus.
J Infect Dis. 2009;200:1916–20.

11. Sakoulas G, Rose W, Rybak MJ, et al. Evaluation of
endocarditis caused by methicillin-susceptible Sta-
phylococcus aureus developing nonsusceptibility to
daptomycin. J Clin Microbiol. 2008;46:220–4.

12. Cui L, Tominaga E, Neoh H, Hiramatsu K. Correla-
tion between reduced daptomycin susceptibility
and vancomycin resistance in vancomycin-inter-
mediate Staphylococcus aureus. Antimicrob Agents
Chemother. 2006;50:1079–82.

13. Malabarba A, Goldstein BP. Origin, structure, and
activity in vitro and in vivo of dalbavancin.
J Antimicrob Chemother. 2005;55(Suppl 2):ii15-20.

14. Malabarba A, Nicas TI, Thompson RC. Structural
modifications of glycopeptide antibiotics. Med Res
Rev. 1997;17:69–137.

15. Dash RP, Babu RJ, Srinivas NR. Review of the
pharmacokinetics of dalbavancin, a recently
approved lipoglycopeptide antibiotic. Infect Dis
(Lond). 2017;49:483–92.

16. Xhemali X, Smith JR, Kebriaei R, et al. Evaluation of
dalbavancin alone and in combination with b-lac-
tam antibiotics against resistant phenotypes of

Staphylococcus aureus. J Antimicrob Chemother.
2019;74:82–6.

17. Kebriaei R, Rice SA, Stamper KC, Rybak MJ. Dalba-
vancin alone and in combination with ceftaroline
against four different phenotypes of Staphylococcus
aureus in a simulated pharmacodynamic/pharma-
cokinetic model. Antimicrob Agents Chemother.
2019;63:e01743-18. https://doi.org/10.1128/aac.
01743-18.

18. Abdul-Mutakabbir JC, Kebriaei R, Stamper KC, et al.
Dalbavancin, vancomycin and daptomycin alone
and in combination with cefazolin against resistant
phenotypes of Staphylococcus aureus in a pharma-
cokinetic/pharmacodynamic model. Antibiotics.
2020;9:696.

19. CLSI. Performance Standards for Antimicrobial
Susceptibility Testing, 30th Edition. Clinical &
Laboratory Standards Institute. M100. 2020.
https://clsi.org/all-free-resources/. Accessed 1 Apr
2020.

20. Kebriaei R, Rice SA, Singh NB, et al. Combinations
of (lipo)glycopeptides with b-lactams against MRSA:
susceptibility insights. J Antimicrob Chemother.
2020;75:2894–901.

21. Billeter M, Zervos MJ, Chen AY, Dalovisio JR,
Kurukularatne C. Dalbavancin: a novel once-weekly
lipoglycopeptide antibiotic. Clin Infect Dis.
2008;46:577–83.

22. Smith JR, Roberts KD, Rybak MJ. Dalbavancin: a
novel lipoglycopeptide antibiotic with extended
activity against gram-positive infections. Infect Dis
Ther. 2015;4:245–58.

23. Benvenuto M, Benziger DP, Yankelev S, Vigliani G.
Pharmacokinetics and tolerability of daptomycin at
doses up to 12 milligrams per kilogram of body
weight once daily in healthy volunteers. Antimi-
crob Agents Chemother. 2006;50:3245–9.

24. Anon. easySpiral Dilute—Dilutor and plater |
INTERSCIENCE. https://www.interscience.com/en/
products/automatic-platers/easyspiral-dilute.
Accessed 31 Jul 2023.

25. Lee BL, Sachdeva M, Chambers HF. Effect of protein
binding of daptomycin on MIC and antibacterial
activity. Antimicrob Agents Chemother. 1991;35:
2505–8.

26. LaPlante KL, Rybak MJ. Impact of high-inoculum
Staphylococcus aureus on the activities of nafcillin,
vancomycin, linezolid, and daptomycin, alone and
in combination with gentamicin, in an in vitro
pharmacodynamic model. Antimicrob Agents
Chemother. 2004;48:4665–72. https://doi.org/10.
1128/AAC.48.12.4665-4672.2004

Infect Dis Ther (2023) 12:2485–2494 2493

https://doi.org/10.1128/aac.01743-18
https://doi.org/10.1128/aac.01743-18
https://clsi.org/all-free-resources/
https://www.interscience.com/en/products/automatic-platers/easyspiral-dilute
https://www.interscience.com/en/products/automatic-platers/easyspiral-dilute
https://doi.org/10.1128/AAC.48.12.4665-4672.2004
https://doi.org/10.1128/AAC.48.12.4665-4672.2004


27. Kebriaei R, Rice SA, Stamper KC, et al. Daptomycin
dose-ranging evaluation with single-dose versus
multidose ceftriaxone combinations against Strep-
tococcus mitis/oralis in an ex vivo simulated endo-
carditis vegetation model. Antimicrob Agents
Chemother. 2019. https://doi.org/10.1128/AAC.
00386-19.

28. Kebriaei R, Rice SA, Singh KV, et al. Influence of
inoculum effect on the efficacy of daptomycin
monotherapy and in combination with b-lactams
against daptomycin-susceptible Enterococcus faecium
harboring LiaSR substitutions. Antimicrob Agents
Chemother. 2018. https://doi.org/10.1128/AAC.
00315-18.

29. Cojutti PG, Rinaldi M, Zamparini E, et al. Popula-
tion pharmacokinetics of dalbavancin and dosing
consideration for optimal treatment of adult
patients with staphylococcal osteoarticular infec-
tions. Antimicrob Agents Chemother. 2021;65:
e02260-e2320.

30. Wenisch JM, Meyer B, Fuhrmann V, et al. Multiple-
dose pharmacokinetics of daptomycin during con-
tinuous venovenous haemodiafiltration. J Antimi-
crob Chemother. 2012;67:977–83.

31. Lenhard JR, Bulman ZP. Inoculum effect of b-lac-
tam antibiotics. J Antimicrob Chemother. 2019;74:
2825–43. https://doi.org/10.1093/jac/dkz226.

32. Brook I. Inoculum effect. Rev Infect Dis. 1989;11:
361–8.

33. Loffredo MR, Savini F, Bobone S, et al. Inoculum
effect of antimicrobial peptides. 2020: 2020.08.21.
260620. https://doi.org/10.1101/2020.08.21.
260620v1.

34. Kussmann M, Obermueller M, Berndl F, et al. Dal-
bavancin for treatment of implant-related methi-
cillin-resistant Staphylococcus aureus osteomyelitis
in an experimental rat model. Sci Rep. 2018;8:9661.

35. Ramdeen S, Boucher HW. Dalbavancin for the
treatment of acute bacterial skin and skin structure
infections. Expert Opin Pharmacother. 2015;16:
2073–81.

36. Aktas G, Derbentli S. In vitro activity of daptomycin
combined with dalbavancin and linezolid, and
dalbavancin with linezolid against MRSA strains.
J Antimicrob Chemother. 2017;72:441–3.

37. Belley A, Lalonde Seguin D, Arhin F, Moeck G.
Comparative in vitro activities of oritavancin, dal-
bavancin, and vancomycin against methicillin-re-
sistant Staphylococcus aureus isolates in a
nondividing state. Antimicrob Agents Chemother.
2016;60:4342–5.

38. Gatti M, Andreoni M, Pea F, Viale P. Real-world use
of dalbavancin in the era of empowerment of out-
patient antimicrobial treatment: a careful appraisal
beyond approved indications focusing on unmet
clinical needs. DDDT. 2021;15:3349–78.

39. Morata L, Cobo J, Fernández-Sampedro M, et al.
Safety and efficacy of prolonged use of dalbavancin
in bone and joint infections. Antimicrobl Agents
Chemother. 2019. https://doi.org/10.1128/AAC.
02280-18.

40. Skiest DJ. Treatment failure resulting from resis-
tance of Staphylococcus aureus to daptomycin. J Clin
Microbiol. 2006. https://doi.org/10.1128/JCM.44.2.
655-656.2006.

Publisher’s Note

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

2494 Infect Dis Ther (2023) 12:2485–2494

https://doi.org/10.1128/AAC.00386-19
https://doi.org/10.1128/AAC.00386-19
https://doi.org/10.1128/AAC.00315-18
https://doi.org/10.1128/AAC.00315-18
https://doi.org/10.1093/jac/dkz226
https://doi.org/10.1101/2020.08.21.260620v1
https://doi.org/10.1101/2020.08.21.260620v1
https://doi.org/10.1128/AAC.02280-18
https://doi.org/10.1128/AAC.02280-18
https://doi.org/10.1128/JCM.44.2.655-656.2006
https://doi.org/10.1128/JCM.44.2.655-656.2006

	Targeting Dalbavancin Inoculum Effect: Adjunctive Single Dose of Daptomycin
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Bacterial Strains
	Antibacterials and Media
	Susceptibility Tests
	In Vitro One-Compartment PK/PD Models
	Resistance Tests
	Statistical Tests
	Ethical Approval

	Results
	Susceptibility Tests
	Impact of DAL--DAP Combination Therapy in a PK/PD Model
	Impact of the Initial Inoculum on Efficacy of DAL Monotherapy
	PK Values

	Discussion
	Conclusion
	Author Contribution
	Data Availability
	References




