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ABSTRACT Oritavancin displayed potent and stable activity (MICy, range of 0.06 to
0.5 mg/L) over a 10-year period (2010 to 2019) against Gram-positive pathogens that
cause bloodstream infections (BSI), including methicillin-resistant Staphylococcus aureus
(MRSA) and resistant subsets of Enterococcus spp. Daptomycin and linezolid were also
active against methicillin-resistant S. aureus and vancomycin-resistant Enterococcus (VRE).
Only oritavancin and linezolid remained active against Enterococcus faecium isolates dis-
playing an elevated daptomycin MIC (i.e, 2 to 4 mg/L). Proportions of methicillin-resist-
ant S. aureus and vancomycin-resistant Enterococcus within the respective S. aureus and
enterococcal populations decreased over this period.

KEYWORDS lipoglycopeptides, E. faecium, VRE, VanA, VanB, vancomycin resistance,
daptomycin resistance

loodstream infections (BSI) are a major cause of morbidity and mortality among

healthcare- and community-associated infections. In this scenario, the emergence
and global spread of multidrug-resistant organisms, including methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus spp. (VRE), and car-
bapenem-resistant Enterobacterales imposes a serious challenge for treating BSI caused
by these pathogens (1-3).

Oritavancin is a lipoglycopeptide agent with a prolonged half-life and concentration-de-
pendent bactericidal activity against clinically relevant Gram-positive pathogens (4).
Previous studies have demonstrated that, in addition to acting against methicillin-suscepti-
ble S. aureus (MSSA), streptococci, and vancomycin-susceptible enterococci isolates, orita-
vancin shows potent activity against resistant isolates, such as MRSA and VRE (5-8).

The efficacy and safety of a single 1,200-mg dose of oritavancin over a 3-h infusion
(Orbactiv) was demonstrated previously in clinical trials (SOLO | and SOLO I studies) for treat-
ing patients with acute bacterial skin and skin structure infection (ABSSSI) (4, 9, 10). More
recently, the same oritavancin dose (1,200 mg) with a shorter infusion duration time (1 h;
Kimyrsa) was approved by the US FDA (11, 12), providing additional flexibility in treating
patients with moderate or severe ABSSSI. This study evaluated the activity of oritavancin
against a collection of Gram-positive pathogens and resistant subsets causing BSI in US medi-
cal during a 10-year (2010 to 2019) period. This study expands on a previous analysis of orita-
vancin activity against US and European Enterococcus species isolates during 2011 to 2014 (5).

Throughout 2010 to 2019, 15,403 Gram-positive bacterial pathogens causing BSI (1
per patient episode) were collected from 36 medical centers across all 9 US Census
Divisions. Bacterial confirmatory identification was performed by JMI Laboratories
(North Liberty, IA) using matrix-assisted light desorption ionization-time of flight mass
spectrometry (MALDI-TOF MS) and standard microbiology methods, such as bile
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solubility and susceptibility to optochin (see the Table 1 footnotes for a list of all iso-
lates included in the study). Susceptibility testing was performed by broth microdilu-
tion following CLSI methods (13), using either dry-form (2010 to 2014) (Thermo Fisher;
Bedford, MA) or frozen-form (2015 to 2019) panels (JMI Laboratories). MIC interpreta-
tions were based on CLSI criteria (14).

S. aureus (48.7%) alone comprised almost half of Gram-positive pathogens. The pro-
portion of methicillin resistance among S. aureus varied from 46.6% to 42.3%, and
these rates appeared to trend lower over time (Table 2). This trend was also noted in
other regional and national surveillance programs during the 2000s, likely as a result of
an increasing emphasis on hospital infection prevention, stewardship programs, and
activities directed toward healthcare quality improvement (2, 15-18). Similarly, a pro-
gressive decrease in the rate of methicillin resistance among coagulase-negative
Staphylococcus (MRCoNS) BSI was noted. Oritavancin MICs, values against S. aureus
ranged from 0.015 to 0.03 mg/L, and MIC,y, values were 0.06 mg/L irrespective of
methicillin susceptibility (Table 1). Oritavancin susceptibility rates of >99.5% were
observed during this period for S. aureus (99.5% in 2010 to 2011). Oritavancin displayed
MICs, values of 0.03 to 0.06 mg/L against CoNS. Oritavancin inhibited 98.4% to 100.0%
of CoNS isolates at =0.12 mg/L, except during 2018 to 2019 (95.3% susceptible).
Oritavancin susceptibility remained stable (>95%) across the years against MSSA,
MRSA, methicillin-susceptible CoNS, and MRCoNS, and was comparable to vancomycin,
daptomycin, and linezolid (see Table S1 in the supplemental material).

Enterococcus spp. comprised 18.8% (2,895 out of 15,403) of Gram-positive pathogens
causing BSI, where E. faecalis was the most common species (59.0%), followed by E. fae-
cium (37.4%). VRE rates within E. faecalis decreased over time, from 4.5% (2010 to 2011) to
2.2% (2018 to 2019). Likewise, vancomycin resistance (from 79.6% to 62.8%) and ampicillin
resistance (from 92.6% to 79.2%) decreased in E. faecium (Table 2). Ampicillin resistance
and VRE phenotypes were displayed by most E. faecium (87.3% were ampicillin resistant
and 72.5% were VRE), whereas only 3.6% of E. faecalis were resistant to vancomycin and
none were resistant to ampicillin (Table S2). The decline in VRE as a proportion of total
enterococcal infections may be due to the same reasons as described above for MRSA (2,
19). The past increase in VRE in the US was mostly due to the expansion of E. faecium clo-
nal complex 17 (20). The increase in ampicillin and vancomycin susceptibility may indicate
a change in the epidemiology of E. faecium causing BSI in the United States. However, this
epidemiology information was not captured for this large collection.

Oritavancin activity against E. faecalis and E. faecium was stable between 2010 and
2019. Consistent MIC;, values of 0.015 mg/L and MIC,, values of 0.03 to 0.06 mg/L
were observed in all years against E. faecalis. Oritavancin inhibited 96.2% (in 2010 to
2011) to 99.1% (in 2016 to 2017) of E. faecalis at =0.12 mg/L (Table 1). E. faecium dis-
played MIC;o/MIC,, values of 0.03/0.12 mg/L during the 2010-2011 and 2012-2013
periods, whereas MIC;,/MIC,, values of 0.015/0.06 mg/L were seen during the 2016-
2017 and 2018-2019 periods. Oritavancin susceptibility rates remained stable against
E. faecium across all time periods (97.6% to 98.6%). Many antimicrobials showed activ-
ity (>95%) against E. faecalis, such as ampicillin, daptomycin, linezolid, vancomycin,
and oritavancin, while only daptomycin, linezolid, and oritavancin remained active
against E. faecium (Table S2).

Oritavancin inhibited 97.7% of VanA and 100% of VanB E. faecium at =0.12 mg/L. In
contrast, only 32.7% of E. faecalis isolates displaying the VanA phenotype were inhib-
ited by oritavancin at =0.12 mg/L. VRE E. faecalis showed oritavancin MIC, values
ranging from 0.12 to 0.25 mg/L, whereas MIC,, values ranged from 0.015 to 0.03 mg/L
against VRE E. faecium. The greater activity of oritavancin against E. faecium compared
to E. faecalis is not well understood. Expression of vanZ or changes in LiaS sensor ki-
nase were reported as possible explanations (21).

Almost half (49.9%) of E. faecium displayed daptomycin MICs of 2 to 4 mg/L, and 9
(0.8%) isolates were resistant (MIC, =8 mg/L; Table 1). The rates of E. faecium displaying
elevated daptomycin MICs showed a progressive decrease over the study years,
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TABLE 2 Evolution of resistance phenotypes of Staphylococcus spp. and Enterococcus species isolates from BSI in US medical centers?

Antimicrobial Agents and Chemotherapy

Rates of resistance (%) per study period®

Resistance phenotype 2010-2011 2012-2013 2014-2015 2016-2017 2018-2019 All yrs
MRSA 46.6 40.1 43.7 40.4 423 43.0
MRCoNS 64.3 62.9 64.7 61.4 583 62.1
E. faecalis
VRE (=8 mg/L) 4.5 3.6 34 3.7 2.2 3.6
VanA phenotype 81.5 85.7 62.5 100.0 100.0 85.5
VanB phenotype 18.5 14.3 375 0.0 0.0 14.5
E. faecium
VRE (=8 mg/L) 79.6 77.4 67.7 66.5 62.8 72.5
VanA phenotype 96.6 98.2 95.5 96.7 93.9 96.3
VanB phenotype 34 1.8 4.5 33 6.1 37
Daptomycin-R (=8 mg/L) 0.5 0.0 1.2 1.1 1.6 0.8
Daptomycin MIC, 2-4 mg/L 62.4 60.3 48.2 335 317 49.9
Linezolid-NS (=4 mg/L) 1.7 0.7 0.6 1.1 1.1 1.2
Ampicillin-R (=16 mg/L) 92.6 90.4 87.2 81.3 79.2 87.3

aMRSA, methicillin-resistant Staphylococcus aureus; MRCoNS, methicillin-resistant coagulase-negative Staphylococcus; VRE, vancomycin-resistant Enterococcus; R, resistant;

NS, nonsusceptible.
bUsing CLSI (14) breakpoints.

ranging from 62.4% (in 2010 to 2011) to 31.7% (in 2018 to 2019) (Table 2). Oritavancin
activity against E. faecium with elevated MIC values against daptomycin (2 to 4 mg/L)
remained stable throughout the study (MIC;,/MICg,, 0.015 to 0.03/0.06 to 0.12 mg/L).
Oritavancin inhibited >97% of VRE, linezolid-nonsusceptible, and E. faecium displaying
elevated daptomycin MICs (2 to 4 mg/L) at =0.12 mg/L. Recent pharmacokinetic (PK)
analysis provide evidence that multiple oritavancin doses may be beneficial in treating
severe infections and can achieve serum concentrations above the E. faecalis suscepti-
bility breakpoint of 0.12 mg/L, for over 4 weeks (22, 23). However, clinical studies are
needed to evaluate the relationship between PK and clinical outcomes with oritavancin
treatment. Another study conducted by Belley and colleagues on the pharmacodynamic
activity of oritavancin against daptomycin-nonsusceptible VRE E. faecium suggested that a
multiple-dose strategy with oritavancin may be effective against daptomycin-nonsuscepti-
ble vancomycin-resistant E. faecium (24).

Viridans group Streptococcus isolates displayed oritavancin MIC,,/MIC,, values of
=0.008 to 0.015/0.06 to 0.25 mg/L and susceptibility rates of 93.8% to 100.0% over the
study period, while beta-hemolytic Streptococcus showed oritavancin MIC;,/MICy, val-
ues of 0.03 to 0.06/0.12 to 0.25 mg/L and susceptibility rates of 97.1% to 100.0%. The
activity of oritavancin and comparator agents against Viridans group Streptococcus and
beta-hemolytic Streptococcus are displayed in the supplemental material (Table S1).

In conclusion, we noted encouraging decreasing trends in MRSA and VRE rates.
Oritavancin showed potent and consistent activity against Gram-positive pathogens
that cause BSI in US from 2010 to 2019, including multidrug-resistant pathogens such
as MRSA, MRCoNS, VRE, and E. faecium with elevated daptomycin MIC and reduced
susceptibility to linezolid and daptomycin. Further studies are warranted to identify
appropriate oritavancin dosing strategies and the role of oritavancin in the armamen-
tarium against either susceptible or multidrug-resistant Gram-positive isolates causing
BSI and other severe infections.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.4 MB.

ACKNOWLEDGMENTS

We thank the following staff members at JMI Laboratories (North Liberty, IA, USA): A.
Chen, M. Konrardy, J. Maher, M. Janechek, and J. Oberholser for technical support and/
or assistance with manuscript preparation.

February 2022 Volume 66 Issue2 e01667-21

aac.asm.org 4


https://aac.asm.org

Oritavancin against BS| Gram-Positive Pathogens

Antimicrobial Agents and Chemotherapy

This study was performed by JMI Laboratories and supported by Melinta Therapeutics,
Inc., which included funding for services related to preparing the manuscript.

JMI Laboratories contracted to perform services in 2020 for Affinity Biosensors,
Allergan, Amicrobe, Inc, Amplyx Pharma, Artugen Therapeutics USA, Inc., Astellas,
Basilea, Beth Israel Deaconess Medical Center, BIDMC, bioMérieux, Inc., BioVersys Ag,
Bugworks, Cidara, Cipla, Contrafect, Cormedix, Crestone, Inc., Curza, CXC7, Entasis,
Fedora Pharmaceutical, Fimbrion Therapeutics, Fox Chase, GlaxoSmithKline, Guardian
Therapeutics, Hardy Diagnostics, IHMA, Janssen Research & Development, Johnson &
Johnson, Kaleido Biosciences, KBP Biosciences, Luminex, Matrivax, Mayo Clinic,
Medpace, Meiji Seika Pharma Co., Ltd., Melinta, Menarini, Merck, Meridian Bioscience
Inc., Micromyx, MicuRx, N8 Medical, Nabriva, National Institutes of Health, National
University of Singapore, North Bristol NHS Trust, Novome Biotechnologies, Paratek,
Pfizer, Prokaryotics Inc., QPEX Biopharma, Rhode Island Hospital, RIHML, Roche, Roivant,
Salvat, Scynexis, SeLux Diagnostics, Shionogi, Specific Diagnostics, Spero, SuperTrans
Medical LT, T2 Biosystems, The University of Queensland, Thermo Fisher Scientific, Tufts
Medical Center, Universite de Sherbrooke, University of 1A, University of IA Hospitals
and Clinics, University of Wisconsin, UNT System College of Pharmacy, URMC, UT
Southwestern, VenatoRx, Viosera Therapeutics, and Wayne State University.

There are no speakers’ bureaus or stock options to declare.

REFERENCES

1.

Timbrook TT, Morton JB, McConeghy KW, Caffrey AR, Mylonakis E,
LaPlante KL. 2017. The effect of molecular rapid diagnostic testing on
clinical outcomes in bloodstream infections: a systematic review and
meta-analysis. Clin Infect Dis 64:15-23. https://doi.org/10.1093/cid/
ciw649.

. Diekema DJ, Hsueh PR, Mendes RE, Pfaller MA, Rolston KV, Sader HS,

Jones RN. 2019. The microbiology of bloodstream infection: 20-year
trends from the SENTRY Antimicrobial Surveillance Program. Antimi-
crob Agents Chemother 63:e00355. https://doi.org/10.1128/AAC
.00355-19.

. CDC. 2019. Antibiotic resistance threats in the United States, 2019. Avail-

able at https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar
-threats-report-508.pdf. Accessed April 2020.

. Corey GR, Kabler H, Mehra P, Gupta S, Overcash JS, Porwal A, Giordano P,

Lucasti C, Perez A, Good S, Jiang H, Moeck G, O'Riordan W, Investigators
SI, SOLO | Investigators. 2014. Single-dose oritavancin in the treatment of
acute bacterial skin infections. N Engl J Med 370:2180-2190. https://doi
.org/10.1056/NEJMoa1310422.

. Mendes RE, Sader HS, Castanheira M, Flamm RK. 2018. Distribution of

main Gram-positive pathogens causing bloodstream infections in the
United States and European hospitals during the SENTRY Antimicrobial
Surveillance Program (2010-2016): concomitant analysis of oritavancin in
vitro activity. J Chemother 30:280-289. https://doi.org/10.1080/1120009X
.2018.1516272.

. Pfaller MA, Sader HS, Flamm RK, Castanheira M, Mendes RE. 2018. Ori-

tavancin in vitro activity against Gram-positive organisms from Euro-
pean and United States medical centers: results from the SENTRY
Antimicrobial Surveillance Program for 2010-2014. Diagn Microbiol
Infect Dis 91:199-204. https://doi.org/10.1016/j.diagmicrobio.2018
.01.029.

. Mendes RE, Castanheira M, Farrell DJ, Flamm RK, Sader HS, Jones RN.

2016. Longitudinal (2001-14) analysis of enterococci and VRE causing
invasive infections in European and US hospitals, including a contempo-
rary (2010-13) analysis of oritavancin in vitro potency. J Antimicrob Che-
mother 71:3453-3458. https://doi.org/10.1093/jac/dkw319.

. Bloem A, Bax HI, Yusuf E, Verkaik NJ. 2021. New-generation antibiotics

for treatment of Gram-positive infections: a review with focus on en-
docarditis and osteomyelitis. JCM 10:1743. https://doi.org/10.3390/
jcm10081743.

. Corey GR, Good S, Jiang H, Moeck G, Wikler M, Green S, Manos P, Keech R,

Singh R, Heller B, Bubnova N, O'Riordan W, Investigators SI, SOLO Il Inves-
tigators. 2015. Single-dose oritavancin versus 7-10 days of vancomycin in
the treatment of Gram-positive acute bacterial skin and skin structure

February 2022 Volume 66 Issue2 e01667-21

14.

infections: the SOLO Il noninferiority study. Clin Infect Dis 60:254-262.
https://doi.org/10.1093/cid/ciu778.

. Corey GR, Loutit J, Moeck G, Wikler M, Dudley MN, O'Riordan W, Solo

I, Investigators SI. 2018. Single intravenous dose of oritavancin for
treatment of acute skin and skin structure infections caused by Gram-
positive bacteria: summary of safety analysis from the Phase 3 SOLO
Studies. Antimicrob Agents Chemother 62:¢01919. https://doi.org/10
.1128/AAC.01919-17.

. USFDA. 2014. ORBACTIV package insert. Available at https://www.accessdata

fda.gov/drugsatfda_docs/label/2014/206334s000Ibl.pdf. Accessed May 2021.

. USFDA. 2021. KIMYRSATM package insert. Available at https://www.accessdata

fda.gov/drugsatfda_docs/label/2021/214155s000Ibl.pdf. Accessed May 2021.

. CLSI. 2018. M07: Methods for dilution antimicrobial susceptibility tests for

bacteria that grow aerobically, 11 ed. Clinical and Laboratory Standards
Institute, Wayne, PA.

CLSI. 2021. M100: Performance standards for antimicrobial susceptibility
testing: 31st informational supplement, 31 ed. Clinical and Laboratory
Standards Institute, Wayne, PA.

. Burton DC, Edwards JR, Horan TC, Jernigan JA, Fridkin SK. 2009. Methicil-

lin-resistant Staphylococcus aureus central line-associated bloodstream
infections in US intensive care units, 1997-2007. JAMA 301:727-736.
https://doi.org/10.1001/jama.2009.153.

. Sader HS, Mendes RE, Streit JM, Flamm RK. 2017. Antimicrobial suscepti-

bility trends among Staphylococcus aureus from U. S. hospitals: results
from 7 years of the ceftaroline (AWARE) surveillance program (2010-
2016). Antimicrob Agents Chemother 61:€01043. https://doi.org/10.1128/
AAC.01043-17.

. Weiner LM, Webb AK, Limbago B, Dudeck MA, Patel J, Kallen AJ, Edwards JR,

Sievert DM. 2016. Antimicrobial-resistant pathogens associated with health-
care-associated infections: summary of data reported to the National Health-
care Safety Network at the Centers for Disease Control and Prevention,
2011-2014. Infect Control Hosp Epidemiol 37:1288-1301. https://doi.org/10
.1017/ice.2016.174.

. Kourtis AP, Hatfield K, Baggs J, Mu Y, See |, Epson E, Nadle J, Kainer MA,

Dumyati G, Petit S, Ray SM, Ham D, Capers C, Ewing H, Coffin N,
McDonald LC, Jernigan J, Cardo D, Emerging Infections Program Mag.
2019. Vital signs: epidemiology and recent trends in methicillin-resistant
and in methicillin-susceptible Staphylococcus aureus bloodstream infec-
tions—United States. MMWR Morb Mortal Wkly Rep 68:214-219. https://
doi.org/10.15585/mmwr.mm6809e1.

. Magill SS, O'Leary E, Janelle SJ, Thompson DL, Dumyati G, Nadle J, Wilson LE,

Kainer MA, Lynfield R, Greissman S, Ray SM, Beldavs Z, Gross C, Bamberg W,
Sievers M, Concannon C, Buhr N, Warnke L, Maloney M, Ocampo V, Brooks J,
Oyewumi T, Sharmin S, Richards K, Rainbow J, Samper M, Hancock EB,

aacasm.org 5


https://doi.org/10.1093/cid/ciw649
https://doi.org/10.1093/cid/ciw649
https://doi.org/10.1128/AAC.00355-19
https://doi.org/10.1128/AAC.00355-19
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://doi.org/10.1056/NEJMoa1310422
https://doi.org/10.1056/NEJMoa1310422
https://doi.org/10.1080/1120009X.2018.1516272
https://doi.org/10.1080/1120009X.2018.1516272
https://doi.org/10.1016/j.diagmicrobio.2018.01.029
https://doi.org/10.1016/j.diagmicrobio.2018.01.029
https://doi.org/10.1093/jac/dkw319
https://doi.org/10.3390/jcm10081743
https://doi.org/10.3390/jcm10081743
https://doi.org/10.1093/cid/ciu778
https://doi.org/10.1128/AAC.01919-17
https://doi.org/10.1128/AAC.01919-17
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/206334s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/206334s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/214155s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/214155s000lbl.pdf
https://doi.org/10.1001/jama.2009.153
https://doi.org/10.1128/AAC.01043-17
https://doi.org/10.1128/AAC.01043-17
https://doi.org/10.1017/ice.2016.174
https://doi.org/10.1017/ice.2016.174
https://doi.org/10.15585/mmwr.mm6809e1
https://doi.org/10.15585/mmwr.mm6809e1
https://aac.asm.org

Carvalhaes et al.

20.

21.

Leaptrot D, Scalise E, Badrun F, Phelps R, Edwards JR, Emerging Infections
Program Hospital Prevalence Survey T. 2018. Changes in prevalence of health
care-associated infections in U.S. hospitals. N Engl J Med 379:1732-1744.
https://doi.org/10.1056/NEJMoa1801550.

Galloway-Pena JR, Nallapareddy SR, Arias CA, Eliopoulos GM, Murray BE.
2009. Analysis of clonality and antibiotic resistance among early clinical
isolates of Enterococcus faecium in the United States. J Infect Dis 200:
1566-1573. https://doi.org/10.1086/644790.

Miller WR, Murray BE, Rice LB, Arias CA. 2020. Resistance in vancomycin-
resistant enterococci. Infect Dis Clin North Am 34:751-771. https://doi
.org/10.1016/j.idc.2020.08.004.

February 2022 Volume 66 Issue2 e01667-21

22.

23.

24,

Antimicrobial Agents and Chemotherapy

Rose WE, Hutson PR. 2020. A two-dose oritavancin regimen using phar-
macokinetic estimation analysis. Drugs Real World Outcomes 7:36-40.
https://doi.org/10.1007/s40801-020-00188-6.

Schulz LT, Dworkin E, Dela-Pena J, Rose WE. 2018. Multiple-dose oritavancin
evaluation in a retrospective cohort of patients with complicated infections.
Pharmacotherapy 38:152-159. https://doi.org/10.1002/phar.2057.

Belley A, Arhin FF, Moeck G. 2018. Evaluation of oritavancin dosing
strategies against vancomycin-resistant Enterococcus faecium iso-
lates with or without reduced susceptibility to daptomycin in an in
vitro pharmacokinetic/pharmacodynamic model. Antimicrob Agents
Chemother 62:€01873. https://doi.org/10.1128/AAC.01873-17.

aac.asm.org 6


https://doi.org/10.1056/NEJMoa1801550
https://doi.org/10.1086/644790
https://doi.org/10.1016/j.idc.2020.08.004
https://doi.org/10.1016/j.idc.2020.08.004
https://doi.org/10.1007/s40801-020-00188-6
https://doi.org/10.1002/phar.2057
https://doi.org/10.1128/AAC.01873-17
https://aac.asm.org

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

