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ABSTRACT MATERIALS AND METHODS

Background: Plazomicin is a next generation aminoglycoside that is stable against
common aminoglycoside modifying enzymes and displays activity against
Enterobacteriaceae, S. aureus (SA), including methicillin-resistant isolates, and some P.
aeruginosa (PSA). Like other aminoglycosides, this agent is not active against isolates
producing 16S rRNA methylases (RNAmet). We evaluated the activity of plazomicin and
comparators tested against 3,660 clinical isolates collected in hospitals from the Asia-Pacific
(APAC), Europe and Latin America (LATAM) during 2014.

Materials/methods: 3,224 Enterobacteriaceae, 236 Gram-positive cocci, 100 PSA and 100
Acinetobacter spp. were collected in hospitals in APAC (n=789), Europe (n=2315) and
LATAM (n=556). Isolates were susceptibility (S) tested using the reference broth
microdilution method. CLSI and EUCAST interpretative criteria were applied.
Enterobacteriaceae displaying plazomicin MICs 2128 mg/L were screened for the presence
of RNAmet-encoding genes using PCR and sequencing.

Results: Overall, plazomicin (MICg,4o, 0.5/2 mg/L) inhibited 89.4 and 96.2% of
Enterobacteriaceae at <1 and <2 mg/L, respectively; the number of isolates inhibited at
these values were 91.8 and 96.8% in APAC, 88.7 and 96.1% in Europe and 88.8 and 95.6%
in LATAM. Plazomicin displayed good activity against E. coli (MICgy/q9, 0.5/1 mg/L), K.
pneumoniae (KPN; MICg,qo, 0.25/0.5 mg/L) and E. cloacae (MICgq9y, 0.5/0.5 mg/L). Among
ESBL-phenotype isolates, 98.8% of the E. coli (one isolate displayed MIC at 16 and two at
>128 mg/L) and 92.9% of KPN were inhibited at <2 mg/L of plazomicin. Additionally, 86.7%
of the carbapenem-resistant Enterobacteriaceae (CRE) were inhibited by plazomicin at <2
mg/L. Among 55 (1.7%) Enterobacteriaceae with plazomicin MIC results =8 mg/L, 33 were
KPN (3.0% for this species) and, of these, 30 had plazomicin MICs 2128 mg/L (17 [2.4%]
from Europe, nine [3.9%] from APAC, and four [2.6%] from LATAM). Plazomicin MICs for
Indole-positive Proteus spp. and P. mirabilis were slightly higher (MICgy,q,, 1/4 and 2/4 mgl/L,
respectively) when compared to other Enterobacteriaceae species. All 36 (1.1%)
Enterobacteriaceae isolates displaying plazomicin MICs of 2128 mg/L carried RNAmet -
encoding genes: 19 rmtB, eight rmtF, seven armA and one each of rmtA, rmtC and rmtD1.
Plazomicin (MICs,q0, 4/8 mg/L) inhibited 67.0% of PSA at =4 mg/L (68.0% in APAC, 70.0%
in Europe and 60.0% in LATAM). All coagulase-negative staphylococci (MICgqqp, 0.12/0.25
mg/L) were inhibited by plazomicin at <0.25 mg/L, and 98.4 and 100.0% of S. aureus
(MICqg60, 0.5/1 mg/L) were inhibited at <1 and <2 mg/L, respectively. Plazomicin activity was
limited against Acinetobacter spp. (MICgq,q0, 32/>128 mg/L), Enterococcus spp. and S.
pneumoniae (MICg,qy, 64/64 mg/L for both).

Conclusions: Plazomicin displayed good activity against contemporary Enterobacteriaceae
isolates, including CRE isolates. In all cases where plazomicin MICs were 2128 mg/L, the
isolates produced RNAmet. This compound was also potent against staphylococci, but its
activity was compromised for PSA, Acinetobacter spp. and streptococci.

INTRODUCTION

Patients with prolonged hospitalization, including those in intensive care or long-term care
facilities, immunodeficient patients and others with malignant conditions often develop
infections and many of these are caused by multidrug-resistant (MDR) organisms. Among
species commonly highlighted as MDR are Enterobacteriaceae, including carbapenem-
resistant isolates (CRE), pan- and extremely-drug resistant Pseudomonas aeruginosa,
Acinetobacter baumannii and Gram-positive species, including Enterococcus faecium and
Staphylococcus aureus. The urgent need for monitoring initiatives and new therapeutic options
for these organisms has been recognized by the medical and scientific communities and
although various new antimicrobial agents for Gram-positive infections have been approved,
the number of candidates for treating Gram-negative infections or broader-spectrum agents
even in late stages of development is still limited.

Plazomicin is a next-generation aminoglycoside synthetically derived from sisomicin and
designed to have stability against most aminoglycoside modifying enzymes. This new
generation aminoglycoside has activity against Enterobacteriaceae and some P. aeruginosa
and Staphylococcus spp., including methicillin-resistant (MRSA) isolates. As with all other
aminoglycosides, plazomicin activity is affected by the presence of 16S rRNA methylases.

In this study, we evaluated the activity of plazomicin against a collection of 3,660 clinical
isolates collected in Asia-Pacific, Europe and Latin America during 2014, including 3,224
Enterobacteriaceae, 236 Gram-positive cocci, 100 P. aeruginosa and 100 Acinetobacter spp.
Additionally, the presence of 16S rRNA methylases was evaluated among Enterobacteriaceae
isolates displaying plazomicin MIC results of 2128 mg/L.
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Bacterial isolates. A total of 3,660 clinical isolates, including 3,224 Enterobacteriaceae, 236
Gram-positive cocci, 100 P. aeruginosa and 100 Acinetobacter spp., collected during 2014
in medical centers located in 37 nations in Europe (n=44; 2,315; 63.2%), Latin America
(n=10; 556; 15.2%) and Asia-Pacific (n=15; 789 isolates; 21.6%) were evaluated. Only
clinically significant isolates were included in the study (one per patient episode). Species
identification was confirmed when necessary by Matrix-Assisted Laser Desorption
lonization-Time Of Flight mass spectrometry (MALDI-TOF MS) using the Bruker Daltonics
MALDI Biotyper (Billerica, Massachusetts, USA), following manufacturer instructions.

Antimicrobial susceptibility testing. All isolates were susceptibility tested against plazomicin
and comparator agents using the reference broth microdilution method as described by the
Clinical and Laboratory Standards Institute (CLSI). Categorical interpretations for all
comparator agents were those found in CLSI criteria in M100-S26 (2016), EUCAST
breakpoint tables (version 6.0, January 2016) and/or United States Food and Drug
Administration (US-FDA) package inserts. Quality control (QC) was performed using
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213, Pseudomonas
aeruginosa ATCC 27853, Enterococcus faecalis ATCC 29212 and Streptococcus
pneumoniae ATCC 49619. All QC MIC results were within acceptable ranges as published
in CLSI documents.

Definitions. ESBL-phenotype criteria was applied for E. coli, Klebsiella spp. (including K.
pneumoniae and K. oxytoca) and P. mirabilis displaying a MIC value =2 mg/L for
ceftriaxone or ceftazidime or aztreonam (CLSI, 2016). Carbapenem-resistant
Enterobacteriaceae (CRE) was defined as any isolate exhibiting an imipenem and/or
meropenem MIC value 22 mg/L (Proteus mirabilis and indole-positive Proteae were not
included due to the intrinsically elevated MIC values).

Screening for 16S rRNA methylases. All Enterobacteriaceae isolates displaying plazomicin
MIC results of 2128 mg/L were screened for the presence of 16S rRNA methylase-
encoding genes, including armA, rmtA through rmtH, and npmA, by PCR using custom
primers. Amplicons were sequenced on both strands and nucleotide sequences obtained
were analyzed using the Lasergene® software package (DNAStar; Madison, Wisconsin,
USA) and compared to available sequences via NCBI BLAST search
(http://www.ncbi.nlm.nih.gov/blast/).

RESULTS

* Plazomicin (MICg, and MICg,, 0.5 and 2 mg/L) displayed good activity against 3,224
Enterobacteriaceae isolates, and 89.4 and 96.2% of these isolates were inhibited by
plazomicin at <1 and <2 mg/L, respectively (Table 1).

+ The activity of plazomicin against Enterobacteriaceae was similar in all three regions
analyzed and MIC;, and MICgy, results were 0.5 and 1 mg/L for isolates collected in Asia-
Pacific, and 0.5 and 2 mg/L for both Europe and Latin America, respectively (Table 2).

* Plazomicin MICg4, values ranged from 0.5 to 1 mg/L for most Enterobacteriaceae
species, including E. coli (MICgy,90, 0.5/1 mg/L), K. pneumoniae (MICg;,q9, 0.25/0.5 mg/L)
and E. cloacae (MICg9,, 0.5/0.5 mg/L). Similar to observed with other aminoglycosides
(data not shown), the activity of plazomicin against Proteus mirabilis (MICq,, 4 mg/L) and
indole-positive Proteus species (MICy,, 4 mg/L) was four- to eight-fold higher when
compared to most other Enterobacteriaceae species (Table 1).

» Atotal of 772 isolates with an ESBL-phenotype (includes 256 E. coli, 40 K. oxytoca, 464
K. pneumoniae and 12 P. mirabilis) were observed and plazomicin (MIC, and MICg,, 0.5
and 1 mg/L) displayed good activity against these isolates, which was comparable to the
activity of this compound against the overall Enterobacteriaceae collection (Table 1).

» Plazomicin inhibited 86.7% of the 150 CRE isolates at <2 mg/L (Table 2). Plazomicin
activity against CRE varied considerably in the different regions and MIC;, and MICg,
results were 128 and >128 mg/L for isolates collected in Asia-Pacific, 0.5 and 2 mg/L for
Europe and 0.5 and >128 mg/L for Latin America, respectively (Table 2), mainly due to
the presence of 16S rRNA methylase encoding genes in Asia-Pacific and Latin America.

» Plazomicin displayed good activity against isolates non-susceptible (per EUCAST
criteria) to gentamicin (MICg, and MIC,,, 0.5 and 4 mg/L) or tobramycin (MIC;, and
MICg4,, 0.5 and 2 mg/L). Overall, the activity of this compound was still limited against
amikacin non-susceptible isolates (MICg, and MIC,,, >128 and >128 mg/L) that might
carry 16S rRNA methylase encoding genes. The activity of plazomicin against these
isolates was greater in Europe and Latin America (MICg, and MIC,, 0.5 and >128 mg/L)
when compared to the Asia-Pacific (MICg,q0, 128/>128 mg/L; Table 2).

» All 36 (1.1%) Enterobacteriaceae isolates displaying plazomicin MIC results at 2128
mg/L carried 16S rRNA methylase encoding genes, as follows: 19 rmtB, eight rmtF,
seven armA, one of each rmtA, rmtC and rmtD1 (Figure 1). One K. pneumoniae
isolate from Poland was positive for both armA and rmtA.

* Plazomicin (MIC5, and MICg,, 4 and 8 mg/L) inhibited 67.0% of P. aeruginosa at <4
mg/L and 91% at <8 mg/L (Table 1).

+ All coagulase-negative staphylococci (MIC5, and MIC,, 0.12 and 0.25 mg/L) were
inhibited by plazomicin at <0.25 mg/L.

» Plazomicin was very active against S. aureus (MICg, and MIC,, 0.5 and 1 mg/L)

and MIC values ranged from 0.12 to 2 mg/L. The activity of this compound was

maintained against MRSA isolates (MIC5, and MIC,, 0.5 and 0.5 mg/L).

» As with other aminoglycosides (data not shown), the activity of plazomicin activity
was limited against Acinetobacter spp. (MICgyqq, 32/>128 mg/L), Enterococcus spp.
and S. pneumoniae (MICgy,q,, 64/64 mg/L for both; Table 1).

Table 1. Antimicrobial activity of plazomicin tested against the main organisms, organism groups, and resistant subsets of isolates

submitted during 2014 from Asia-Pacific, Europe and Latin America.

No. of No. of isolates at plazomicin MIC (mg/L; cumulative %):
isolates
Organism/Organism group/Phenotype tested <0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 >128 MICg, MICq,
Enterobacteriaceae 3224 27 (0.8) 866 (27.7) 1275 (67.2) 714 (89.4) 218 (96.2) 69 (98.3) 12(98.7) 6(98.9) 1(98.9) 0(98.9) 5(99.0) 31 (100.0) 0.5 2
ESBL-phenotype 772 10 (1.3) 296 (39.6) 272 (74.9) 134 (92.2) 21(94.9) 2(95.2) 1(95.3) 3(95.7) 0(95.7) 0(95.7) 5(96.4) 28 (100.0) 0.5 1
Escherichia coli 1188 1(0.2) 73 (6.2) 580 (55.1) 457 (93.5) 66(99.1) 7(99.7) 0(99.7) 2(99.8) 0(99.8) 0(99.8) 0(99.8) 2(100.0) 0.5 1
Klebsiella pneumoniae 1085 21(1.9) 648 (61.7) 351(94.0) 27(96.5) 5(97.0) 0(97.0)0 1(97.1) 2(97.2) 0(97.2) 0(97.2) 5(97.7) 25(100.0) 025 05
Klebsiella oxytoca 188 31(16.5) 129(85.1) 25(98.4) 2(99.5) 0(99.5) 1 (100.0) 0.5 1
Enterobacter aerogenes 93 16 (17.2) 59(80.6) 17(98.9) 1 (100.0) 0.5 1
Enterobacter cloacae species complex 104 2(1.9) 33(33.7) 62(93.3) 6(99.00 0(99.0) 0(99.0) 0(99.0)0 0(99.0)0 0(99.0) 0(99.0) 0(99.0) 1 (100.0) 0.5 0.5
Serratia marcescens 102 8 (7.8) 87 (93.1) 7(100.0) 1 1
Citrobacter freundii species complex 77 24 (31.2) 42(85.7) 7(94.8) 4(100.0) 0.5 1
Citrobacter koseri 76 3(3.9) 40(56.6) 28(93.4) 5(100.0) 0.25 05
Morganella morganii 83 5 (6.0) 23(33.7) 26 (65.1) 22(91.6) 4(96.4) 2(98.8) 1 (100.0) 2 4
Proteus mirabilis 108 1(0.9) 1(1.9) 17 (17.6) 66(78.7) 21(98.1) 0(98.1) 0(98.1) 0(98.1) 0(98.1) 0(98.1) 2(100.0) 2 4
Proteus vulgaris 66 7(10.6) 28(53.0) 21(84.8) 8(97.0) 2 (100.0) 1 4
Providencia spp. 54 3(5.6) 15(33.3) 20(70.4) 11(90.7) 4(98.1) 0(98.1) 0(98.1) 0(98.1) 0(98.1) 1(100.0) 2 4
Pseudomonas aeruginosa 100 1(1.0) 2 (3.0 2(5.00 16(21.0) 46 (67.0) 24 (91.0) 7(98.0) 1(99.0)0 0(99.0) 0(99.0) 1 (100.0) 4 8
Acinetobacter spp. 100 1(1.0) 2(3.0) 10(13.0) 7(20.0) 8(28.0)0 4(32.0) 9(41.0) 8(49.00 9(58.0)0 5(63.0) 0(63.0) 37 (100.0) 32 >128
Coagulase-negative staphylococci 61 22(36.1) 23(73.8) 16 (100.0) 0.12 0.25
Staphylococcus aureus 64 2(3.1) 23(39.1) 32(89.1) 6(98.4) 1(100.0) 0.5 1
MRSA 20 6(30.0)0 12(90.0) 2 (100.0) 0.5 0.5
Streptococcus pneumoniae 51 1(2.0) 0(2.0) 17 (35.3) 32(98.0) 1(100.0) 64 64
Enterococcus spp. 60 8 (13.3) 12(33.3) 4(40.0) 3(45.0) 27 (90.0) 6 (100.0) 64 64

Table 2. Activity of plazomicin against Enterobacteriaceae isolates, CRE and aminoglycoside non-susceptible isolates collected during 2014

by region.

) No. of No. of isolates at plazomicin MIC (mg/L; cumulative %):
Organism group/ isolates
Phenotype/Region tested 0.12 0.25 0.5 1 2 4 8 16 32 64 128 >128 MIC;,  MICq,
Enterobacteriaceae
All regions 3224 27 (0.8) 866 (27.7) 1275(67.2) 714 (89.4) 218(96.2) 69 (98.3) 12(98.7) 6(98.9) 1 (98.9) 0(98.9) 5(99.0) 31 (100.0) 0.5 2
Asia-W. Pacific 685 10(1.5) 180(27.7) 301 (71.7) 138(91.8) 34(96.8) 9(98.1) 1(98.2) 0(98.2) 1(98.4) 0(98.4) 3(98.8) 8(100.0) 0.5 1
Europe 2085 13 (0.6) 569 (27.9) 812 (66.9) 456 (88.7) 153 (96.1) 48(98.4) 9 (98.8) 6(99.1) 0(99.1) 0(99.1) 2(99.2) 17 (100.0) 0.5 2
Latin America 454 4(09) 117 (26.7) 162(62.3) 120(88.8) 31(95.6) 12(98.2) 2(98.7) 0(98.7) 0(98.7) 0(98.7) 0(98.7) 6(100.0) 0.5 2
CRE
All regions 150 2(1.3) 63 (43.3) 47 (74.7) 15 (84.7) 3 (86.7) 0 (86.7) 1(87.3) 2 (88.7) 0 (88.7) 0 (88.7) 5(92.0) 12 (100.0) 0.5 128
Asia-W. Pacific 114 51 (44.7) 39 (78.9) 12 (89.5) 3(92.1) 0(92.1) 1(93.0) 2(94.7) 0(94.7) 0(94.7) 2(96.5) 4 (100.0) 0.5 2
Europe 25 12 (48.0) 7 (76.0) 3(88.0) 0 (88.0) 0 (88.0) 0 (88.0) 0 (88.0) 0 (88.0) 0 (88.0) 0(88.0) 3(100.0) 0.5 >128
Latin America 11 2 (18.2) 0(18.2) 1(27.3) 0 (27.3) 0 (27.3) 0 (27.3) 0 (27.3) 0 (27.3) 0 (27.3) 0 (27.3) 3(54.5) 5(100.0) 128 >128
Gentamicin-non-susceptible
All regions 556 5(.9) 178(32.9) 173(64.0) 96(81.3) 39(88.3) 17(91.4) 8(92.8) 4 (93.5) 0(93.5) 0(93.5) 5(94.4) 31 (100.0) 0.5 4
Asia-W. Pacific 102 3(2.9) 18 (20.6) 38 (57.8) 24 (81.4) 7(88.2) 0(88.2) 1(89.2) 0(89.2) 0(89.2) 0(89.2) 3(92.2) 8(100.0) 0.5 128
Europe 324 113 (34.9) 103(66.7) 41(79.3) 26(87.3) 12(91.0) 6(92.9) 4(94.1) 0(94.1) 0(94.1) 2(94.8) 17 (100.0) 0.5 4
Latin America 130 2(1.5) 47 (37.7) 32 (62.3) 31(86.2) 6(90.8) 5(94.6) 1(95.4) 0(95.4) 0(95.4) 0(95.4) 0(95.4) 6(100.0) 0.5 2
Tobramycin-non-susceptible
All regions 744 7(0.9) 257(35.5) 240(67.7) 138(86.3) 40(91.7) 16(93.8) 6(94.6) 4 (95.2) 0(95.2) 0(95.2) 5(95.8) 31 (100.0) 0.5 2
Asia-W. Pacific 133 3(2.3) 30 (24.8) 53 (64.7) 27 (85.0) 9(91.7) 0(91.7) 0(91.7) 0(91.7) 0(91.7) 0(91.7) 3(94.0) 8(100.0) 0.5 2
Europe 448 2(0.4) 167 (37.7) 146(70.3) 68(85.5) 26(91.3) 11(93.8) 5(94.9) 4 (95.8) 0 (95.8) 0 (95.8) 2(96.2) 17 (100.0) 0.5 2
Latin America 163 2(1.2) 60 (38.0) 41 (63.2) 43 (89.6) 5(92.6) 5(95.7) 1 (96.3) 0 (96.3) 0 (96.3) 0 (96.3) 0(96.3) 6(100.0) 0.5 2
Amikacin-non-susceptible
All regions 174 61 (35.1) 44 (60.3) 18 (70.7) 4 (73.0) 7 (77.0) 2 (78.2) 2 (79.3) 0 (79.3) 0 (79.3) 5(82.2) 31 (100.0) >128 >128
Asia-W. Pacific 17 3(17.6) 3(35.3) 0(35.3) 0(35.3) 0(35.3) 0(35.3) 0(35.3) 0(35.3) 0(35.3) 3(52.9) 8(100.0) 128 >128
Europe 128 46 (35.9) 38 (65.6) 15 (77.3) 3(79.7) 4 (82.8) 1(83.6) 2 (85.2) 0(85.2) 0(85.2) 2(86.7) 17 (100.0) 0.5 >128
Latin America 29 12 (41.4) 3(51.7) 3(62.1) 1 (65.5) 3 (75.9) 1(79.3) 0(79.3) 0(79.3) 0(79.3) 0(79.3) 6(100.0) 0.5 >128
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Figure 1. Distributions of 16S rRNA methylases detected
among Enterobacteriaceae species and regions.
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CONCLUSIONS

» Plazomicin displayed good activity against Enterobacteriaceae isolates,
including isolates displaying an ESBL-phenotype and CRE isolates from
Europe and Latin America. Additionally, plazomicin displayed good activity
against Enterobacteriaceae isolates from Europe and Latin America that
were non-susceptible to other aminoglycosides and did not carry genes
encoding 16S rRNA methylases.

» All of the Enterobacteriaceae isolates displaying highly elevated plazomicin
MIC values (2128 mg/L) produced 16S rRNA methylases that confer pan-
aminoglycoside resistance.

* Plazomicin MIC values for P. aeruginosa were higher when compared to
Enterobacteriaceae isolates and the activity of this compound was two- to
eight-fold lower than other aminoglycosides (data not shown).

* The activity of plazomicin against Staphylococcus spp. was very good,
regardless of the species or methicillin-resistance phenotype.

» Plazomicin demonstrated good activity against Enterobacteriaceae,
including MDR isolates, tested in this study. The activity of plazomicin
against Staphylococcus spp. is also a valuable characteristic.
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