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Background and Objectives

Globally enterococci are thought to account for approximately 10% of all bacteraemias, and in North
America and Europe is the fourth and fifth leading cause of sepsis respectively.12 Although in the 1970s
healthcare-associated enterococcal infections were primarily due to Enterococcus faecalis, there has been
a steadily increasing prevalence of E. faecium nosocomial infections.?> Worldwide the increase in
nosocomial E. faecium infections has primarily been due to the expansion of polyclonal hospital-adapted
clonal complex (CC) 17 strains. While innately resistant to many classes of antibiotics, E. faecium has
demonstrated a remarkable capacity to evolve new antimicrobial resistances. In 2009 the Infectious
Diseases Society of America highlighted E. faecium as one of the key problem bacteria or ESKAPE
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacter species) pathogens requiring new therapies.®

The Australian Group on Antimicrobial Resistance (AGAR) is a network of laboratories located across
Australia that commenced surveillance of antimicrobial resistance in Enterococcus species in 1995.7 In
2011 AGAR commenced the Australian Enterococcal Sepsis Outcome Programme (AESOP).8 The
objective of AESOP 2015 was to determine the proportion of E. faecalis and E. faecium bacteraemia
isolates demonstrating antimicrobial resistance with particular emphasis on:

1. Assessing susceptibility to ampicillin
2. Assessing susceptibility to glycopeptides
3. Molecular epidemiology of E. faecium



Results

From the 1st January 2015 to the 31t December 2015, 1,014 episodes of enterococcal bacteraemia from
31 laboratories have been reported. Isolates were collected from all states and territories. A new
Enterococcus sepsis episode in the same patient was recorded if it was confirmed by a further culture of
blood taken more than 14 days after the initial positive culture. Each episode of bacteraemia was
designated hospital onset (HO) if the first positive blood culture(s) in an episode was collected >48 hours
after admission.

Almost all patients were admitted to hospital: 997/1,014 (98.3%)

Enterococcal Episodes by Region

E. faecalis and E. faecium accounted for 95.3% of the isolates identified to species level (Table 1).

Table 1: Enterococcal Episodes by region

E. faecalis E. faecium Enterococcus
sp*

ACT 35 22 1 58
NSW 151 116 21 288
NT 10 8 18
Qld 96 31 4 131
SA 59 44 6 109
Tas 12 8 20
Vic 110 121 7 238
WA 91 53 8 152
Australia (%) 565 (55.7) 402 (39.6) 47 (4.6) 1,014 (100)

*E. casseliflavus (n=16), E. avium (11), E. gallinarum (7), E. raffinosus (7), E. hirae (4),E. gilvus (1), E. durans (1)

ACT= Australian Capital Territory, NSW = New South Wales, NT = Northern Territory, Qld = Queensland, SA = South Australia, Tas
= Tasmania, Vic = Victoria, WA = Western Australia.



Place of Onset of Bacteraemia
Data on the place of onset was available for 1,011 (99.7%) episodes of bacteraemia (Table 2).

There was a significant difference between community and hospital-onset E. faecalis, E. faecium and
Enterococcus sp. E. faecalis and Enterococcus sp were predominantly community-onset (blood taken on
or before admission or <48hrs after hospital admission): 364/565 (64.8%; 95%CI: 60.4-68.7) and 37/47
(78.7%; 95%CI: 64.3-89.3) respectively. E. faecium was predominantly hospital-onset 290/402 (72.1%;
95%Cl: 67.4-76.4).

Table 2: Enterococcus faecalis and Enterococcus faecium by Place of Onset

Organism Community-onset Hospital-Onset (%)

(%)
E. faecalis 364 (64.8) 198 (35.2) 565 <0.0001
E. faecium 112 (27.9) 290 (72.1) 402 <0.0001
Other Enterococcus 37 (78.7) 10 (21.3) 47 <0.0001
Sp
All 513 (50.7) 498 (49.3) 1,011

Thirty Day All -Cause Mortality

The 30 day all-cause mortality data was available for 891 (87.9%) episodes of bacteraemia (Table 3).

The 30 day all-cause mortality for enterococcal bacteraemia was 20.0%. There was a significant difference
in the 30 day all-cause mortality between E. faecium and E. faecalis: 97/372 (26.1%) and 76/480 (15.8%)
respectively (p=0.0003).

There was no significant difference in the 30 day all-cause mortality between community onset vs hospital
onset enterococcal bacteraemia.

Table 3: Thirty Day All-cause Mortality: Enterococcus species versus Place of Onset.

Species Community-Onset Hospital-onset

N Mortality N Mortality N Mortality

(%) (%) (%)

All E. faecalis 310 50 (16.1) 170 26 (15.2) 480 76 (15.8) ns*
All E. faecium 97 24 (24.7) 275 73 (26.6) 372 97 (26.1) ns
Other 29 4 (13.8) 10 3 (30) 39 7 (57.1) ns
Enterococcus
sp
All 436 78 (17.9) 455 102 (22.4) 891 180 (20.2) ns

*No significant difference



Thirty day all-cause mortality data, place of onset and vancomycin susceptibility was known for 371 (92.3%)
E. faecium episodes.

There was no significant difference between vancomycin non-susceptible and vancomycin susceptible E.
faecium: 55/189 (29.1%) and 42/182 (23.1%) respectively (p=0.2315).

Table 4: E. faecium: By Place of Onset, Thirty Day All-cause Mortality and Vancomycin
Susceptibility

Species Community-Onset Hospital-Onset Total p ‘
N Mortality (%) N Mortality N Mortality
(%) (%)
Vancomycin 36 11 (30.6) 153 44 (28.8) 189 55 (29.1) ns*
non-susceptible
E. faecium
Vancomycin 61 13 (21.3) 121 29 (24) 182 42 (23.1) ns
susceptible
E. faecium
All E. faecium 97 24 (24.7) 274 73 (26.6) 371 97 (26.1) ns

*No significant difference



Patient Demographics

Age and Gender

Age and gender were available for 1,014 (100%) patients (Table 5 and Figures 1 - 3).

Increasing age is a risk factor for enterococcal bacteraemia with only 132/1,014 (13.0% 95%CI=11.0-15.2)
of episodes in patients aged 40 years and younger.

The majority of episodes were in male patients: 666/1,014 (65.7% 95%CI|=62.7-68.6).

Table 5: Enterococcus Bacteraemia by Decade of Life and Gender

Decade Female Male Total M/100F

1 15 33 48 220
2 4 5 9 125
3 16 13 29 81
4 15 25 40 167
5 33 54 87 164
6 59 92 151 156
7 60 136 196 227
8 70 175 245 250
9 56 100 156 179
10 18 32 50 178
11 2 1 3 50

Total 348 666 1014 191

M/100F = males per 100 females



Figure 1: Enterococcal Bacteraemia by Decade of Life and Gender
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Figure 2: E. faecalis Bacteraemia by Decade of Life and Gender
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Figure 3: E. faecium Bacteraemia by Decade of Life and Gender
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Principle Clinical Manifestation
Principle clinical manifestation was known for 952 (93.9%) episodes of bacteraemia (Table 6).

Overall the most common principle clinical manifestation was structural biliary tract disease n=161 (16.9%),
followed by urinary tract disease n=157 (16.5%).

Of the hospital-onset episodes where data was known, the most common principle clinical manifestation
was intra-abdominal infection (20.4%). Of the community-onset episodes where data was known, the most
common principle clinical manifestation was urinary tract disease (24.6%).

Table 6: Principle Clinical Manifestation and Gender

Principle Clinical Manifestation Male Female Total p
Biliary tract infection (including cholangitis) 99 62 161 ns
Urinary tract infection 124 33 157 0.0003

ns

Intra-abdominal infection other than biliary tract 87 51 138
. . . ns

No focus (e.g. in febrile neutropenia) 81 41 122
ns

Device-related infection without metastatic focus 58 38 96
. . ns

Febrile neutropenia 50 31 81
. ns

Other clinical syndrome 39 21 60
. . ns

Endocarditis Left-sided 42 16 58
. . ns

Skin and Skin Structure 24 12 36
. . . ns

Osteomyelitis/Septic Arthritis 14 6 20
. . ns

Endocarditis Right-sided 6 6 12
. . . . . ns

Device-related infection with metastatic focus 6 4 10
Pneumonia/Empyema 1 0 1 ns

Total 631 321 952

Principle manifestation was known for 907 (93.8%) of the E. faecalis and E. faecium episodes (Table 7).
The most common clinical manifestation for E. faecalis were urinary while for E. faecium it was biliary
tract infection including cholangitis. Significant differences were seen between E. faecalis and E. faecium
for a number of clinical manifestations.



Table 7: Principle Clinical Manifestation: Enterococcus faecalis versus Enterococcus faecium

Principle Clinical Manifestation E. faecalis E. faecium

Urinary tract infection 130 (25.2) 26 (6.6) <0.0001
Biliary tract infection (including cholangitis) 52 (10.1) 84 (21.5) <0.0001
Intra-abdominal infection other than biliary tract 64 (12.4) 70 (17.9) 0.0266
No focus (e.g. in febrile neutropenia) 59 (11.4) 53 (13.6) ns
Device-related infection without metastatic focus 45 (8.7) 50 (12.8) ns
Febrile neutropenia 14 (2.7) 65 (16.6) <0.0001
Endocarditis L-sided 54 (10.5) 4 (1.0) <0.0001
Other clinical syndrome 36 (7.0) 20 (5.1) ns
Skin and Skin Structure 27 (5.2) 6 (1.5) 0.0054
Osteomyelitis/Septic Arthritis 16 (3.1) 3(0.8) 0.0312
Endocarditis R-sided 11 (2.1) 1(0.3) 0.0398
Device-related infection with metastatic focus 6(1.2) 4 (1.0) ns
No focus 2(0.4) 4 (1.0) ns
Pneumonia/Empyema 0 1(0.3) ns
Total 516 391




Length of Stay
Length of Stay Post Bacteraemic Episode

Length of stay data was known for 933 (92.0%) episodes.

21.1% of patients had a length of stay (LOS) post enterococcal bacteraemia greater than 30 days (Table
8). There were no significant differences in LOS between E. faecium and E. faecalis episodes.

Table 8: Enterococcal Bacteraemia Episodes by Length of Stay

Length of E. faecalis E. faecium Enterococcus Total (%)

Stay (days) sp.

<7 4 103 (20.2) 70 (18.5) 10 (22.7) 183 (19.6) ns

7-14 10 158 (31) 111 (29.3) 17 (38.6) 286 (30.7) ns

15-30 21 139 (27.3) 115 (30.3) 13 (29.5) 267 (28.6) ns

>30 54 110 (21.6) 83 (21.9) 4(9.1) 197 (21.1) ns
20 days 511 379 44 933

@ Test of significance between E. faecalis and E. faecium: ns=not significant

There were no significant differences in LOS between vancomycin susceptible and non-susceptible E.
faecium (Table 9).

Table 9: E. faecium Bacteraemia Episodes by Length of Stay and Vancomycin susceptibility

Length of E. faecium E. faecium Total (%)

SV e Vanc non-susceptible  Vanc susceptible

<7 32 (16.6) 38 (20.5) 70 (18.5) ns

7-14 50 (25.9) 61 (33) 111 (29.4) ns

15-30 63 (32.6) 52 (28.1) 115 (30.4) ns

>30 48 (24.9) 34 (18.4) 82 (21.7) ns
193 185 378

10



Length of Stay Post Bacteraemic Episode versus Place of Onset

There was a significant difference in LOS between patients with community onset vs hospital onset
bacteraemia.

In E. faecalis 15.3% of community-onset patients had a LOS post bacteraemia >30 days vs 32.6% of
hospital-onset patients (p=0.0001, Table 10).

Table 10: E. faecalis Episodes: Length of Stay and Place of Onset

Length of Stay Community —Onset (%) Hospital-Onset (%) Total (%)

(Days)

<7 76 (23.3) 27 (14.6) 103 (20.2) ns

7-14 111 (34) 47 (25.5) 158 (31) ns

15-30 89 (27.3) 50 (27.2) 139 (27.3) ns

>30 50 (15.3) 60 (32.6) 110 (21.6)  0.0001
326 184 210

In E. faecium 9.4% of community onset patients had a stay post bacteraemia >30 days vs 26.1% of
hospital-onset patients (p= 0.001, Table 10).

Table 11: E. faecium Episodes: Length of Stay and Place of Onset

Length of Stay Community —Onset (%) Hospital-Onset (%) Total (%)

(Days)

<7 28(29.2) 42 (14.8) 70 (18.5)  0.0028

7-14 31(32.3) 80 (28.3) 111 (29.3) ns

15-30 28(29.2) 87 (30.7) 115 (30.3) ns

>30 9 (9.4) 74 (26.1) 83(21.9)  0.001
96 283 379

ns= not significant



Table 12: Vancomycin Non-susceptible E. faecium Episodes: By Length of Stay and Place of
Onset

<7 6 (17.1) 26 (16.5) 32 (16.6) ns

7-14 15 (42.9) 35 (22.2) 50 (25.9)  0.0206

15-30 9 (25.7) 54 (34.2) 63 (32.6) ns

>30 5 (14.3) 43 (27.2) 48 (24.9) ns
35 158 193

Table 13: Vancomycin Susceptible E. faecium Episodes: By Length of Stay and Place of Onset

Length of Stay Community —Onset (%) Hospital —Onset (%) Total (%)

(Days)

<7 22 (36.1) 16 (12.9) 38 (20.5)  0.0005

7-14 4 (6.6) 30 (24.2) 34 (18.4)  0.0069

15-30 19 (31.1) 33 (26.6) 52 (28.1) ns

>30 16 (26.2) 45 (36.3) 61 (33) ns
61 124 185

12



Principl e Antimicrobial Treatment and Mortality

Principle antimicrobial treatment and 30 day all-cause mortality were known for 465 (82.3%) E. faecalis
episodes and 367 (91.3%) E. faecium episodes.

E. faecalisTreatment and Outcome

E. faecalis treatment and outcome is shown in Table 14.

Table 14: E. faecalis Episodes: Principle Antimicrobial Treatment and Outcome

Antimicrobial Agent Number % of N Died % mortality
Piperacillin-tazobactam 100 21.5 15 15.0
Amoxycillin 76 16.3 6 7.9
Benzylpenicillin (G) 69 14.8 6 8.7
Vancomycin 64 13.8 10 15.6
Ampicillin 53 11.4 6 11.3
Other 32 6.9 7 21.9
Not treated 25 5.4 16 64.0
Benzylpenicillin (G) + Gentamicin 18 3.9 3 16.7
Amoxycillin + Gentamicin 10 2.2 0 0
Linezolid 9 1.9 2 22.2
Ampicillin + Gentamicin 4 0.9 0 0
Teicoplanin 3 0.6 1 33.3
Daptomycin 1 0.2 0 0
Gentamicin 1 0.2 0 0

13



E. faecium Treatment and Outcome

E. faecium treatment and outcome is shown in Table 15.

Table 15: E. faecium Episodes: Principle Antimicrobial Treatment and Outcome

Vancomycin 93 25.3 14 15.1
Linezolid 72 19.6 25 34.7
Daptomycin 54 14.7 10 18.5
Teicoplanin 54 14.7 10 18.5
Not treated 34 9.3 18 52.9
Piperacillin-tazobactam 28 7.4 8 29.6
Other 16 4.4 7 43.8
Amoxycillin 7 1.9 2 28.6
Ampicillin 4 11 1 25.0
Benzylpenicillin (G) 4 11 1 25.0
Amoxyecillin + Gentamicin 1 0.3 0 0

Benzylpenicillin (G) + Gentamicin 1 0.3 0 0

14



Antimicrobial Susceptibility Data

The number and proportion of E. faecalis non-susceptible to ampicillin and the non-B-lactam antimicrobials by region is shown in Table 16.

Table 16: The number tested and proportion of E. faecalis isolates non-susceptible to ampicillin and the non-B-lactam antimicrobials by

region. Results using CLSI (C) and EUCAST (E) breakpoints are shown where the breakpoints differ.

Antimicrobial

Australia

Ampicillin (C) (>8)

No. tested 35 150 10 95 59 12 110 91 563
No. non-susceptible (%) 0 0 0 0 0 0 1(0.9) 0 1(0.2)
Ampicillin (E) (>4)

No. tested 35 150 10 95 59 12 110 91 563
No. non-susceptible (%) 0 0 0 1(1.1) 0 0 1(0.9) 0 2 (0.4)
Vancomycin (>4)

No. tested 35 150 10 94 58 12 110 91 560
%non-susceptible 0 2 (1.3) 0 0 0 1(8.3) 2(1.8) 0 5(0.9)
Erythromycin (>0.5)

No. tested 35 149 10 95 59 111 91 550
%non-susceptible 34 (97.1) | 126 (84.6) | 10 (100) 85 (89.5) | 48 (81.4) 94 (84.7) | 80(87.9) | 477 (86.7)
Tetracycline (>4)

No. tested 35 121 10 95 28 111 91 491
%non-susceptible 29 (82.9) 90 (74.4) 9 (90.0) 75 (78.9) | 26 (92.9) 92 (82.9) | 62 (68.1) 383 (78)
Doxycycline (>4)

No. tested 29 31 60
%non-susceptible 17 (58.6) 23 (74.2) 40 (66.7)
Ciprofloxacin (>1)

No. tested 35 150 10 83 44 111 91 524
%non-susceptible 5(14.3) 27 (18) 3(30.0) 8 (9.6) 19 (43.2) 21(18.9) | 11 (12.1) 94 (17.9)
Teicoplanin (C) (>8)

No. tested 35 150 10 95 58 12 110 91 562
%non-susceptible 0 0 0 0 0 0 0 0 0
Teicoplanin (E) (>2)

No. tested 35 150 10 95 58 12 109 91 562
%non-susceptible 0 0 0 0 0 0 0 0 0




Antimicrobial

Linezolid (C) (>2)

Australia

No. tested 35 151 10 95 58 12 111 91 563
%non-susceptible 3 (8.6) 8 (5.3) 1(10.0) 5 (5.3) 2 (3.4) 0 2(1.8) 5 (5.5) 26 (4.6)
Linezolid (E) (>4)

No. tested 35 153 10 95 59 12 111 91 563
%non-susceptible 0 0 0 1(1.1) 0 0 1(0.9) 0 2 (0.4)
Nitrofurantoin (C) (>32)

No. tested 35 153 10 95 58 12 109 91 562
%non-susceptible 1(2.9) 5 (2.0) 0 2(2.1) 2(3.4) 0 4 (3.7) 1(1.1) 15 (2.7)
Nitrofurantoin (E) (>64)

No. tested 35 153 10 95 58 12 109 91 562
%non-susceptible 0 0 0 1(1.1) 0 0 0 0 1(0.2)
High Level Gentamicin

No. tested 35 140 10 94 58 12 107 90 546
%non-susceptible 12 (34.3) 41 (29.3) 4 (40.0) 23 (24.5) | 17(29.3) | 3(25.0) | 32(29.9) | 21 (23.3) 153 (28)

ACT= Australian Capital Territory, NSW = New South Wales, NT = Northern Territory, Qld = Queensland, SA = South Australia, Tas = Tasmania, Vic = Victoria, WA = Western

Australia.
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The number and proportion of E. faecium non-susceptible to ampicillin and the non-B-lactam antimicrobials by region is shown in Table 17.

Table 17: The number tested and proportion of E. faecium isolates non-susceptible to ampicillin and the non-B-lactam antimicrobials by
region. Results using CLSI (C) and EUCAST (E) breakpoints are shown where the breakpoints differ.

Antimicrobial

Ampicillin (C) (>8)

Australia

No. tested 22 115 8 30 44 8 120 53 400
No. non-susceptible (%) 21 (95.5) | 99(86.1) | 7(87.5) | 25(83.3) | 40(90.9) 4 (50) 106 (88.3) | 41 (77.4) | 346 (86.5)
Ampicillin (E) (>4)

No. tested 22 115 8 30 44 8 120 53 400
No. non-susceptible (%) 21 (95.5) | 99(86.1) | 7(87.5) | 25(83.3) | 40(90.9) | 5(62.5) 108 (90) 43 (81.1) | 349 (87.3)
Vancomycin (>4)

No. tested 22 115 8 31 44 8 120 53 401
%non-susceptible 11 (50.0) | 59(51.3) | 6(75.0) | 19(61.3) | 23(52.3) | 1(12.5) 76 (63.3) 6 (11.3) 201 (50.1)
Erythromycin (>0.5)

No. tested 22 115 8 30 44 120 53 392
%non-susceptible 22 (100) | 112 (97.4) | 7(87.5) | 29(96.7) | 44 (100) 111 (62.5) | 49(92.5) | 374 (95.4)
Tetracycline (>4)

No. tested 22 89 8 30 20 120 53 342
%non-susceptible 8 (36.4) 32 (36.0) | 7(87.5) 21 (70) 18 (90) 93 (77.5) 19 (35.8) | 198 (57.9)
Doxycycline (>4)

No. tested 26 24 50
%non-susceptible 9 (34.6) 9 (37.5) 18 (36)
Ciprofloxacin (>1)

No. tested 22 114 8 28 27 120 53 372
%non-susceptible 21(95.5) | 102 (89.5) | 7 (87.5) | 24 (85.7) | 26 (96.3) 115(95.8) | 41 (77.4) | 336 (90.3)
Teicoplanin (C) (>8)

No. tested 22 115 8 31 44 8 120 53 401
%non-susceptible 7 (31.8) 38 (33) 0 6 (19.4) 1(2.3) 0 15 (12.5) 3(5.7) 70 (17.5)
Teicoplanin (E) (>2)

No. tested 22 115 8 31 44 8 120 53 401
%non-susceptible 7 (31.8) 39 (33.9) 0 6 (19.4) 1(2.3) 0 15 (12.5) 3(5.7) 71 (17.7)
Linezolid (C) (>2)

No. tested 22 115 8 31 44 8 120 53 401
%non-susceptible 0 1(0.9) 0 0 0 0 3(2.5) 1(1.9) 5(1.3)
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Antimicrobial

Linezolid (E) (>4)

Australia

No. tested 22 115 8 30 44 8 120 53 400
%non-susceptible 0 0 0 0 0 0 0 0 0
Nitrofurantoin (C) (>32)

No. tested 22 115 8 30 44 8 120 53 400
%non-susceptible 21 (95.5) | 97(84.4) | 6(75.0) | 22(73.3) | 41(93.2) 6 (75) 74 (61.7) 40 (75.5) | 307 (76.8)
Nitrofurantoin (E) (>64)

No. tested 22 115 8 30 44 8 120 53 400
%non-susceptible 18 (81.8) | 60(52.2) | 3(37.5) 12 (40) 17 (38.6) 2 (25) 23 (19.2) 14 (26.4) | 149 (37.3)
High Level Gentamicin

No. tested 22 102 8 30 44 8 120 53 387
%non-susceptible 19(86.4) | 65(63.7) | 6(75.0) | 19(63.3) | 35(79.5) 2 (25) 70 (58.3) 13 (24.5) | 229 (59.2)

ACT= Australian Capital Territory, NSW = New South Wales, NT = Northern Territory, Qld = Queensland, SA = South Australia, Tas = Tasmania, Vic = Victoria, WA = Western

Australia
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Antimicrobial Resistance Versus Place of Onset z E. faecalis

The antimicrobial resistance results for community-onset and hospital-onset E. faecalis episodes are
shown in Table 18.

Table 18: The number tested and proportion of E. faecalis isolates non-susceptible to ampicillin
and the non-B-lactam antimicrobials by place of onset. Results using CLSI (C) and EUCAST (E)
breakpoints are shown where the breakpoints differ

Antimicrobial Community- Hospital-onset

onset (CO) ([®))

%l %R %l %R
Ampicillin (C) 560 0 0.3 0 0 ns
Ampicillin (E) 560 0 0.6 0 0 ns
Vancomycin (C) 557 0 0.6 0.5 1.0 ns
Vancomycin (E) 557 0 0.6 0 15 i
Erythromycin 547 43.1 43.1 41.2 46.9 ns
Tetracycline 488 0 77.2 0.6 78.5 ns
Doxycycline 60 0 70.3 0 60.9 ns
Ciprofloxacin 521 2.7 13.8 1.6 19.1 1
Teicoplanin (C)(E) 558 0 0 0 0 ns
Linezolid (C) 560 1.7 25 2.0 3.0 ns
Linezolid (E) 560 0 0.3 0 0.5 ns
Nitrofurantoin (C) 558 2.8 0.3 2.0 0 =
Nitrofurantoin (E) 558 0 0.3 0 0 ns
High-level 543 0 72.7 0 71.2 ns
Gentamicin

*No significant difference

19



Antimicrobial Resistance Versus Place of Onsetz E. faecium

The antimicrobial resistance results for community-onset and hospital-onset E. faecium episodes are
shown in Table 19.

Table 19: The number tested and proportion of E. faecium isolates non-susceptible to ampicillin
and the non-B-lactam antimicrobials by place of onset. Results using CLSI (C) and EUCAST (E)
breakpoints are shown where the breakpoints differ

Antimicrobial Number Community- Hospital-onset

Tested onset (CO) (HO)

%l %R %l %R

Ampicillin (C) (E) 400 0 70.5 0 92.7 <0.0001
Vancomycin (C) 401 0 34.8 0.7 55.4 <0.0001
Vancomycin (E) 401 0 34.8 0 56.1 0.0002
Erythromycin 392 21.3 73.1 10.6 85.6 0.0061
Tetracycline 342 2.1 43.2 0 62.8 0.0016
Doxycycline 50 0 38.5 0 35.1 ns
Ciprofloxacin 372 9.7 68.0 2.2 929 <0.0001
Teicoplanin (C) 401 2.7 8.9 0.7 19.0 0.0207
Teicoplanin (E) 401 0 11.6 0 20.1 ns
Linezolid (C) 401 0 0.9 0.7 0.7 ns
Linezolid (E) 400 0 0 0 0
Nitrofurantoin (C) 400 43.8 33.0 37.8 38.9 ns
Nitrofurantoin (E) 400 0 33.0 0 38.9 ns
High-level 387 0 43.6 0 65.3  0.0001
Gentamicin

*test of significance between %R CO and HO; ns=not significant
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Trend Data (2013 -2015)
Enterococcus faecalis

The following figures show the trends in antimicrobial non-susceptibility for E. faecalis by region from
2013 to 2015 (Figures. 4 — 13)

Figure 4: The Antimicrobial Non-susceptibility Results of E. faecalis Isolates from the Australian
Capital Territory (2013-2015)

Note: Increasing trend in erythromycin (Chi-sq for trend = 7.337, p=0.0068) and linezolid resistance (Chi-
sq for trend = 3.974, p=0.0462)
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Figure 5: The Antimicrobial Non-susceptibility Results of E. faecalis Isolates from New South
Wales (2013-2015)

Note: Decreasing trend in ciprofloxacin resistance (Chi-sq for trend = 3.905, p=0.05)
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Figure 6: The Antimicrobial Non-susceptibility Results of E. faecalis Isolates from the Northern

Territory (2013-2015)
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Figure 7: The Antimicrobial Non-susceptibility Results of E. faecalis Isolates from Queensland

(2013-2015)

Note: Decreasing trend in high-level gentamicin resistance (Chi-sq for trend = 4.708, p=0.03)
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Figure 8: The Antimicrobial Non-susceptibility Results of E. faecalis Isolates from South Australia

(2013-2015)
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Figure 9: The Antimicrobial Non-susceptibility Results of E. faecalis Isolates from Tasmania

(2013-2015)
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Figure 10: The Antimicrobial Non-susceptibility Results of E. faecalis Isolates from Victoria (2013-

2015)
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Figure 11: The Antimicrobial Non-susceptibility Results of E. faecalis Isolates from Western
Australia (2013-2015)

Note: Increasing trend in erythromycin resistance (Chi-sq for trend = 3.919, p=0.0477)
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Figure 12: The Antimicrobial Non-susceptibility Results of E. faecalis Isolates from Australia
(2013-2015)
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Enterococcus faecium

The following figures show the trends in antimicrobial non-susceptibility for E. faecium by region from
2013 to 2015 (Figures. 12 - 20)

Figure 12: The Antimicrobial Non-susceptibility Results of E. faecium Isolates from the Australian
Capital Territory (2013-2015).

Note: Decreasing trend in nitrofurantoin resistance (Chi-sq for trend = 3.907, p=0.0481). Increasing trend
in teicoplanin resistance (Chi-sq for trend = 8.855, p=0.0029)
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Figure 13: The Antimicrobial Non-susceptibility Results of E. faecium Isolates from New South
Wales (2013-2015).

Note: Decreasing trend in ampicillin (Chi-sq for trend = 7.561, p=0.006) and high-level gentamicin

resistance (Chi-sq for trend = 9.206, p=0.0024). Increasing trend in teicoplanin resistance (Chi-sq for
trend = 15.14 p=0.0001)
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Figure 14: The Antimicrobial Non-susceptibility Results of E. faecium Isolates from the Northern
Territory (2013-2015).
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Figure 15: The Antimicrobial Non-susceptibility Results of E. faecium Isolates from Queensland
(2013-2015).

Note: Decreasing trend in ampicillin (Chi-sq for trend = 6.821, p=0.009) and nitrofurantoin resistance (Chi-
sq for trend = 5.992, p=0.0144).
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Figure 16: The Antimicrobial Non-susceptibility Results of E. faecium Isolates from South
Australia (2013-2015).

Note: Increasing trend in erythromycin (Chi-sq for trend = 11.127, p=0.009) and high-level gentamicin
resistance (Chi-sq for trend = 32.725, p<0.0001). Increasing trend in tetracycline (Chi-sq for trend =
5.595, p=0.018) and vancomycin resistance (Chi-sq for trend = 8.095, p=0.0044).
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Figure 17: The Antimicrobial Non-susceptibility Results of E. faecium Isolates from Tasmania
(2013-2015).
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Figure 18: The Antimicrobial Non-susceptibility Results of E. faecium Isolates from Victoria (2013-
2015).

Note: Increasing trend in teicoplanin (Chi —sq for trend = 9.643, 0.0019) and vancomycin resistance (Chi-
sq for trend = 10.066, p=0.0015)
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Figure 19: The Antimicrobial Non-susceptibility Results of E. faecium Isolates from Western
Australia (2013-2015).

Note: Decreasing trend in ciprofloxacin resistance (Chi-sq for trend = 10.36, p=0.0013).
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Figure 20: The Antimicrobial Non-susceptibility Results of E. faecium Isolates from Australia
(2013-2015).

Note: Decreasing trend in ampicillin (Chi-sq for trend = 5.268, p=0.0217), ciprofloxacin (Chi-sq for trend =
4.867, p=0.0274) and nitrofurantoin resistance (CHI sqg-for trend = 3.933, p=0.0473).

Note: Increasing trend in teicoplanin (Chi-sq for trend = 28.807, p=<0.0001) and vancomycin resistance
(Chi-sq for trend = 13.946, p=0.0002).
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The Molecular Epidemiology of Enterococcus faecium

van Genes
vanA/B PCR results were available for 397 (98.8%) of the 402 E. faecium isolates.

vanA and vanB genes were detected in 76 and 134 isolates respectively, of which five isolates both
contained vanA and vanB genes.

For the vancomycin intermediate/resistant E. faecium isolates, vanA was detected in 69 isolates and vanB
was detected in 119 isolates of which five isolates contained both vanA and vanB genes.

Three isolates with a vancomycin MIC >16 mg/L did not harbour van genes by whole genome sequencing

(WGS).

For the vancomycin susceptible E. faecium isolates, vanA was detected in seven isolates (vancomycin MIC
<1 mg/L) and vanB was detected in 15 isolates (vancomycin MIC < 1 mg/L).

Multilocus Sequence Type (MLST)

Of the 402 E. faecium isolates reported, 391 (97.3%) were available for typing by WGS (Table 20).

Based on the MLST, 55 sequence types (STs) were identified.

Overall 71.1% of E. faecium could be characterised into six STs: ST796 (69 isolates);ST non-typable (52
isolates); ST555 (50 isolates); ST80 (46 isolates); ST203 (39 isolates) and ST78 (22 isolates).

For the 52 non-typable MLST isolates, the pstS housekeeping gene was absent, however as the six
housekeeping genes present were the same, the isolates were considered a single MLST clone.

There were 34 STs with only a single isolate

ST796 was almost exclusively identified in Victoria with the exception of three isolates from Queensland
and single isolates from Tasmania and South Australia.

ST non-typable was identified in New South Wales and the Australian Capital Territory.

ST555 was identified in all regions with the exception of the Australian Capital Territory and Queensland,
and was the predominant ST in Western Australia and South Australia.

ST80 was identified in all regions except Tasmania.
ST203 was identified in all regions except the Northern Territory.

ST78 was isolated in New South Wales, Queensland and Western Australia

MLST and vangenes

vanA was detected in five STs; ST80 (23 isolates), ST203 (8 isolates), ST117 (1 isolate), ST78 (1 isolate)
and 45 of the 52 non-typable MLST isolates (Table 21).

vanB was detected in 13 STs: ST796 (68 isolates), ST555 (24 isolates), ST203 (18 isolates), ST78 (15

isolates), ST17 and ST341 (2 isolates each), ST117, ST80, ST192, ST789, ST414, ST721 and ST796slv
(1 isolate each) (Table 21).
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Table 20: The number and proportion of Enterococcus faecium MLST by region

Australia
796 2 (1.8) 3(9.7) 1(2.3) 1 (12.5) 62 (53) 69 (17.6)
non-typable (pstSgene
absent) 9(40.9) | 43(39.4) 52 (13.3)
555 1 (0.9) 6 (75) 18 (40.9) | 1 (12.5) 3(2.6) 21 (40.4) | 50 (12.8)
80 6(27.3) | 15(13.8) | 1(12.5) | 3(9.7) 1(2.3) 14 (12) 6(11.5) | 46(11.8)
203 4 (18.2) 6 (5.5) 7(22.6) | 7(15.9) 2 (25) 10 (8.5) 3 (5.8) 39 (10)
78 12 (11) 9 (29) 1(1.9) 22 (5.6)
17 7 (6.4) 1(3.2) 2 (1.7) 9 (17.3) 19 (4.9)
262 12 (27.3) 1 (0.9) 13 (3.3)
117 1 (4.5) 5 (4.6) 2 (6.5) 2 (1.7) 10 (2.6)
192 9 (7.7) 9 (2.3)
18 2 (1.8) 1(2.3) 1 (0.9) 1(1.9) 5 (1.3)
22 1 (0.9) 1(2.3) 1 (0.9) 3(0.8)
21 1(3.2) 1 (0.9) 2 (0.5)
32 1 (0.9) 1 (0.9) 2(0.5)
59 2 (1.7) 2(0.5)
94 2 (1.8) 2(0.5)
178 1 (0.9) 1(1.9) 2(0.5)
341 1 (0.9) 1(1.9) 2(0.5)
361 1 (4.5) 1(1.9) 2 (0.5)
506 2 (1.7) 2(0.5)
789 2 (1.8) 2(0.5)
870 1(2.3) 1 (1.9) 2(0.5)
52 1 (0.9) 1(0.3)
54 1(12.5) 1(0.3)
55 1 (1.9) 1(0.3)
92 1 (0.9) 1(0.3)
107 1 (0.9) 1(0.3)
116 1(3.2) 1(0.3)
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Australia

218 1 (1.9) 1(0.3)
266 1 (0.9) 1(0.3)
289 1 (1.9) 1(0.3)
414 1 (4.5) 1(0.3)
536 1 (0.9) 1(0.3)
583 1 (0.9) 1(0.3)
695 1 (1.9) 1(0.3)
717 1(2.3) 1(0.3)
721 1 (0.9) 1(0.3)
779 1 (12.5) 1(0.3)
874 1(3.2) 1(0.3)
928 1 (1.9) 1(0.3)
947 1(12.5) 1(0.3)
1033 1 (0.9) 1(0.3)
172slv 1 (1.9) 1(0.3)
178slv 1 (1.9) 1(0.3)
195slv 1(2.3) 1(0.3)
218slv 1(3.2) 1(0.3)
236slv 1(12.5) 1(0.3)
280slv 1(3.2) 1(0.3)
32slv 1(0.9) 1(0.3)
455slv 1 (0.9) 1(0.3)
583slv 1(0.9) 1(0.3)
59slv 1(0.9) 1(0.3)
5slv 1(0.9) 1(0.3)
796slv 1 (0.9) 1(0.3)
945slv 1(3.2) 1(0.3)
94slv 1(12.5) 1(0.3)
GrandTotal 22 109 8 31 44 8 117 52 391

ACT= Australian Capital Territory, NSW = New South Wales, NT = Northern Territory, Qld = Queensland, SA = South Australia, Tas = Tasmania, Vic = Victoria, WA = Western

Australia.
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Table 21: The number and proportion of Enterococcus faecium MLST harbouring vanA/B genes.

vanAB Not detected

796 68 (98.6) 1(1.4) 69
non-typable (pstSgene absent) 45 (86.5) 7 (13.5) 52
555 24 (48) 25 (52) 50
80 23 (50) 1(2.2) 22 (47.8) 46
203 8 (20.5) 18 (46.2) 1 (2.6) 12 (30.8) 39
78 1 (4.5) 15 (68.2) 3(13.6) 3 (13.6) 22
17 2 (10.5) 17 (89.5) 19
262 13 (100) 13
117 1 (10) 1 (10) 8 (80) 10
192 1(11) 8 (88.9) 9
18 5 (100) 5
22 3 (100) 3
21 2 (100) 2
32 2 (100) 2
59 2 (100) 2
94 2 (100) 2
178 2 (100) 2
341 2 (100) 2
361 2 (100) 2
506 2 (100) 2
789 1 (50) 1 (50) 2
870 2 (100) 2
52 1(100) 1
54 1(100) 1
55 1 (100) 1
92 1 (100) 1
107 1 (100) 1
116 1 (100) 1
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vanAB Not detected

218 1 (100) 1
266 1 (100) 1
289 1 (100) 1
414 1 (100) 1
536 1 (100) 1
583 1 (100) 1
695 1 (100) 1
717 1 (100) 1
721 1 (100) 1
779 1 (100) 1
874 1 (100) 1
928 1 (100) 1
947 1 (100) 1
1033 1 (100) 1
172slv 1 (100) 1
178slv 1 (100) 1
195slv 1 (100) 1
218slv 1 (100) 1
236slv 1 (100) 1
280slv 1 (100) 1
32slv 1 (100) 1
455slv 1 (100) 1
583slv 1 (100) 1
59slv 1 (100) 1
5slv 1 (100) 1
796slv 1 (100) 1
945slv 1 (100) 1
94slv 1 (100) 1
Grand Total 78 (19.9) 136 (34.8) 5(1.3) 172 (44) 391
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Summary

il
il

In the 2015 survey, 1,014 episodes of enterococcal bacteraemia were reported.

The majority (95.3%) of enterococcal bacteraemic episodes were caused by E. faecalis or E.
faecium.

The overall 30-day mortality was 20.2% (26.1% in E. faecium, 15.8% in E. faecalis).

For E. faecalis urinary tract infection was the most frequent principle clinical manifestation.

For E. faecium biliary tract infection was the most frequent principle clinical manifestation.

21.1% of patients had a length of stay post enterococcal bacteraemia greater than 30 days

50.1% of blood stream infections caused by E. faecium in Australia were phenotypically
vancomycin resistant, however 54.2% of E. faecium harboured vanA or vanB genes.

There were 56 E. faecium STs of which ST796, ST non-typable, ST555, ST80, ST203 and ST78
were the six most frequently identified.

vanA genes were detected in five STs

vanB genes were detected in 13 STs.
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