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FIGURE 1. Timeline featuring major events in the history of |E. [E = infective endocarditis; SLE = systemic lupus erythematosus.
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Clinical and Economic Burden of

Hospitalizations for Infective Endocarditis

Temporal trends in hospitalizations for infective endocarditis in the
United States between 2003 and 2016
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FIGURE 1. Temporal trends in hospitalizations for infective endocarditis in
the United States between 2003 and 2016.

Prevalence of intravenous drug users and young adults among patients
hospitalized with infective endocarditis

: .

< The incidence of IE related hospitalizations increased from 15.9%
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FIGURE 2. Temporal trends in the prevalence of young adults and intra-

venous drug users among patients hospitalized with infective endocarditis in
the United States.
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Clinical and Economic Burden o
Hospitalizations for Infective Endocarditis

TABLE 1. Trends in the Baseline Characteristics and Prevalence of Comorbidities Among Patients Hospitalized With Infective Endocarditis Between 2003 and 2016

Baseline Characteristics 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 P value
Age, mean (5D) 59019y 59(19) &0(19) 59(19) 61 (19 &l (18 o&l{8) 61(9 60(19 59(19) 58(19) 57(19) 57(20)0 55Q0) <00l

< 30 73% 8.2% 7.8% 75% 6.7% 6.5% 6.6% 79% B.2% 10.2% 10.9% I'15% | 26% 14.5% <001

31-50 25.1% 243% 228% 23.6% 22.1% 204% 20% 209% 203% 20.5% 22.1% 234% 219% 24.3%

51-70 34.1% 345% 332% 35.4% 36.2% 385% 39.5% 38.2% 39.8% 38.7% 38% 365% 37.7% 35%

=70 33.5% 33.1% 362% 33.5% 35% 34.7% 33.9% 33% 31.7% 30.6% 29% 2B.6% 279% 26.7%
Fermale sex 42.7% 429% 41.1% 42.5% 42.2% 41 6% 41.2% 40.4% 409% 40.5% 39.2% 39.3% 39% 41.3% <001
Race <001

White 66.2% 69.2% T15% 68.7% 67 6% J09% 68.2% 68.5% 69.6% T1% T1.3% T24% 71.8% 73.3%

ka Lo ol P 1 =7 fns 1A =g 1=7 ras 1=7 ~ns LI iy = B I & ~Tns L s T T 1=F 10 L e T T [l T Ty I 4 o LI e T ¥y [} '\ﬂ})

dwne - Th | vol f val for IE i d

e annual volume of valve surgery for IE increased
IV drug use ) <001
== from 2003 to 2016 but the ratio of valve surgery fo = <
Hypertension i <001
cmes TE hospitalizations did not d 117vs11.8 |
e ospitalizations did not decrease 11.7 vs 11. .

Lung disease i <001
Renal failure 18.3% 203% 226% 29% 295% 292% 31.2% 31.4% 34.3% 31.6% 28.7% 294% 295% 29.1% <001
ESRD on dialyss MNA MA MNA 12.7% 13.3% | 45% 15.9% 15.6% 176% 14.1% 12.5% 1 2.6% 12.0% 1 2.6% <001
Vascular disease 48% 5.4% 5% 52% 75% | 1.7% 12.7% 12.1% 14.2% |4.1% | 4.5% |5.9% 12.9% | 4.9% <001
Anemia 23.2% 237% 24.7% 26.6% 30.3% 333% 35.4% 36.9% 415% 415% 41.2% 41.1% 42% 45.3% <001
Atrial fib/flutter 22.2% 21.8% 233% 22.8% 232% | 8.7% 22.2% 22.4% 24.4% 254% 25% 254% 258% 259% <001
Prior sternatormy 9% B.6% B.5% B5% B.6% B.7% 11.9% 12% 13.1% 135% 12.3% |25% 12.6% [ 1.9% <001
Liver cirthosis 25% 2.4% 2% 23% 29% 4.2% 5% 45% 5% 5.6% 56% 5.6% 55% 4.1% <001
Prior ICD 06% 07% 0.7% 196 1.0% |.4% 23% 2.1% 2.4% 24% 23% 2.5% 3.0% 24% <001
Prior pacemaker 3.3% 3.0% 2.7% 3.0% 219% 3.0% 4.0% 40% 4.0% 4.7% 4.0% 4.4% 4.8% 45% <001
Prosthetic valve 62% 500 5.1% 5.0% 49% 5.0% B:4% 65% 7.3% 7.6% 7.7% 8.2% 75% 7.3% <001
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TABLE 2. Trends in In-Hespital Mortality and Major Complications Ameng Patients Admitted With Infective Endocarditis Between 2003 and 2014

Clinical Outcomes 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 OR. per year (95% C)
I Death
Unadjusted | 4.4% 13.2% | 25% 12.9% I'1.5% 13.2% | 1.7% | 1.9% |'1.3% 10.8% | 0.4% 10.5% 10.7% | 0% 0973 (0971-0975)
Adjusted Ref 13.1% 12% 12.1% 0% | 1.8% 10.6% 104% 9.7% 9.2% 9.1% 9.1% 9.3% 9.8% 0970 (096B-0973)
Stroke
Unadjusted 8.0% 7.9% B.3% 71.9% B.7% 9.3% 9.8% 105% 10.5% 1065 I 12% I1.5% I 1.7% 13.2% | 045 (1.042-1.047)
Adjusted Ref 78% B4% B4% 8.1% BA% 1% 10.1% 10.0% 1 0.4% | 0.8% I1.3% I 1.9% 15.5% 1.047 (1.044-1.050)
Mew dialyss
Unadjusted 1% 32 34% 4% 4.8% 51% 4.5% 43% 9% 47% 42% 1.030 (1.027-1.033)

o Mor’rall’ry decreased from 14.4% to 10% I
~=< The expenditure on IE hospitalizations increased |2
R USD 1.48 billion in 2003 to USD 2.34 billion in 2016

Unadjusted 1.048-1.052)

Adjusted B3% 70% 79% 8.2% 95%  103% 93% B2% B8.1% 84%  106% |6.7% 1038 (1.0351.045)
Tracheostormy

Unadjusted 28% 27% 24% 20% 24% 27% 27% 24% 25% 26% 21% 26% 21% 24% 0592 (0988-0996)

Adjusted Ref 25% 24% | 9% 24% 28% 8% 24% 6% 7% 22% 27% 2% 24% 0996 (0:992-1.001)
Walve Surgery

Unadjusted [17%  10.4% 99%  10.1% 99% [1.1%  114%  102%  107% 126%  124%  127%  123% I 1.8% 1018 (1.016-1.02)

Adjusted Ref 9.6% 94%  102% 10.6% [19%  11.7% 105%  11.0% 125% 116% [17% 109% 105% 1002 (1.00-1.005)

Mayo Clin Proc. m XXX 2019:mm(m):1-9 ®m https://doi.org/10.1016/j.mayocp.2019.08.023
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W M) Infective endocarditis
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Thomas | Cahill, Bernard D Prendergast

Lancet 2016;387: 882-03  Infective endocarditis occurs worldwide, and is defined by infection of a native or prosthetic heart valve, the endocardial
Published Online  Surface, or an indwelling cardiac device. The causes and epidemiology of the disease have evolved in recent decades
September2, 2015 with a doubling of the average patient age and an increased prevalence in patients with indwelling cardiac devices. The
httpd//dx doi.org/10.10167 rierobiology of the disease has also changed, and staphylococci, most often associated with health-care contact and
S0140-6736(15)00067-7 ] . i 1 1
invasive procedures, have overtaken streptococci as the most common cause of the disease. Although novel diagnostic
Department of Cardiology. ] th tic strategies ha d,1 rtality has not i ed and remains at 30%, which i tha
Oxford University Hospitals, a7d therapeutic strategies have emerged, 1year mortality has not improved and remains a , which is worse than
Oxford, UK (T) GahillMRcP); for many cancers. Logistical barriers and an absence of randomised trials hinder clinical management, and
Department of Cardiology, longstanding controversies such as use of antibiotic prophylaxis remain unresolved. In this Seminar, we discuss

StThomas’ Hospital, London, ¢ J;1ica] practice, controversies, and strategies needed to target this potentially devastating disease.
UK (B D Prendergast FRCP)
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Infective endocarditis

The causes and epidemiology of the
disease have evolved in recent decades
Increased prevalence in patients

with indwelling cardiac devices

The microbiology of disease has also
changed and Staphylococci most often
associated with health care contact
have overtaken Streptococci
Selection of optimal antibiotic
therapy for IE due to MRSA with
reduced susceptibility to vancomycin

1 year mortality remains at 30%

at 30 days

Lancet 2016; 387: 882-93

Panel 1: Proportion of cases of infective endocarditis
caused by different microorganisms from a French
population-based cohort of 497 patients’

Staphylococci
Staphylococcus aureus: 26-6%
Coagulase-negative staphylococci: 9-7%

Streptococci and enterococci
Oral streptococci: 18-7%
Non-oral streptococci: 17-5%
Enterococci: 10-5%

Other: 1-6%

HACEK (haemophilus, aggregatibacter, cardiobacterium,
Eikenella corrodens, kingella) microorganisms
1-2%

Candida species
1-2%

Other*
6-0%

Polymicrobial (=2 microorganisms)
1-8%

No microorganism identified
5-2%
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Infective endocarditis post-TAVI, microbiological profile and clinical outcomes

16.00%

14.30%

14.00% :
12.00%

The incidence of infective endocarditis varied from 0%-14.3% in the included studies
mean was3.25%. The average duration of follow-up was 474 days (1.3 years). Enter:

B [ncidence of infective
endocarditis

Fig 4. Percentage of post-TAVI infective endocarditis in studies included in the systematic review.'

PLOS ONE | https://doi.org/10.1371/journal.pone.0225077 January 17,2020




Infective endocarditis post-TAVI, microbiological profile and clinical outcomes
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|
mean was3.25%. The average duration of follow-up was 474 days (1.3 years). Enterococci

were the most common causative organism isolated from 25.9% of cases followed by
Staphylococcus aureus (16.1%) and coagulase-negative Staphylococcus species (14.7%).
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Fig 5. Causative organisms of post-TAVI infective endocarditis. The in-hospital mortality
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Infective endocarditis post-TAVI, microbiological profile and clinical outcomes
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The mean in-hospital mortality and mortality at follow-up was 29.5% and 29.9%, respec-
tively. The cumulative incidence of heart failure, stroke and major bleeding were 37.1%,
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Fig 6. Clinical outcomes in patients of post-TAVI infective endocarditis. The incidence of infective endocarditis in
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Analysis of the 2015 American and European guidelines for the management

Table 1

of infective endocarditis

Main first-line antibiotic therapies included in the 2015 European and American guidelines for the management of infective endocarditis.
Principales antibiothérapies de premieére ligne dans les recommandations européennes et américaines 2015 de prise en charge des endocardites infectieuses.

2015 American guidelines

2015 European guidelines

Empirical
antibiotic
therapies

Native valve
staphylococcal
endocarditis

Prosthetic valve
staphylococcal
endocarditis

Susceptible
streptococcal
endocarditis

Susceptible
enterococcal
endocarditis

Depend on symptom evolution and epidemiological
factors

Methicillin-susceptible: (cl)oxacillin
Methicillin-resistant: vancomycin or daptomycin

Methicillin-susceptible: (cl)oxacillin + gentamicin b.i.d.
or t.i.d. + rifampicin

Methicillin-resistant: vancomycin + gentamicin b.i.d. or
t.i.d. + rifampicin

“Two-week regimen™: penicillin G or

ceftriaxone + gentamicin (single daily dose)
“Four-week regimen™: penicillin G or ceftriaxone

Regimen “A”: penicillin G or ampicillin + gentamicin (2
or 3 uptakes/day) for 4 to 6 weeks
Regimen “B”: ampicillin + ceftriaxone for 6 weeks

Community-acquired (severe presentation): #
ampicillin + (cl)oxacillin + gentamicin

Nosocomial: vancomycin + gentamicin + rifampicin®
Methicillin-susceptible: (cl)oxacillin
Methicillin-resistant: vancomycin or daptomycin
Alternative (in both of the above situations):
trimethoprim—sulfamethoxazole + clindamycin
Methicillin-susceptible: (cl)oxacillin + gentamicin o.d.
or b.i.d. + rifampicin

Methicillin-resistant: vancomycin + gentamicin o.d. or
b.i.d. + rifampicin

“Two-week regimen™: penicillin G or amoxicillin or
ceftriaxone + gentamicin (o0.d.)

“Four-week regimen”: penicillin G or amoxicillin or
ceftriaxone

Regimen “A”: amoxicillin (4 to 6 weeks) + gentamicin
(single daily dose for 2 to 6 weeks)

Regimen “B™: ampicillin + ceftriaxone for 6 weeks

2 Including endocarditis of prosthetic valve implanted > 1 year earlier.

b Rifampicin is only indicated in the presence of a prosthetic valve and, according to some experts, should be introduced later on (5 to 7 days after antibiotic therapy

initiation).

P. Tattevin, J.-L. Mainardi / Médecine et maladies infectieuses xxx (2016)
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Table 3. Antimicrobial Regimens for Treatment of Native-Valve Infective Endocarditis.*

Microorganism and Regimen

Dose and Duration of Treatmenty

Comments

Viridans streptococci, Streptococcus

gallolyticus

Penicillin MIC =0.12 pg/ml

Penicillin G

Ceftriaxone

Vancomycin

Penicillin G plus gentamicin

Ceftriaxone plus gentamicin

Penicillin MIC =0.12 to <0.5 pg/ml

Penicillin G plus gentamicin

Ceftriaxone plus gentamicin

Vancomycin

12 million—18 million units/day intravenously in
4—6 divided doses for 4 wk

2 g intravenously once daily for 4 wk

30 mg/kg/day intravenously in 2-3 divided doses
for 4 wk

Penicillin G (12 million-18 million units/day intra-
venously in 4-6 divided doses) plus gentamicin
(3 mg/kg intravenously once daily) for 2 wk

Ceftriaxone (2 g intravenously once daily) plus
gentamicin (3 mg/kg intravenously once daily)
for 2 wk

Penicillin G (24 million units/day intravenously
in 4-6 divided doses for 4 wk) plus gentamicin
(3 mg/kg intravenously once daily for 2 wk)

Ceftriaxone (2 g once daily for 4 wk) plus gentamicin
(3 mg/kg intravenously once daily for 2 wk)

30 mg/kg/day in 2-3 divided doses for 4 wk

N ENGL ) MED 3836

Avoid gentamicin in patients with preexist-
ing renal disease, in the elderly, and in
patients at risk for nephrotoxicity or
ototoxicity (i.e., in those receiving other
potentially nephrotoxic or ototoxic drugs)

Avoid gentamicin in patients with preexist-
ing renal disease, in the elderly, and in
patients at risk for nephrotoxicity or
ototoxicity (i.e., in those receiving other
potentially nephrotoxic or ototoxic drugs)

If the ceftriaxone MIC of the isolate is <0.5
pg/ml, ceftriaxone alone is an option

ME|JM.ORG AUGUST 6, 2020




Enterococci

M ENGL ) MED 3836

MEIM.ORG AUGUST 6, 2020

Ampicillin plus gentamicin

Penicillin G plus gentamicin

Ampicillin plus ceftriaxone

Vancomycin plus gentamicin

Methicillin-susceptible Staphylococcus
aureus

Nafcillin or oxacillin

Microorganism and Regimen

Methicillin-resistant S. aureus

Ampicillin (12 g/day in 6 divided doses) plus gen-
tamicin (3 mg/kg intravenously in 2-3 divided
doses) for 4-6 wk

Penicillin G (24 million units/day intravenously in
46 doses) plus gentamicin (3 mg/kg intrave-
nously in 2-3 divided doses) for 4-6 wk

Ampicillin (12 g/day in 6 divided doses) plus
ceftriaxone (2 g every 12 hr) for 6 wk

Vancomycin (30 mg/kg/day in 2-3 divided doses)
plus gentamicin (3 mg/kg/day in 2-3 divided
doses) for 6 wk

12 g/day intravenously in 6 divided doses for 6 wk

Dose and Duration of Treatmenty

Not recommended for strains with high-
level aminoglycoside resistance; limited
data suggest that gentamicin can be
discontinued after 2 wk

Not recommended for strains with high-
level aminoglycoside resistance; limited
data suggest that gentamicin can be
discontinued after 2 wk

Recommended for strains with high-level
aminoglycoside resistance

Not recommended for strains with high-
level aminoglycoside resistance; regi-
men of last resort because of toxicity

Vancomycin or daptomycin is an option for
patients who cannot receive beta-lactam
antibiotics without adverse effects or
with immediate hypersensitivity to
beta-lactam antibiotics

Comments

Vancomycin

Daptomycin
HACEK
Ceftriaxone

Ciprofloxacin

Levofloxacin

30-60 mg/kg/day intravenously in 2—4 divided doses
for 6 wk

10 mg/kg/day intravenously once daily for 6 wk

2 g intravenously once daily for 4 wk

800 mg/day intravenously or 1500 mg orally in 2 divided

doses for 4 wk

750 mg intravenously or orally once daily for 4 wk

The target 24-hr area under the concentra-

tion curve is 400-600 pgx hr/ml




Comparison of Dual -Lactam Therapy to Penicillin-Aminoglycoside
Combination in Treatment of Enterococcus faecalis Infective
Endocarditis

Abdelghani El Rafei MD , Daniel C. DeSimone MD ,
Aalap D. Narichania MD , M. Rizwan Sohail MD ,
Holenarasipur R. Vikram , Zhuo Li,

James M. Steckelberg MD, MD , Walter R. Wilson MD ,
Larry M. Baddour MD

PII: S0163-4453(18)30191-9
DOI: 10.1016/}.jinf.2018.06.013
Reference: YJINF 4124

To appear in: Journal of Infection
Received date: 4 October 2017

Revised date: 20 June 2018

Accepted date: 25 June 2018




Comparison of Dual -Lactam Therapy to Penicillin-Aminoglycoside
Combination in Treatment of Enterococcus faecalis Infective

Endocarditis

85 patients with
Enterococcus faecalis
endocarditis

67 pz Ampicillin +
Gentamicin

18 pz Ampicillin +
ceftriaxone

1 year mortality rate
were similar in 2 groups

Ampicillin + Ceftriaxone
had lower rate of
nephrotoxicity

Figure 1. Kaplan Meier 1-year Survival Curve by intention to treat groups

17 Ab regimen
—  Ampicillin + Ceftriaxene
90 ——  Ampicillin + Gentamicin
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Partial Oral versus Intravenous Antibiotic Treatment
of Endocarditis

15954 Patients were assessed for eligibility

A randomized study
° 400 pa-r|en1-s 428 Did ot flfl modifed Duke

« Left Side Endocarditis

« 199 intravenous treatment

« 201 intravenous treatment
+ switch to oral antibiotic

« The patients shifted from
iv to os on about day 17

End point: treatment success after
the end of therapy

N ENGL | MED 33[},'5 NEJM.ORG JANUARY 31, 2019

intraven

planned

71 Died

by other bacteria
3 Were febrile {temperature
=38.00C)
137 Had high lavel of C-reactive
protein, white cells, or both
130 Had signs of abscess
formation
13 Had no TEE available <48 hr
3 Were severely obese
(BMI =40}
| .| &4 Had other infection requirin
ous treatment
22 Were not expected to adhere
to the assigned regimen
14 Had suspected reduced
gastrointestinal uptake
303 Were not willing or able
to give consen
18 Had heart-valve surgery

t

25 Had impaired immune
sponse
4 Had had endocarditis within
the previou
150 Met other exclusion criteria

s yT

L 3

400 Underwent randomization

|

193 Were assigned to intravenous
antibiotic treatment

201 Were assigned to a shift to oral
antibiotic treatment




Partial Oral versus Intravenous Antibiotic Treatment

of Endocarditis
]

L0 01s-
E 0.9 Intravenous treatment
g 0.8
= 0.10- |_
O 0/ Oral treatment
E., 06 ,_r'_'_l ra

N N5

In Patients with left who were in clinically stable condition and who had
an adequate response to initial intravenous to oral antibiotic freatment
was non inferior to continued intravenous antibiotic treatment

=
a 0.11 —r I

u.n——-sé:;'_'—r.— | I !

|
0 30 60 90 120 150 180 210 240

Days since Randomization

No. at Risk
Intravenous treatment 199 192 186 183 181 176 174 28 0
Oral treatment 201 197 196 191 188 184 183 36 0

N ENGL ) MED 380;5 NEJM.ORG JANUARY 31, 2019




Partial Oral versus Intravenous Antibiotic Treatment
of Endocarditis
I

Intravenous Oral P Value for

Subgroup Treatment Treatment Odds Ratio (95% Cl) Interaction

no. of eventsftotal no. (%)

All patients 24/199 (12.1) 18/201 (9.0) @ 0.72 (0.37-1.36)

Age ! 0.34
=65.5 yr 9/83 (10.8) 7/91 (7.7) —e——— 0.68 (0.23-1.93)
>65.5 yr 15/116 (12.9) 11/110 (10.0} et 075 (0.32-1.70)

Sex : 0.19
Female 5/50 (10.0) 6/42 (14.3) ' - | 1.50 (0.42-5.59)

Male 19/149 (12.8) 12/159 (7.5) o—H 0.56 (0.26-1.18)

Diabetes ! 0.51
Yes 3/36 (22.2) 4/32 (12.5) — 0.50 (0.12-1.78)

No 16/163 (9.8) 14/169 (8.3) e 0.83 (0.39-1.76)

Renal disease i 0.40
Yes 5/25 (20.0) 5/21 (23.8) : g | 1.25 (0.31-5.24)

No 19/174 (10.9) 13/180 (7.2) —e—— 0.64 (0.30-1.32)

Bacteria H 0.94
Streptococci 10/104 (9.6) 8/92 (8.7) —e—— 0.90 (0.33-2.37)
Enterococcus faecalis 746 (15.2) 4/51 (7.8) e—t— 0.47 (0.12-1.69)
Staphylococeus aureus 3[40 (7.5) 3/47 (6.4) — I 0.84 (0.15-4.78)
Coagulase-negative  4/10 [40.0) 313 (23.1) e | 0.45 (0.07-2.72)

staphylococci '

Surgical treatment i 0.47 (0.10-1.34) 0.50
Yes 6/75 (8.0) 377 (3.9) —e—— 0.81 (0.39-1.69)

No 18/124 (14.5) 15/124 (12.1) —e——

Type of valve | 0.48 (0.15-1.37) 0.35
Prosthetic heart valve 1153 (20.8) 6/54 (11.1) o—— 0.92 (0.40-2.09)

NMative heartvalve 13146 (8.9) 12/146 (8.2) ——

Involved valve i 0.65 (0.28-1.47) 0.56
Aortic valve 16/100 (147) 117109 (10.1) e 0.73 (0.20-2.56)

Mitral valve 6/65 (9.2) 5/72 (6.9) e —
0.0 ll.l] 2I.ﬂ 3{0 4I.D SI.D El.l]
Oral Treatment Better Intravenous Treatment Better

M EMGL )] MED 330;5 NEJM.ORG JANUARY 31, 2019
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Oral antibiotics for infective endocarditis: a clinical review
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Oral antibiotics for infective endocarditis: a clinical review

Table 1. Pharmacokinetic and pharmacodynamic properties of amoxicillin given orally (PO) and Iv**™3

Armoxicillin

Property v oral
Peak serum levels 83-112 ma/L, 1 min after 500 mg IV injection 8-10ma/L, 2 h after 500 mg PO dose
Duration of effective plasma after 500 mg IV dose, plasma concentration after 500 mg PO dose, concentration fell to

concentration fell to 1 mg/L after 3.5 h zero after 6-8h
Excretion mainly urinary (58%-68% of PO dose excreted unchanged in urine during first 6 h)
Pharmacokinetics bioavailability 76.5%; low protein binding (17%)
Published MIC values

S. aureus (penicillin susceptible) 0.1mg/L

a-haemolytic streptococci 0.01 mg/L

E. faecalis 0.5 mg/L

« The study examines serum antimicrobial levels after oral and iv
administration with reference to the MICs of relevant pathogens
« Safe levels of commonly used antibiotics.
* Pharmacological data offer reassurance for the safety
of oral therapy

©The Author(s) 2020. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy.
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New and improved? A review of novel antibiotics for Gram-positive
bacteria

I I ———
OLD DRUGS

Comparison
Vancomycin 1958 N/A 2g/24h €518 14 MRSA VRE
E. faecium
PNS-SP
BHS
Daptomycin 2003 2006 6 mg/kg/24 h € 1008 14 MRSA
E. faecium
(including VRE)
PNS-SP
BHS
Ceftriaxone 1984 N/A 2g/24h €110 10 BHS MRSA
PNS-SP CoNS
E. faecium
Linezolid 2000 2000 600 mg/12 h € 1040 10 MRSA
CoNs
BHS

E. faecium

M. Abbas et al. / Clinical Microbiology and Infection 23 (2017) 697—703



New and improved? A review of novel antibiotics for Gram-positive

bacteria
]

Table 1

Summary of approval status, dosage, approximate costs, and spectrum of activity of the antibiotics

NEW DRUGS

Molecule

FDA approval

EMA approval

Dose (for normal
renal function)

Total cost
(for normal renal

function and
adult of ~70 kg)*

Typical
treatment
duration
(days)

Spectrum of activity

Inactive against

Ceftaroline

Ceftobiprole

Dalbavancin

Oritavancin

Tedizolid

2010

not approved

2014

2014

2014

2012

not approved”

2015

2015

2015

600 mg/12 h

500 mg/8 h

1500 mg single dose
(or 1000 mg followed
1 week later by 500 mg)

1200 mg single dose

200 mg/24 h

€ 1320

€ 1990

N/A

€ 2260

€ 1008

M. Abbas et al. / Clinical Microbiology and Infection 23 (2017) 697—-703

10

10

10

MRSA

CoNS

PNS-SP

BHS
Haemophilus influenzae
Enterococcus faecalis
MRSA

CoNS

PNS-SP

BHS

H. influenzae

P. aeruginosa®
MRSA

CoNS

BHS

E. faecium
MRSA

CoNS

BHS

E. faecium
(including VRE)
MRSA

CoNS

BHS

E. faecium
(including VRE)

Enterococcus
faecium

VRE

ESBL-E
Pseudomonas
aeruginosa

E. faecium
VRE

ESBL-E

VRE



Forgotten Antibiotics: An Inventory in Europe,
the United States, Canada, and Australia

Celine Pulcini,' Karen Bush2 William A. Craig, Niels Frimodt-Meller,* M. Lindsay Grayson,> Johan W. Mouton,®
John Turnidge,” Stephan Harbarth,? Inge C. Gyssens,>' and the ESCMID Study Group for Antibiotic Policies

Nafcillin

Mecillinam

Temocillin

Pristinamycin

hiamphenico - F °

Fosfomycin ; iv OSf O m C l n
Cefdperazome-suttatts T

Spectinomycin

Methenamine Hippurate

Methenamine Mandelate

Quinupristin-dalfopristin

Dicloxacillin

Cefpodoxime
Pivmecillinam

P —— —
Oxacillin

L ————
Cefoxitin
e ——,————
Procaine benzylpenicillin

S
Ceftibuten
O e
Cloxacillin
S |
Flucloxacillin

. L —————————————
Fosfomycin ; oral
) I E—
Aztreonam

Chloramphemcc| e
Trirethoprim S

Fusidic acid S |

Colistin L ——

Tobramycin Y S

Benzathine benzylpemci”in e Y |

Teicopkanin S S

Cefepime I S

Nitrofurantoin Lt

Ertapenem I S

Any antistaphylococcal penicillin
Y
Phenoxymethylpenicillin (Penicillin V)

Benzylpenicillin (Penicillin G)

o
v

10 15 20 25 30 35

Number of countries where the antibiotic is available (over a total of 38) CI D P 2 O 1 2
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Clinical Appraisal of Fosfomycin in the Era of Antimicrobial
Resistance

Sangeeta Sastry,? Lloyd G. Clarke,” Hind Alrowais,® Ashley M. Querry,® Kathleen A. Shutt,® Yohei Doi®

Division of Infectious Diseases,? Antibiotic Management Program, Department of Pharmacy and Therapeutics,” and Department of Infection Control and Hospital
Epidemiology,® University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania, USA

Fosfomycin is recommended as one of the first-line agents for treatment of urinary tract infections (UTIs) in the latest guidelines
endorsed by the Infectious Diseases Society of America (IDSA) and the European Society for Clinical Microbiology and Infec-
tious Diseases (ESCMID). We evaluated the use of fosfomycin among inpatients at a tertiary care hospital between 2009 and
2013. UTI cases were defined using physician diagnosis and the National Healthcare Safety Network (NHSN) surveillance defini-
tions. The number of patients treated with fosfomycin increased from none in 2009 to 391 in 2013. Among 537 patients who re-
ceived fosfomycin for any indication during this period, UTI was the most common indication (74%), followed by asymptomatic
bacteriuria (10%). All except 19 patients received a single dose of fosfomycin. Escherichia coli was the most common organism
involved (52%). For 119 patients with UTTs, after exclusion of those with negative urine culture results, negative urinalysis re-
sults, receipt of additional agents, or indeterminate clinical outcomes, the clinical success rate at 48 h was 74.8%. Of 89 patients
who met the criteria for NHSN-defined UTIs, 89.9% had successful outcomes. Recurrent infections occurred in 4.3% of cases,
and mild adverse events were observed in 2.0%. All 100 randomly selected extended-spectrum [3-lactamase (ESBL)-producing E.
coli clinical isolates from this period were susceptible to fosfomycin. In conclusion, the use of fosfomycin has increased substan-
tially since implementation of the updated guidelines at this hospital. Fosfomycin was used mainly for the treatment of physi-
cian-diagnosed UTTIs, and the clinical outcomes were generally favorable. Fosfomycin maintained activity against E. coli despite
the increased use of the agent.

31 06/10/2021
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High Activity of Fosfomycin and Rifampin against Methicillin-
Resistant Staphylococcus aureus Biofilm In Vitro and in an
Experimental Foreign-Body Infection Model

Raluca Mihailescu,®P Ulrika Furustrand Tafin,®? Stéphane Corvec,®° Alessandra Oliva,® Bertrand Betrisey,? Oliver Borens,?
Andrej Trampuz®©

Infectious Diseases Service, Department of Medicine, University Hospital Lausanne, Lausanne, Switzerland®; National Institute of Infectious Diseases Prof. Dr. Matei Bals,
Bucharest, Romania®; Institut de Biologie des Hépitaux de Nantes, Service de Bactériologie-Hygiéne, CHU de Nantes, Nantes, France®; Septic Surgical Unit, Department of
Surgery and Anesthesiology, University Hospital Lausanne, Lausanne, Switzerland®; Center for Musculoskeletal Surgery, Charité-University Medicine, Berlin, Germany®

May 2014 Volume 58 Number 5 Antimicrobial Agents and Chemotherapy p. 2547-2553



Fosfomycin against MRSA biofilm in vitro

TABLE 1 Antimicrobial susceptibility of MRSA strain ATCC 43300
determined by Etest and microcalorimetry

MHIC (pg/ml) for MRSA“®

Etest MIC
Antimicrobial  (pg/ml) Planktonic ~ Biofilm  Biofilm/planktonic
Fosfomycin 1 32 4,096 128
Daptomycin 0.125 0.125 40 320
Vancomycin 1 1 >1,024 =1,024
Rifampin 0.04 0.08 164 2,050
Tigecycline 0.125 0.125 128 1,024

“ MHIC, minimal heat inhibitory concentration determined by microcalorimetry.

—o GC

1x MIC
8 x MIC

32 x MIC

Alogy, CFU/mI

64 x MIC
128 x MIC

3 -log reduction

-4 ¥ ] I Ll ¥ 1
0 4 8 12 16 20 24

Time (h)

+ Highest eradication of MRSA implant associated
infections was achieved with fosfomycin
 Application in the treatment of prosthetic valve TE

May 2014 Volume 58 Number 5

Antimicrobial Agents and Chemotherapy p. 2547-2553
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Daptomycin Plus Fosfomycin Versus Daptomycin Alone
for Methicillin-resistant Staphylococcus aureus Bacteremia
and Endocarditis: A Randomized Clinical Trial

Miquel Pujol,"* José-Maria Miro,>* Evelyn Shaw,' Jose-Maria Aguado,’ Rafael San-Juan,’ Mireia Puig-Asensio,’ Carles Pigrau,* Esther Calbo,’
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MRSA Bacteremia (BACSARM) Trial Investigators
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Daptomycin Plus Fosfomycin Versus Daptomycin Alone

e Excioded (= 20|
° A r.andomlzed (1. 1) STudy ¢ AddBond atibotic mith actaty
' WG rGt MRSA was stggared [n = 33)
e Epeed vl <28 hin « B3
N *  Freunonaine-5))
¢ 167 paTlenTS w Fodaricrobial bacteveyea (n = 561
‘ Asiiniod for el bty (n =624 *  Patient or rebthwes deckoed

participate |n~ &I

* MRSA Bacteremia ‘
* MRSA Endocarditis |

» 85 Daptomycin ] ||
82 Daptomycin + Fosfomycin | S
« 6 weeks of therapy == \ =3 J
« End point: treatment success %

4 paberts warn

after the end of therapy
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Daptomycin Plus Fosfomycin Versus Daptomycin Alone

Table2. Primary and Secondary Outcomes

Daptomycin Plus Fosfomycin, MNo. Daptomycin Alone, No. of Relative Risk

Outcome of Patients/Total (%) Patients/Total (%) (95% CI)
Primary endpoint

Treatment success at TOC 40/74 (54.1) 34/81 (42.0) 1.29(.93-1.8)
Secondary endpoints

Positive blood cultures at day 3 2{71(2.7) 15/81 (18.5) 0.15 (.04-.63)

Positive blood cultures at day 7 0/74 (0.0) b/81 (6.2) -6.2 (-11.4 to -.9)

Positive blood cultures at TOC 0/74 (0.0) 4/81 (4.9) -49(-8.7 to -.2)°

Microbiological failure at TOC 0/74 (0.0 9/81 (11.1) —11.1{-18.0 to 4.3
No. of episodes of complicated bacteremia 1274 (16.2) 26/81 (32.1) 0.51(.28-.94)

atTOC
Any AE leading to treatment discontinuation 13/74 (176) 4/81 (4.9) 3.56 (1.21-10.44)
Overall mortality at day 7 3/74(4.1) 6/81 (74) 0.55(.14-2.12)

Overall mortality at TOC 18/74 (24.3) 22181 (272) 0.9 (.63-1.54)

CID 2021:72 (1 May) « Pujol et al



Daptomycin Plus Fosfomycin Versus Daptomycin Alone

Table 3. Reasons for Treatment Failure at Test of Cure

Daptomycin Plus Fosfomycin, Daptomyein Alone, No. Proportion Differ P
Reason for Treatment Failure No. (%) of Patients (n = 74) {%) of Patients (n = 81) ence (95% CI) Valug®
Treatment failure® 34 (45.9) 47 (58.0) —12.1(-277 10 3.6) 133
Mortality at TOC 18 (24.3) 22 (271) -2.8(-16.6 10 10.9) .687
Clinical failure® 0(0.0) 31(3.7) -3.7 (-7810 4) 2474
Microbiological failure 0 (0.0) 9 (11.1) -11.1(-18.0t0 4.3) .003¢
Any AE leading to treatment 13 (176) 4 (4.9) 12.6 (2.8-22.5) .02
discontinuation
Additional antimicrobial therapy 9(12.1) 19 (23.4) -11.3(-23.2 10 .6) .068
administered before TOC®
Lack of blood cultures at TOC 8(10.8) 4 (4.9) 5.9 (-2.6 1o 14.4) 172
Loss to follow-up 1(1.3) 33.7) -24(-72102.5) 622°

CID 2021:72 (1 May) « Pujol et al
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In vitro activity of ceftaroline and ceftobiprole against clinical isolates of 1)
Gram-positive bacteria from infective endocarditis: are these drugs s

potential options for the initial management of this disease?

Raquel Rodriguez-Garcia ?, Maria Angeles Rodriguez-Esteban 2, Enrique Garcia-Cartis ®,
Mauricio Telenti €, Javier Fernindez ©%*

* Cordioc Intersiwe Gare Unit, Hospital [nfversiterio Central de Asturins, Oviedo, Spam

" Department of Internal Medicine, Hospital Universitario Central de Asturing, Oviedo, Spain

© Department of Chinfeal Microbiology, Hospital Universitado Central de Asturdas, Oviedo, Spain
9 stituto de Investizacion Sanitaria del Prindpado de Asturias [1SPA), Ovieda Spain

ARTICLE IMNFO ABSTRACT
Artile history: The in vitro activity of ceftaroline and ceftobiprole was assessed against 77 Gram-positive bacterial i solates recov-
Recetved 19 January 2020 ered from patients diagnosed with infective endocarditis (IE). Our data confirm that these drugs are highly

Fecenved in revised form 16 July 2020
Acceptid 20 July 2020
Available onbine 28 July 2020

in vitro active against the most common agents of IE including methicillin-resistant Stophyl ococcus aureus,
methicillin-resistant coagul ase-negative staphylococci, and Streptooocous spp., with no significant differences be-
tween them. Also, ceftaroline and ceftobiprole have demonstrated a good activity against Enterococcus foecalis

K s (MICqq 0.75 pg/mL and 0.5 pg/mlL, respectively). The spectrum of these drugs together with the in vitro and
Ceftaroline in vivo data on them related with IE published in the scientific literature places them as potential options for
Ceftobipmle the initial management of this disease.

Infective endocarditis € 2020 Elsevier Inc. All rights reserved.
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Table 3
Clinical success rares for ceftaroline fosamil treatment
among patients with Gram-positive infective endocarditis.

Clinical success, n/N (%) Patients (n=55)

Ceftaroline in IE

55 patients with Gram positive
endocarditis

MRSA 77.3%

MSSA 25%

CoNS 50%

Ceftaroline
 first line therapy 7.3%
« second line therapy 70.6%
« monotherapy 41%

Clinical success was observed in
39/55 (70.9%)

International Journal of Antimicrobial Agents 53 (2019) 644-649

Overall clinical success
Line of therapy
First-line
Second-line or later
Treatment setting
General hospital ward
Icu
Type of endocarditis
Right-sided
Left-sided
Bilateral
BMI (kg/m?)
Underweight ( <18.5)
Mormal (18.5-24.9)
Overweight (25.0-29.9)
Obese (=30)
Type of bacterial infection
MRSA
MS5A
CoNS
Type of therapy
Monotherapy
Concurrent therapy
Risk factor
(DU
VD
Dosing regimen
g8h
qi1zh
q24h
Treatment duration (days)
=11
=11

3955 (70.9)

3/4 (75.0)
36/51 (70.6)

21/26 (80.8)
17/25 (68.0)
1/4 (25.0)

1/1 (100)
11/14 (78.6)
815 (53.3)
17/23 (73.9)

34/44 (77.3)
1/4 (25.0)
3/6 (50.0)

16/23 (69.6)
24/35 (68.6)
2(3 (667)

14/26 (53.8)
25/29 (86.2)
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Multicenter clinical experience of real life Dalbavancin use In
gram-positive infections

Table 1
Demographic information (n=101).
- 100

Variable n (%) -

Age, y, median (range) 65 (11-93) 80

Sex 70
Male 57 (56.4) g E
Female 44 (43.6) g

Infection type -
PJI 32 (31.7) 20
Osteomyelitis (including vertebral osteomyelitis) 30 (29.7) 0
Endocarditis 25 (24.8) 1

Native valve 15 (14.9) g N N _ N
Prosthetic valve 6(59) \5‘;:’ @90 \Eﬁ \{_f’ %\\5?@
Cardiac implantable electronic device 4(4) Q_:.f? & < \‘3{5” &

ABSSSI 11 (10.9) i széa‘ 056;'
CRBSI 3(3) & ¢

Pathogens Figure 1. Percentage of cured patients in different indications for dalbavancin use.
CNS 28 (33)
MSSA 14 (16)
MRSA 8(9) . .
Enterococci 7(8) ¢ DCll bClVCmCIH pPO'Onged hCllf Ilfe
Streptococci 5(6) . . .
Propionibacterium acnes 4 (5) d IE Off |Clb€| IndICC(TIOHS
>1 gram-positive pathogen 16 (15.8) .
Mixed infection (gram-positive plus gram-negative) 5(5) b Success r'GTe WGS h'gh 890/0,

Dalbavancin regimen

1 x1500mg 24 (238)  Good TOIZI"GbIIITy and Safe‘ry

1 x1500mg d1+d8 14 (13.9)
1 x1500mg d1+d8 and in week 8 3(3)
1 x 1000 mg d1 followed by 500 mg weekly 43 (426)
1 x 1000 mg every 14d 3(3)
Other regimens 14 (13.9)

International Journal of Infectious Diseases 81 (2019) 210-214
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™)

DALBACEN cohort: dalbavancin
as consolidation therapy in patients

with endocarditis and/or bloodstream infection
1

Table 1 Characteristics of patients with infective endocarditis  Prior antibiotic therapy, n (%)

N=34 Diaptomycin 24 (58.6)
Ceftriaxone 10 {28.6)
Age, median (IQF) 73 (53-81) Linezolid 3 (B8
Male, n (%) 25({735) Vancomydin B(224)
Charlson index, n (%) 2(1-4) Surgery, n (%) 12(343)
Type of infection, n (36) surgery before administering DBV 11 {91.4)
Mabnita IE —— Reason for DBV administration, n (%)

Conclusions: DBV is an effective consolidation antibiotic therapy in clinically stabilized patients with IE and/or BSI. It
proved to be a cost-effective treatment, reducing the hospital stay, thanks to the pharmacokinetic/pharmacodynamic

profile of this drug.
CAlTy prusLisue = b ] ]m:l"l"g] Ijaj-' 5“4?_:'
Late prosthetic 10{294) 1500 mg (1 day) 12 (35.3)
Pacemaker lead 81233) 1000 mag (1 day), 500 ma (8 days), 500 mg (15 days) 129)
Valve affected, n (%) 1500 ma (1 day), 1000 mg (15 days) 38
Aartic 17 (500 1500 mg {1 day), 1000 mg (15 days, 30 days, 45 days) 1(29)
Mitral B(135) 1000 mag {1 days), 500 mg every week/S weeks 1{29)
Tricuspid 1(29) 1500 mg (1 days), 1000 mg every 2 weeks/10 weeks 129
Causative arganism, n (%) DBV-covered days, median (IQR) 14 {14-21)
MSSA, 7 (20) Clinical cure, n (96) 34 (100)
MESA 3 (86) Microbiological cure, n (%) 33(97.1)
NG 15 {42.9) Follow-up blood cultures: 17 (488
E faecalis 3 (86 Megative follow-up blood cultures 17 {100)
Streptococius spp. 720 E-velated death, n (%)
Patient received prior antibiotic therapy, n (%) 340100 During hospitalisation
) o ) AL 12 months
Days of previous antibiotic treatment, median (QR) 28(17-35)

Relapse n (%)
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Infections causing stroke or stroke-like syndromes

« Stoke-like presentation can be
reported in 25%
of endocarditis

» Diagnosis impact in terms of
antibiotic treatment choices
and outcome

* Probability of survival of
patients with infective
endocarditis according to the
presence or absence of
neurologic complication

Infection (2020) 48:323-332
https://doi.org/10.1007/5s15010-020-01415-6

Stroke-like presentation of endocarditis

The incidence of neurologic complications in patients suf-
fering an infective endocarditis was investigated in a large
Spanish study collecting retrospective data of more than
1200 cases from 8 reference centres [30]. The study high-
lighted that 340 (25%) patients with infective endocarditis
experienced neurologic complications and that ischaemic
events accounted for 56% of these cases. Small embolism
with transient neurologic symptoms was reported in the
majority of ischaemic cases, but those with more severe
presentation frequently had multiple embolisms and involve-
ment of both brain hemispheres. Moreover, haemorrhagic
events were reported in 60 cases (18%), with a high percent-
age of cases with primary haemorrhage. On the basis of
the multivariate analysis of the factors associated with brain
embolism during endocarditis, Staphylococcus aureus and a
vegetation size > 30 mm were associated with both ischae-
mic or haemorrhagic events and those with an age > 70 years
reported more frequently haemorrhagic events. The results
of this study demonstrated that stroke-like presentations can
be reported in many cases with endocarditis, suggesting par-
ticular attention for patients presenting with an oligosymp-
tomatic stroke and fever.
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Parallels between Cancer and Infectious Disease

Early Neoplasia Vs Early Infection ey

~

Common local stimuli

antigen exposure (activation of
DAMPs and PAMPs)

>

Protracted inflammation (release of reactive
oxygen species or reactive nitrogen species)

Recruitment of immune cells (PMNs,
lymphocytes, and macrophages)

Infectious diseases and cancer have multiple
similarities. Both infectious organisms and can-
cer cells express many proteins that are recog-
nizable by host T cells,® and both elicit T-cell-
mediated inflammation. An essential aspect of
T-cell homeostasis is that the responses of these
cells must eventually diminish to avoid toxicity
from excessive T-cell proliferation and cytokine
release. Unfortunately, this can lead to a loss of
appropriate T-cell responses, especially in ad-
vanced cancer and chronic infections.
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Common Immunosuppressive Mechanisms
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Mature Tumor Vs Chronic Infection
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