(Initial Empirica

ntibiotics in the HAP/VAP)
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5/16-5/22 Pip/tazo
2022-05-25 | ot L& 2R 2022-05-30 08 2022-05-31 14 Culture & Sensitivity(Fespiratary) | Sputum Throat normal Flora -
2022-05-25 U HE 2022-05-30 0% 2022-05-31 15 Gram's Stain Sputum E Grade(EP <10, WBC <10), Rare, Rare -
2022-05-26 UE | ZE  2022-05-30 097 2022-05-31 150 Gram stain, Colture & Sensitivity(R  Sputum =
2022-05-23 Y& EE 2022-05-30 08 2022-05-31 14F Culture & Sensitivitv(Respiratory) | Sputum Throat normal Flara -
2022-05-28 UE ZE 2022-05-30 08 2022-05-31 18 Gram's Stain Sputum 1 Grade(EP >25 WBC <10}, Rare, Rare =
2022-05-23 L& ZHFE | 2022-05-30 0% 2022-05-31 15 Gram stain, Culiure & SensitivitelR | Sputum -
2022-05-28 UE ZE 2022-05-28 2107 2022-06-02 21:¢ | Blood culture {2nd) Blood Mo growth 5 day -
20&2-05-28 & ZFE  2022-05-28 217 2022-06-02 21:7 Blood culture {1st) Blood Mo growth 5 day -
2022-05-25 U =7 2022-05-27 09| 2022-06-24 11:: AFE Culture Sputum Mo growth after dweeks -
2022-05-25 HE  ZHE | 2022-05-27 09 2022-05-27 14¢ AFB smear [concentration] Sputum Mo acid fast bacilli -
2022-05-26 & =2F 2022-05-27 09 2022-06-24 112 AFE smear & culture Sputum =
2022-05-25 & ZE 2022-05-27 090 2022-05-29 09 Culture & SensitivitylGenitourinary, Urine, clean wo Growth Zandida albicans
2022-05-25 L& EZE 2022-05-27 08:0 2022-05-28 120 Gram’s Stain Urine, clean vo Few, Few =
2022-05-25 YR EZ 2022-05-27 08:0 2022-05-29 02 Gram stain, Culture & Sensitivite(G Urine, clean v -
2022-05-26 UE  ZE  2022-05-26 200 2022-05-31 21:° Blood culture {2nd) Elood Mo growth 5 day -
2022-05-26 UE  ZE 2022-05-25 20:¢ 2022-05-31 21:°|Blood culture £1s5t) Blood Mo growth 5 day -
2022-05-25 UE IR 2022-05-25 13F 2022-05-25 15:% C.diffcile Test{CDT) [MEI] Stoal Megative, Megative =
2022-05-23 A ZFE 2022-05-23 13F 2022-05-23 140 Blood culture (1st) Blood Mo growth 5 day -
2022-05-2 A 2z 2022-05-23 1 2022-05-28 1 Blood culture {2nd) Blood No growth 5 day -
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Why is the initial empirical antimicrobial therapy
important in HAP/VAP? (Benefits vs. Harms)

Sicker patients in the hospital or ICU

Increasing Multi-Drug Resistant Organisms (MDROs)

Inappropriate Empiric Therapy(IET)
Mortality
Length of stay (LOS)

Costs

« Development of future antibiotic resistance
(Individual & Environmental)
« Drug adverse effects

 Costs



Pathogenesis of Nosocomial Pneumonia (HAP/VAP)

Poor chest Poor Oral

physiotherapy Care

AN

Oropharyngeal Colonization Sedation

Accumulation of Purulent Mucous

aseasIp uolssalsold

\

- NV-ICUAP|

- VAP

I—J—
Treatment
failure

S oy

Progression disease

\/

Epithelial Cell

aseas|p uolissaldold

Delirium

//

Damage

Zaragoza, R, et al. (2020)



Spectrum of Nosocomial pneumonia
—different prognosis?

| -
WARD licu AT
: 10/1000 MV-d 10
Death rate: 11% :

: | VA-LRTI

I VAP 3 ‘

I 15/1000 MV-d s 09 |

Death rate: 20-42%| @ s

: 5 & |

: NV-ICUAP ICUAP = -

I 4.5/1000iCUdays T T L E | S W T

& = . T : Type 1F Non-ventilate
I Death rate 22% Death rate 45% 'g 08
o

b 7 4: Type 4 -Total

HAP : nv-HAP f4 4 | 3:Type 3|:VABP
i T— ¥ 2.9/1000 ICU-days
3:4/1000 hospital-days | Death rate 13.19 - 0.7 | 2:Type 2[Ventilald HABP
_ -
L ] st ke 3% 686 640 599 556 518 1:Type 1 -Nonwventilated HABP
215 1989 181 157 146 2: Type 2 - Ventilatd HABP
I 388 359 323 290 263 3:Type 3 - VABP
1289 1198 1103 1003 927  4:Type 4 - Total

0 7 14 21 28

Days Since Start of Study Medication
Population counts per time point represent the number of subjects at risk in each stratum

Wicky, P. H., et al. (2022) Talbot, G. H., et al. (2019)

Pneumonia Type



Spectrum of Nosocomial pneumonia

| | | —different prognosis?
A Multicenter Retrospective Cohort Study, United States, 2014-2019

Nonventilated Ventilated
Hospital- Hospital- Ventilator-
Acquired Acquired Associated
Bacterial Bacterial Bacterial
Pneumonia % Pneumonia % Pneumonia
Qutcome n=4,728 n=4,561 n = 8,530
Hospital mortality 553 11.70 1,330 29.16 1,813 21.25 < 0.001
30-d readmission 1,021 24 .46 728 2252 1,266 18.83 < 0.001
Discharge destination
Home 863 18.25 391 8.57 785 9.20 <0.001
Home with healthcare 842 17.81 387 8.48 583 6.83
SNF 1,927 40.76 1,930 42.32 4,395 51.562
Died 332 7.02 293 6.42 436 5.11
Hospice bb3 11.70 1,330 2916 1,813 21.25
Other 211 4.46 230 5.04 518 6.07
Hospital LOS all, d
Mean (sp) 23.4 (24.6) 25.6 (20.7) 27.8 (24.1) < 0.001
Median (IQR) 17 (11-27) 21 (14-31) 22 (15-32) < 0.001
Hospital costs all, $
Mean (sp) 59,002 (67,448) 82,372 (80,624) 101,386 (106,229) < 0.001
Median (IQR) 39,911 62,464 77657 < 0.001
(24,142-69,129) [39,149-99,323] [60,823-122,419]

Zilberberg, M. D, et al. (2022)



Etiology of HAP/VAP Microbiology, empiric therapy and its impact on the outcomes of
nonventilated hospital-acquired, ventilated hospital-acquired,

and ventilator-associated bacterial pneumonia in the United States,
2014-2019 (Multicenter retrospective cohort study within Premier Research database)

| Klebsiclla pneumoniae | |

Escherichia coli

Enterobacter cloacae o B HABP
@ Somralia Marcescons Antimicrobial resistance — HABD
Lo Enterobacter acrogenes § : 6.84 | 9.10 1
%-§ Klebsiella oxytoca Carbapenem resistant 7.60 : .001 B vasP
o2 Proteus mirabilis Third-generation 14.43 |14.90 | 12.86 | .066
z3 Citrobacter other e
£0 Enterobacter other cllzliei
o g Citrobacter freundil resistant
O¢ Morganella morganii §
o e Serratia glhor Noncarbapenem 1462 |[16.01 | 1648 | .018
Providencia spp anti-pseudomonal
Klebsiella other p-lactam-resistant¢

Proteus other |

Pseudomonas 8erugin0s e — |
L9 Haemophilus influenzae
i E<S ____Acinelobacter baumannii |
562 Stencirophomonas maltophilia §
= Moraxella catarrhalis _
RS ~ MRSA
SlIODlOCOCCUS pnoumoniau — :
Stréplococcus other &

i 1] i i | 1 ¥ || i

0% 5% 10% 15% 20% 25% 30% 35% 40%
Percent Present in the Index Culture Zilberberg, M. D,, et al. (2022)



Etlology of HAP/VAP

Table 1 Micr gy and main resistance profile of microorganism causing VAP, VAT and HAP in non-ventilated patients treated in ICU (data from studies published from 2010
to 2019)
Reference Type of infection Microbiology

Ferrer et al. (2010)
Esperatti et al. (2016)
Restrepo et al.  (2013)

Quartin et al.  (2013)
Nseir et al. (2014)

Martin-Loeches et al (2015)

ECDC (2018)
Koulenti et al.  (2017)
ENVIN-HELICS  (2018)

Pulido et al. (2018)

Huang et al (2018)

Canton-Bulnes et al.  (2019)
Ibn Saied et al.  (2013)

VAP
VAP

VAP
VAT

VAT
VAP
VAP

VAP

VAP
VAP

VAT
VAP

S, aureus, 17.7%

| P aeruginosa, 24% |
| S. aureus, 38.7% |
MDR, 30%

S. aureus, 60.3%

P. aeruginosa, 17.7%
| S. qureus, 23% |
H. influenzae, 23.4%

| P. aeruginosa, 94% |

F. aeruginosa, 34.4%
MDR, 36.8%

| P.aeruginosa, 25% |
MDR, 61%

| F. aeruginosa, 24% |
MDR, 61%
| F. aeruginosa, 20.8% |

Enterobacteriaceae, 32 9%

| P. aeruginosa, 23.8% |

PIP/TAZ R, 34.1%
Carba R, 37.9%
Colistin R, 8.6%

| S aureus, 205% |

| S. aureus, 23% |

| S. aureus, 24% |

| S aureus, 178% |

| S. aureus, 24.9% |

| S. aureus, 13.5% |
MRSA, 12.7%

| F. geruginosa, 21.1% |

| A baumanii, 17.9% |

| A. baumanii, 33.9% |

| K pneumoniae, 23.6%|

Carba R, 76.4%

| P. aeruginosa, 24.5% |

| P. aeruginosa, 33.5% |

Carba R, 44%
H. influenzae, 18.9%

Enterobacteriaceae, 32.3%

Ecali, 6.5%
£ coli 7%

Enterobacter spp., 4.3%
Enterobacter spp., 6%

| P. aeruginosa, 14.7% |

| k. pneumoniae, 11.5% |

Acinetobacter spp., 73%|
A. baumanii, 11.5%

| Klebsiella spp., 15% |

| Klebsiella spp., 14% |

| Klebsiella spp., 6.8% |
K. oxytoca, 10.6%

E. coli, 12%

Enterobacter spp., 12%

| Kiebsiella spp., 16.1% | E. coli, 13.3%

| P. aeruginosa, 17.4% | | A. baumanii, 15.4%

| Kiebsiella spp., 103% | E. coli, 9.1%
PIP/TAZ R, 50% PIP/TAZ R, 21.7%
Carba R, 23.5% Carba R, 0%
3°G cef R, 37% 3°G cef R, 12.5%

| K. pneunoniae, 156% |

| S, aureus, 13.3% |

| P. geruginosa, 19.8% |

| S. aureus, 7.1% |

Carba R, 59.5%
E. coli 9.4%
S. aureus, 19% |

MRSA, 60%
| 5. aureus, 9.4% |

5. pneumoniae, 4.9%

K. pneumoniae, 3.2%

H. influenzae, 4%
E coli 11.1%

Enterobacter spp,, 5.1%
Enterobacter spp., 9.8%

Enterobacter spp., 11%

£ coli, 11%

Enterobacter spp., 10.3%

Enterobacter spp., 8.6%

E coli, 7.8%
5. maltophilia, 3.8%

|K. pneumoniae, 7.5%
S. maltophilia, 4.7%

carba carbapenem, HAP hospital-acquired pneumonia, MDR multidrug resistant, VAP ventilator-associated pneumonia, VAT ventilator-associated tracheobronchitis, PIP/TAZ piperacillin/tazobactam, R resistance, 3°G cef

Zaragoza, R, et al. (2020)

3" generation cephalosporin

*Trial designed to compare MRSA pneumonia treatment, special effort to include patients with MRSA pneumonia



Etiology of HAP/VAP

Clinical and microbiological characteristics of adults with hospital-acquired pneumonia

: a 10-year prospective observational study in China
(Chinese Antimicrobial Resistance Surveillance of Nosocomial Infections network, 2007-2016)

Speciesa VAP Non-VAP Total p value
n=1181(%) n=1749 (%) n=2930 (%)
Acinetobacter baumannii 374 (31.7) > 375(21.4) 749 (25.6) <0.001*
| Pseudomonas aeruginosa 250 (21.2) 338(19.3) | 588(20.1) 0.240
Klebsiella pneumoniae 142 (12.0) 310 (17.7) 452 (15.4) <0.001%*
Staphylococcus aureus 156 (13.2) 212 (12.1) 368 (12.6) 0.415
Escherichia coli 60 (5.1) 160 (9.1) 220 (7.5) <0.001*
Pseudomonas maltophilia 57 (4.8) 77 (4.4) 134 (4.6) 0.654
Enterobacter cloaca 38 (3.2) 81 (4.6) 119 (4.1) 0.071
Serratia marcescens 11(0.9) 25(1.4) 36(1.2) 0.303
Burkholderia cepacia 25 (2.1) 10 (0.6) 35(1.2) <0.001*
Enterobacter aerogenes 7(0.6) 22 (1.3) 29 (1.0) 0.112
Streptococcus pneumoniae 2(0.2) 22 (1.3) 24 (0.8) 0.003
Citrobacter freundii 8 (0.7) 13 (0.7) 21 (0.7) 0.987
Proteus mirabilis 7 (0.6) 14 (0.8) 21(0.7) 0.667
Klebsiella oxytoca 7(0.6) 12 (0.7) 19 (0.6) 0.941
Staphylococcus haemolyticus 2(0.2) 9 (0.5) 11(0.4) 0.234
Staphylococcus epidermidis 1(0.1) 9 (0.5) 10 (0.3) 0.102 Yin, Y., et al. (2021)




Etiology of HAP/VAP (Prevalence of MDRO)

Prevalence of CRAB, CRPA, CRE, and MRSA in HAP patients

: a 10-year prospective observational study in China
(Chinese Antimicrobial Resistance Surveillance of Nosocomial Infections network, 2007-2016)

90% ¢
79.2% CRAB
75% | 71.1% T1V
64.5% MRSA
60% F
a5% | 428%
CRPA
30% }
! 11.6%
1% 7.3% _+ CRE
D.Bufu 1.4“/’0 M
0% ‘—— —— .
2007 2009 2011 2013 2016

Year

Yin, Y., et al. (2021)
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b) A e e 256 hospitals (340 units), Korea

0|2 UHUAZNFA SEXHA B2 AT} E7: 20194 7HLE 20204 62

Korean National Healthcare—associated Infections Surveillance KON |S
System, Intensive Care Unit Module Report: Summary of Data ( )
from July 2019 through June 2020
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2 S d 90 (80.2%), 1YY T(18.3%)
MEE 77.7%
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o A. baumannii (31.6%) 41.9%
K pneumoniae (17.1%) 18.5%
« 8. aureus (16.6%) 23.8%
« PR aeruginosa (12.4%) 16.5%

Kim, et al. (2021)
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Table 3. Antimicrobial resistance rates(%) of major pathogens isolated from patients with healthcare—associated infections

Antimicrobial resistance rates

Organism

2006-2011 2012-2016 2017-2020
79.7/79.4/745/75.4

Methicillin-resistant Staphylococcus aureus

Vancomycin-resistant Enterococcus faecalis 3.80 3.80 6.5/ 39/32/ 73
Vancomycin-resistant Enterococcus faecium 40.3 48.3 43.7 /50.7 /55.9/ 56.6
Celotaxime-resistant Escherichia coli 39.9 46.6 56.8/52.6/58.8/52.6
Cefotaxime-resistant Klebsiella pneumoniae 61.9 59.3 68.6 /65.6 /64.3 /65.2
Ciprofloxacin-resistant Escherichia coli 52.9 56.1 61.8/57.6/61.6/60.8
Ciprofloxacin-resistant Klebsiella pneumoniae 56.8 51.6 64.3/62.4/58.3/61.0
Imipenem-resistant Pseudomonas aeruginosa 52.9 41.0 45.2 /50.3/52.7 /50.3
Imipenem-resistant Acinetobacter baumanmii 748 87.5 89.1/89.6/89.3/89.7
Imipenem-resistant Klebsiella pneumoniae 12.1/15.1/18.3/ 23.5

= Antimicrobial resistance rates @ Mo, of resistant / Total isolates = 100

Lee, et al. KONIS (2017), KONIS (2017-2020)
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Table 4, Antimicrobial resistance rates(%) of major isolated pathogens

2006 2007-2008  2008-2009  2009-2010  2010-2011  2011-2012  2012-2013  2013-2014  2014-2015 2015-2016 2017-2020

MRSA

IRAB

Rates (%)

100

70

S0

40

30

424 8.7 4.9 91.3 4.4 3.1 6.6 87.6 89.4 8d.1 77.3
436 5.1 68.9 82.5 f4.8 86.9 83.1 £8.2 £9.4 90.2 89.4
92.4
89— 55—
773
68.9
65.1

2006 2007-2008 2008-2009 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2017-2020
~ ~MRSA(%) ~@~IRAB(%)

Figure 1, Antimicrobial resistance rates(%)

Modified from Lee, et al. KONIS (2017)



Etiology of HAP/VAP in Korea

High Prevalence of Multidrug-Resistant Nonfermenters 2008-2009 (15 hospitals, Korea)
in Hospital-acquired Pneumonia in Asia (Prospective multinational surveillance study in 73 hospitals, 10 Asian countries)

South K Asi . .
cosalebusac i i <MDR rates in Asia>
Acinetobacter 16.2% | S. aureus 30.1% 15.8%
HAP S.aureus 16.0% Hap P aeruginosald.3% 6%

\ P. aeruginosa15.8% Acinetobacter10.0% | 13.5% S. Aureus 82.1%
K. pneumoniae8.3% — * K. pneumoniae9.6% | 12.0% . : -1 70
gclnotoll)acterzs’ss."lo;/o — S.aur?us26.6°/. ;gsz,; P. aeruginosa 42.8%

 aeruginosa28. cinetobacter 15. 5% .
VAP S Qureus24.3% VAP b aeruginosal41% | 25.9% A. baumannii  82.0%
K. pneumoniae 11.9% K. pneumoniae9.4% | 16.7% K. pneumoniae 44.7%

£

P. aeruginosa21.9%

" & HAP K. pneumoniae15.1%
o Acinetobacter13.7%
S. maltophilia8.2%

Acinetobacter 37.8%
/ VAP P. aeruginosai1.8%

Al
Q2

K. pneumoniae 8.9%

. Figure
: ('Tiiwan nanisn
Risk factors for mortality
- VAP vs. HAP : OR 1.433 (0.990-2.076), p=0.057
- ICU vs. Non-ICU : OR 0.406 (0.284-0.581), p<0.001
- S. aureus : OR 0.640 (0.413-0.992), p=0.046
- A. baumannii : OR 1.303 (0.925-1.835), p=0.130

Discordant initial empirical antibiotic therapy : OR 1.542 (1.127-2.110), p=0.007

Chung, D. R, et al. (2011)



2012-2015 (5 hospitals, Korea)

The Distribution of Multidrug-resistant Microorganisms and Treatment Status of
Hospital-acquired Pneumonia/Ventilator-associated Pneumonia in Adult Intensive Care Units
: A Prospective Cohort Observational Study

Discrepancy between major HAP/VAP pathogens and empirical antibiotics

etc

| Tigecycline-
10%

based

4%

Cefepime-
based
4%

*Of the 250 identified pathogens,

MDR rate 97%
100 88%
- ' 41%  100%
; -7 -
A S. aureus i3l S.
baumannii aerusinosa maltophilia

# Non-MDR = MDR

171 (68.4%) pathogens were multi-drug-resistant.

Carbapenem-
based

38%

Extended-spectrum
penicillin/B-lactamase
inhibitor
34%

Empirical antibiotics during the first 48 hours

Chang, Y., et al. (2021)



Table 4. Empirical and subsequent antibiotic treatments (n = 381)

Empirical antibiotics during the first 48 hours Subsequent antibiotics from the first 48 hour forthto 2 weeks ~ n=377°
Carbapenem-based 144 (38) Carbapenem-based 137 (36)
Extended-spectrum penicillin/p-lactamase inhibitor 131 (34) Extended-spectrum penicillin/B-lactamase inhibitor 109 (29)
Glycopeptide or linezolid only 20 (5) Intravenous colistin-based 30 (8)

| Intravenous colistin-based 1905 | Intravenous colistin + tigecycline 20 (5)
Cefepime-based 15 (4) Cefepime-based 19 (5)
Tigecycline-based 14 (4) Quinolone only 15 (4)
Quinolone only 12(3) Glycopeptide or linezolid only 15 (4)
Third cephalosp?rin-ba'sed 9(2) Tigecycline-based 12 (3)
Carbapenem + tigecycline 8(2) Third cephalosporin-based 1(3)
Sulbactam-based 4 (1) . :

[ Intravenous colistin + tigecycline 4(1) | Ealiop e e e 2(1)
Others 1(03) Sulbactam-based 2(1)
Combination therapy 0ther§ _ 5(1)

[ Quinolone 149/369 (40) | Combination therapy

[ Glycopeptide or linezolid 196/361 (54) | | Quinolone 127 (34) |

Inhaled colistin 20 (5) | Glycopeptide or linezolid 176 (47) |

Appropriate empirical antibiotics as a prognostic factor for 28-day mortality

Univariate analysis Multivariate analysis
OR (95% CI) Pvalue OR (95% CI) P value
| Appropriate empirical antibiotics 0.415 (0.167-1.032) 0.059 0.282 (0.092-0.859) 0.026 |
Appropriate antibiotics from 48 hours to 2 weeks 0.499 (00.190-1.310) 0.158

Chang, Y., et al. (2021)



2019 (1 3 hOSpita|S, Korea) Table 3. Bacterial pathogen identified in patients with

hospital-acquired and ventilator-associated pneumonia

A Characteristics, Management, and Clinical o No.
I:I‘(iCJ Outcomes of Patients with Hospital-Acquired 1 _ =
Tuberculosis & Reapiratory Discases . . . Gram-positive pathogens
and Ventilator-Associated Pneumonia: Staphylococeus aureus ot
A Multicenter Cohort Stlldy in Korea Strepiococcus preumionia 7
,/ Enterococcus [aecium 5
Nonstaphvlococcus aureus 4

<MDR rates of most common pathogens> Staphylococcus species
Others* 5

1) 32.2% : Acinetobacter (MDR 98.5%) Gram-negative pathogens
2) 17.1% : Pseudomonas (MDR 83.3%) Acinelobacter baumanni o
3) 34.1% : Enterobacteriaceae (MDR 37.5%) Pseudomonas aeruginosa -
(16.6%: K. pneumoniae) @ﬂe_ﬂ@”m_’]mw -
Escherichia coli 11
4) 11.4% : S. aureus (MRSA 79.2%) Sternotrophomonas maltophilia =
MDR pathogen identified’, n (%) 138 (70.4) Enterobacter cloacae 10
Acinetwbacter species 67 /68 Serfatia HAreesees >
Pseudomonas aeruginosa 30/36 Proteus speces ’
' ‘ z ; Klebsiefla acrogenes 3
Enterobacteriaceae 27 /12 Maoravella catarrhalis 2
Staphylococcus aureus 19 /24 Burkholderia cephacia 2
Enterococcus species 4/5 Citrobacterspecies 2
Others’ 2

Ko, R. E.,, et al. (2021)



Table 4. Treatment for hospital-acquired and ventilator-

associated pneumonia

Variable

Value (n=526)

Initial empirical antibiotics

Extended-spectrum penicillin/ 312(59.3)
beta-lactamase inhibitor
Respiratory fluoroquinolone 169 (32.1)
Third cephalosporin 53(10.1)
Celepime 35 (6.7)
Aminoglycoside 13(25)
Glycopeptide 79(15.0)
I Carbapenem 107 (20.3)
Colistin #8(15)
Marcrolide 5(1.0)
Others 44 (84)
I Combination therapy of empirical antibiotics 249 (47.3)

Appropriateness of initial empiric antibiotics*
Appropriate 102 (48.3)
Inappropriate 92 (43.6)
Not applicable 17 (8.1)
Changed antibiotics according to 135 (64.0)
microbiologic results*

Ko, R. E., et al. (2021)



Outcome of Inappropriate Empiric Therapy

Multidrug resistance, inappropriate empiric therapy, and hospital mortality
in Acinetobacter baumannii pneumonia and sepsis

MDR-AB - Inappropriate empiric therapy(lET)

13.4% vs. 73.9% (PSM)
OR = 5.5 (3.6-8.4), p<0.001

80%
60%
40%

20%

0% -

Overall Sepsis Pneumonia HCA

HE DR (multidrug resistant) Acinetobacter baumannii
[ 1 Non-MDR Acinetobacter baumannii

Fig. 1 Inappropriate empiric therapy as a function of multidrug
resistance (MDR). HCA healthcare-associated

Inappropriate empiric therapy(IET) > Mortality

15.0% vs. 27.8% (PSM)
OR = 1.85 (1.35-2.54), p<0.001

25%
20%
15%
10%

5%

0% -

Overall Sepsis Pneumonia HCA

I Rcceived Inapproprite Empiric Therapy
[ 1 Received Appropriate Empiric Therapy

Fig. 2 Mortality and inappropriate empiric therapy.
HCA healthcare-associated Zilberberg, M. D, et al. (2016)



Outcome of Inappropriate Empiric Therapy

Carbapenem resistance, inappropriate empiric treatment, and outcomes
among patients hospitalized with Enterobacteriaceae UTI, pneumonia and sepsis

-

CRE - Inappropriate empiric therapy(IET)

13.1% vs. 55.8% (PSM)
RR = 4.27 (3.64-5.00), p<0.001

~

ﬁppropriate empiric therapy(lET) - Mort@

10.5% vs. 11.9% (PSM)
OR = 1.13 (1.01-1.27), p<0.001

Inappropriate empiric therapy(IET) - LOS

9.6 vs. 14.6 days (PSM)
Excess days = 5.0 (4.4-5.6), p<0.001

Inappropriate empiric therapy(IET) = Costs

$22,005 vs. $32,837 (PSM)

Q(cess costs= $10,831 (9,254-12,409), p<0.w

Zilberberg, M. D, et al. (2017)




Outcome of Inappropriate Empiric Therapy

Inappropriate Empiric Therapy Impacts Complications and Hospital Resource Utilization

Differentially Among Different Types of Bacterial Nosocomial Pneumonia:
A Multicenter Retrospective Cohort Study, United States, 2014-2019

Impact of Inappropriate Empiric Therapy on the Outcomes Stratified by Pneumonia Type

Outcome

Postinfection onset hospital
LOS, d

Postinfection onset ICU LOS, d

Hospital costs, $

Postinfection onset mechanical
ventilation duration, d

Clostridium difficile

Extubation failure

Reintubation®

Characteristic

Empiric treatment appropriateness

Non-IET
IET
Indeterminate

Nonventilated Hospital-
Acquired Bacterial
Pneumonia

Point Estimate
(95% CI)

4.9 (3.0-6.9) < 0.001

1.1 (0.1-2.2) 0.029

$13,147 <0.001
(3,009-23,284)

OR=1.25 0.566
(0.58-2.71)

3856 8156 3929
403 254
469 9.92 378

Ventilated Hospital-
Acquired Bacterial

Pneumonia

Point Estimate
(95% CI)

0.6
(-1.3 to 2.5)

1.4
(0.0-2.9)

$4,658
(2,424 to 11,750)

0.5
(-0.3to 1.2)

OR=1.70
(0.86-3.34)

OR=1.20
(0.84-1.72)

OR=1.11
(0.69-1.81)

86.14

8.29

0.559

0.056

0.198

0.259

0.125

0.323

0.66

7178

615
737

Ventilator-
Associated Bacterial

Pneumonia

Point Estimate

Table 3. Adjusted Contribution of Inappropriate Empiric Treatment to
Outcomes

(95% CI)
1.5 0.075
(-0.2 to 3.2)
0.4 0.406
(—0.6 to 1.4)
$6,161 0.021
(928-11,394)
0.8 0.104
(-0.2 to 1.9)
OR=0.95 0.824
(0.568-1.55)
OR=1.34 0.017
(1.05-1.71)
OR = 1.61 0.003
(1.17-2.20)

84.15

8.64

< 0.001

Mortality, OR 1.11 (0.96-1.27) 151
30-day readmission, OR 1.16 (0.97-1.39) .109
Total hospital LOS, 4.8 (2.5-7.1) <.001
additional days

Postinfection-onset 2.3 (1.2-3.4) <.001
hospital LOS, additional days

Postinfection-onset 1.1 (0.4-1.8) .001
ICU LOS,

additional days

Postinfection-onset MV 0.6 (—0.1 to 1.3) .079

duration, additional days?®

Hospital costs, additional $ 12,142 (3,272-21,013) <.001

Zilberberg, M. D, et al. (2022)

Zilberberg, M. D, et al. (2022)
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2016 USA guideline

Table 2. Risk Factors for Multidrug-Resistant Pathogens

Risk factors for MDR\VAP
Prior intravenous antibiotic use within 90 d

|Septic shock at time of VAP
IAHDS preceding VAPI

High risk of mortality i

Need for MV (VHAP)
Septic shock

Five or more days of hospitalization prior to the occurrence of VAP

IAcute renal replacement therapy prior to VAP onset|

Risk factors for MDR HAP
Prior intravenous antibiotic use within 90 d
Risk factors for MRSA VAP/HAP

Prior intravenous antibiotic use within 90 d , Prior detection of MRSA

Risk factors for MDR Pseudomonas VAP/HAP
Prior intravenous antibiotic use within 90 d, Structural lung disease (ie, bronchiectasis)

Any of the following :

« a risk factor for antimicrobial resistance (Table 2.
e in units where] >10%-20% of S. aureus are MRSA

> 10% of GNB are resistant to monotherapy

* in units where local antimicrobial susceptibility rates

(or MDR prevalence) is not known

All hospitals regularly generate and disseminate
a local antibiogram, ideally one that is specific to
their HAP or ICU population, if possible.

Empiric treatment regimens be informed by the
local distribution of pathogens associated with
HAP/VAP and their antimicrobial susceptibilities.

Update

‘ ‘ Goal : 2 95% of patient
receiving appropriate empiric therapy

"..when implementing these recommendations, individual ICUs may elect to modify these thresholds...

2016 IDSA/ATS guideline



Table 3. Suggested Empiric Treatment Options for Clinically Suspected

Staphylococcus aureus Coverage and

VAP

Ventilator-Associated Pneumonia in Units Where Empiric Methicillin-Resistant

Double Antipseudomonal/Gram-Negative Coverage Are Appropriate

A. Gram-Positive Antibiotics With
MRSA Activity

B. Gram-Negative Antibiotics With
Antipseudomonal Activity: B-Lactamm—-Based Agents

C. Gram-Negative Antibiotics With Antipseudomonal
Activity: Non-pf-Lactam—-Based Agents

Glycopeptides®
Vancomycin 15 mag/kg IV g8-12h
(consider a loading dosg @f 25-30
ma/kg x 1 foﬁaqyéh‘ﬂlnessl
OR, i MR
AtV
Oxazolidinones
Linezolid 600 mg IV q12h

Antipseudomonal penicillins®
Piperacillin-tazobactam 4.5 g IV l:;-Eih':1

. {\C‘-‘"
o \ a‘\’{‘b\o
Cephalosporins® «\o(\a
Cefepime 2 g IV g8h e\)do
Ceftazidime %gpb&qgﬁ

pett?
OR
Carbapenems”
Imipenem 500 mg IV g6h® . .\o{\cs
Meropenem 1 g IV q8h \a(\“b
2

OR \ ’vse“

Monobactams' P‘“"
Aztreonam 2 g IV g8h

Fluoroguinolones
Ciprofloxacin 400 mg IV g8h
Levofloxacin 750 mg IV g24h

OR

Aminoglycosides™*
Amikacin 15-20 mg/kg IV g24h
Gentamicin 5-7 mg/kg IV g24h
Tobramycin 5-7 mg/kg IV q24h

OR

Polymyxins®®
Colistin 5 mg/kg IV x 1 (loading dose) followed by 2.5
mg x (1.5 x CrCl + 30) IV g12h (maintenance dose) [135]
Polymyxin B 2.5-3.0 mg/kg/d divided in 2 daily IV doses

reserved for settings with high prevalence of MDR
and local expertise in using this medication

If structural lung disease (ie, bronchiectasis) : dual anti-pseudomonal coverage

Single anti-Pseudo(&MSSA) = Dual anti-Pseudo(&MSSA) = Triple (Dual anti-Pseudo + anti-MRSA)



HAP

Table 4. Recommended Initial Empiric Antibiotic Therapy for Hospital-Acquired Pneumonia (r\lnn-‘n’enlilatnr-Assnciaied Pneumonia)

Mot at High Risk of Mortality® and no
Factors Increasing the Likelihood of

MRSA®®

One of the following:

Piperacillin-tazobactam® 4.5 g IV g6h

OR

Cefepime® 2 g IV g8h
OR

Levofloxacin 750 mg IV daily

Imipenem® 500 mg IV gBh
Meropenem® 1g IV g8h

? but With Factors

Increasing the Likelihood of MRSA™®

Need for MV (vHAP), Septic shock

‘ igh Risk of Mortaltyvjor Receipt of Intravenous
Antibiotics During the Prior 90 d™

One of the following:
Piperacillintazobactam® 4.5 g IV g6h
OR

Cefepime® or ceftazidime® 2 g IV g8h
OR

Levofloxacin 750 mg IV daily
Ciprofloxacin 400 mg IV g8h

OR

Imipenem® 500 mg IV g6h
Meropenem® 1 g IV g8h

OR

Aztreonam 2 g IV gBh

Anti-MSSA & Pseudomonal antibiotics

Antibiotics(90d),
oe. MRSA > 20%, colonization

Two of the following, avoid 2 B-lactams:
Piperacillin-tazobactam® 4.5 g IV g6h
OR

Cefepime® or ceftazidime® 2 g IV q8h
OR

Levofloxacin 750 mg IV daily
Ciprofloxacin 400 mg IV q8h

OR

Imipenem® 500 mg IV g6h
Meropenem® 1 g IV g8h

OR

Amikacin 15-20 mg/kg IV daily
Gentamicin 57 mg/kg IV daily
Tobramycin 57 mg/kg IV daily

OR

Aztreonam® 2 g IV g8h

D -
rius:

Colistin (x)

Vancomycin 15 mg/kg IV q8-12h with goal to targef
15-20 mg/mL trough level {consider a loading
dose of 26-30 mg/kg x 1 for severe illness)

Vancomycin 15 mg/kg IV gs—1Zh with goal 1o target 15—20 mg/mL
trough level (consider a loading dose of 256-30 mg/kg IV x 1 for
severe lllness)

OR Anti-MRSA antiibotics
Linezolid 600 mg IV g12h Linezolid 600 mg IV g12h
It MRSA coverage is not going to be used, include coverage for MSSA.

Options include:

Piperacillin-tazobactam, cefepime, levofloxacin, imipenem,
meropenem. Oxacillin, nafcillin, and cefazolin are preferred for the
treatment of proven MSSA, but would ordinarily not be used in an
empiric regimen for HAP.

If patient has severe penicillin allergy and aztreonam is going to be used
instead of any p-lactam—based antibictic, include coverage for MSSA.

Single anti-Pseudo(&MSSA) = Dual (anti-Pseudo+ anti-MRSA) = Triple (Dual anti-Pseudo + anti-MRSA)




2017 Europe guideline

HAP/VAP

: assess risk for MDR pathogens and mortality

(Early onset & Low MDR background)

Low MDR pathogen risk
and
low mortality risk*

(Late onset, and/or High MDR or Acinetobacter background)

High MDR pathogen risk
and/or

"

>15% mortality risk

No septic shock

Septic shock

Antibiotic monotherapy:

Narrow-spectrum agents

against non-resistant GNB
and MSSA

Single Gram-negative
anti-pseudomonal agent
[if active for >90% GNB]
+ MRSA therapy(>25%)

Brpad-spectrum agents targeting PA, AB and ESBL-PE

: Dual Gram-negative,
anti-pseudomonal coverage
(beta-lactam plus
AG/FQ/AB:Colistin)

+ MRSA therapy(>25%)

Ertapenem,
ceftriaxone, cefotaxime,
moxifloxacin or levofloxacin

Imipenem, meropenem,
cefepime, pip/tazo,
levofloxacin or ceftazidime

Imipenem, meropenem,
cefepime, pip/tazo,
aztreonam or ceftazidime

2017 ERS/ESCIM/ESCMID/ALAT guideline



2012-2015 US

Potential Impact of Hospital-acquired Pneumonia Guidelines on
Empiric Antibiotics
An Evaluation of 113 Veterans Affairs Medical Centers

Prevalence of Resistance at VAMCs

Staphylococcus aureus

Gram-negative rods

9 4 94
~ * Proportion 95% Cl Table 2. Multivariable model for resistant infection in hospital-acquired pneumonia
8 £ .8
c 7 I 2 ;1 Odds Ratio (95% CI) P Value
o £
8 61 Prevale § 61 Variables for MRSA resistance
£ .| I l S 5l 20% threshold Undefined" *
5 ian = 49% g - IV antibiotics in last 90 d 1.98 (1.03-3.81) 0.04
e , | = = , | Iy Pressor order 3.89 (1.17-12.91) 0.03
2 4 _ 5 4 ; : —
c ) N=3,561 8 - Mechanical ventilation 1.82 (0.43-7.67) 0.41
2 8 f AUC=0.55
34 .979 2 3+ . .
g (99.97%) e l Variables for GNR resistance
o —p 2 a L IV antibiotics in last 90 d 1.00 (0.44-2.28) 0.99
N=1 5 | i Pressor order 1.33 (0.18-9.86) 0.78
14 (0.03%) g4 Prevalenc Mechanical ventilation 4.37 (1.52-12.57) 0.01
N « Proportion 95% Cl .| T median = 6.7% AUC=0.55

0 20 40 60 80

100

VAMCs ranked by proportion resistant

0 20 40 60 80 100
VAMCs ranked by proportion resistant

N=3,562

MRSA (184, 5.17%), R-GNR (82, 2.3%)

N=1199 (proven microbes, 33.66%)
MRSA (184, 15.3%), R-GNR (82, 6.8%)

IDSA CPG’s Empiric MRSA guidance (20% threshold)
: sensitivity 100%, specificity 0.03%
- 94.81% potentially overtreated using 20% threshold

Bostwick, A. D., et al.

(2019)



Evaluation of the 2016 Infectious Diseases Society of

America/American Thoracic Society Guideline Criteria Qvertreated > Appropriate > Undertreated
for Risk of Multidrug-Resistant Pathogens in Patients

with Hospital-acquired and Ventilator-associated High sensitivity, Low specificity, Very Low PPV for MRSA
Pneumonia in the Icu M Appropriate [ Overireated M Undertreated

| i MRSA MDR Pseudomonas
In a single center prospective cohort (6 ICUS) yvap HAP .

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Ekren, P. K., et al. (2018)



Carbapenem-based empiric regimen

Carbapenems vs. alternative B-lactams for the treatment of
nosocomial pneumonia: A systematic review and meta-analysis

Carbapenem Alternate p-lactam Odds Ratio Odds Ratio

Study or Subgroup  Evenis  Total  Evenis Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jaccard 1998 6 79 T 76 87%  0.80[D.26 2.49|
Joshi 2006 17 215 23 222 27.3%  0.74[0.39 1.43 —-—

1 Rea-MNato 2008 30 217 31 212 35.3% 0.94 [0.54, 1.61] — &

Mortallty Zanetti 2003 19 m 28 108 287%  066([0.34 1.29) ——
OR 0.79 (0.57-1.11) [ Total (95% o) 612 617 100.0%  0.79[0.57, 1.11] e |

Total events 72 29
Heterogeneity Chi®= 0,69, df= 3 (P = 0.88); F= 0% u.|=31 I]?I

Test for overall effect: Z=1.35 (P =0.18) Sy S

Carbapenem B-lactam

Development of Study or Subgroup _ Events  Total Events Total
H Jacecard 1998 B 24 1
in Pseudomonas Zanett 2003 . £ 2% '€ . d
OR 264 (1.08-644) _[ommr o patiel ygiple ie
“em u %) an { a\ : , , ,
ape 6l Q7o ). L 0.01 0.1 1 10 100
Car es ( . ner| : : I
O-‘ -\_‘(‘\e e \t\,\\' _\Nag Favours [experimental] Favours [control]
) “ega".\

_wsions: | No differences in clinical outcomes|were observed between carbapenems and non-
carbapenem f-lactams in nosocomial pneumonias.|Those infected with P. aeruginosa fared worse]and
werefjmore likely to have resistance develop if they were treated with imipenem) Additional studies are

warranted.
O'Donnell, J. N., et al. (2018)




2019 (16 hospitals, Korea)

Dual anti-Pseudomonal empiric combination

Figure 1. Flowchart. HAP hospital-acquired pneumonia.+

v 1,193 HAP (=18 yr) between Januvary

+
1. and December 31, 2019+ Excluded (n=439)-«

- . 40 transferred to step-up center+

“ v 96 no antipseudomonal agent+

+ 754 HAP patients« 303 antipseudomonal antibiotics other

than cefepime and piperacillin‘tazobactam+

+

+

+

¥ ¥
Antipseundomonal monotherapy Antipseudomonal combination
(pip/tazo, cefepime) with fluoroquinolone
(n=429 56.9%)~ therapy (n=325_ 43.1%)+

Unpublished data



A. Before PS matching in overall cohort (Log Rank p$0.955)« B. After PS matching in overal

Survival probability
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L

Fig. 2. Kaplan-Meier curve analysis for 30-day mortality -

0.6

04

Survival probability

Monatherapy
M Cambination tharapy
0.0

cohort (Log Rank ps

Monotherapy

—Combination therapy

=0.520)+
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Days |

Table 4. Odds ratios for 30-day mortality in PS matched cohort

25

Variablese Unadjusted OR (95% Cl)» | pe Adjusted OR (95% Cl)~ | pe
Qveralle e e 9 9
Monotherapy- 1 (Reference)s o 1 (Reference)s 8
Combination therapy« 1.057 (0.678-1.631)~ 0.823+ | 1.075 (0.664-1.739)+ 0.769+
Microbiologically documented«| ° o o
Monotherapy+ 1 (Reference)s a 1 (Reference)s a
Combination therapy+ 1.562 (0.729-3.349)« 0.251¢ [ 1.082 (0.460-2.549)« 0.856+
Clinically documenteds o o e o
Monotherapy» 1 (Reference)s a 1 (Reference)s a
Combination therapy+ 0.771 (0.409-1.464) 0422+« [ 0954 (0.485-1.879)« 0.892¢

PS: propensity score; OR: odds ratio; Cl: confidence interval.»

Unpublished data



Appropriate Empiric Combination therapy

for Pseudomonas aeruginosa

Outcomes of Appropriate Empiric Combination versus Monotherapy

. . | |
fOI' Pseudomonas aerugmosa Bacteremia
TABLE 2 Risk factor analysis of 30-day mortality _
Univariate analysis Multivariate analysis > p=0.59
Variable OR (95% CI) P value OR (95% CI) Pvalue E |
o
Age 1.01 (0.99-1.03) 0.24 E
Male gender 1.28 (0.77-2.13) 0.34 =
ICombination therapy 1.14 (0.63-2.04) 0.67 | Z _
Length of stay prior to culture 1.01 (1.00~1.01) 0.01 1.01 (1.00-1.02) 0.01 §
Infection-related APACHE II score 1.10 (1.07-1.15) <0.01 1.12 (1.08-1.17) <0.01 i "
Comorbidities
Cardiovascular conditions 0.41 (0.23-0.73) <0.01
Respiratory conditions 1.46 (0.73-2.94) 0.29 0.0 | | | |
Central nervous system disease 0.63 (0.27-1.48) 0.29 0 50 100 150 200 250
Renal disease 1.21 (0.72-2.03) 0.48 Days after bacteremia
Diabetes mellitus 1.51 (0.85-2.67) 0.16
Immunosuppression 0.80 (0.45-1.42) 0.44 === Monotherapy *"** Combination Therapy
Liver disease 2.09 (1.05-4.14) 0.04

FIG 1 Comparison of times to mortality.

Empirical combination therapy did not offer an additional benefit, as long as the isolate was susceptible to at least one agent.

Inappropriate vs. Appropriate empiric therapy (30-d mortality 43.8% vs. 21.5%, £=0.03)

Antimicrob Agents Chemother. 2013 Mar;57(3):1270-4.
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Narrow vs. Broad spectrum

Consideration for
the initial empiric antibiotics G(-) vs. G(+) coverage

* Severity of illness (Mortality risk) Anti-Pseudomonal coverage
-Organ failure, Shock

-HAP (NV-HAP, V-HAP), VAP ?
e Individual clinical factors

Anti-ESBL-PE coverage

Anti-MRSA coverage

* Immune status Anti-Carbapenem-R coverage
* Potential pathogen

« MDRO risk
(Hospital days, Antibiotic exposure, etc.)

Single vs. Dual vs. Triple
Local ecology vs. Colonization

e Local ecology of MDRO Non-toxic vs. Toxic drugs
e Colonization of MDRO
e Benefit vs. Harm

Old vs. New drugs

Bolus vs. Prolonged infusion



Risk factors for MDRO-related infection

Table 2 Principal variables associated with resistance for main MDROs causing NP
MDRO Risk factors References

MRSA = Age [61-63]
= NP appearance > 6 days after admittance
= NP development excluding summers
= Respiratory diseases
= Multilobar involvernent
= Respiratory infection/colonization caused by MRSA in the previous year
= Hospitalization in the previous 90 days
= Recent nursing home or hospital stay
= Recent exposure to fluoroguinolone or antibiotics treating Gram-positive organisms

Pseudomonas aeruginosa = Prior airway colonization by P. geruginosa (64, 65]
= Previous antibiotic treatment
= Solid cancer
= Shock
= Alcohol abuse
= Pleural effusion
= Chranic liver disease independently predicted MDR amongst Pa-ICUAP
= Prior use of carbapenems
= Prior use of flucroguinolones
= Duration of therapy
= APACHE Il score

KPC = Admission to ICU, antimicrabial use [66-69]
= Prior carbapenem
= Invasive operation
= Previous non-KPC-Kp infections
= Duration of previous antibiotic therapy before KPC colonization

Enterobacteriaceae = Male sex [68, 70]
= Admission from another health care facility
= Ventilation at any point before culture during the index hospitalization
= Receipt of any carbapenem in the prior 30 days
= Receipt of any anti-MRSA agent in the prior 30 days

Acinetobacter baumannii = APACHE Il scare at admission [5, 71, 72]
= Systemic illnesses (chronic respiratory disease and cerebrovascular accident)
= Presence of excess non-invasive or invasive devices (mechanical ventilation)
= Ever used antibiotics within 28 days (carbapenem and cefepime)

KPC Klebsiella pneumoniae carbapenemase, MRSA meticillin-resistant Staphylococcus aureus, MDRO multidrug-resistant organism, NP nosocomial pneumonia Za rag oza. R. et al (20 20)
P ) O .



Risk factors for MDRO-related infection

Pseudomonoas
R aeruginosa
| @ Lung disease / Length Lung disease / Length Exposure to a Influenza infection /
S mechanical ventilation mechanical ventilation healthcare facility Trauma patients
@) North Africa / Middle East West Pacific / Southeast Asia / KPC: USA / Greece / Italy @
K Africa /Eastern Mediterranean OXA 48: North Africa / Turkey Ubiquitary
, B,road T 3GC exposure / B-lactam + _ ———
antibiotherapy exposure inhibi ithi Long duration antibiotic
D within 90 days inhibitor exposure within ———. =
90 days i

F pcarbapenem o,0p mutation
exposure

AmpC Stenotrophomonas Acinetobacter

C Hyperproducing maltophilia baumannii
T Enterobacterales
. Immunocompromisation/ Alcohol/Smoking/Lung @
O @ i R g— Prior invasive procedure disease/Diabetes
R @) Southern europe Ubiquitary Ubiquitary Hot and humid climate @)
S Antibiotic exposure (especially ~ 3GC/ Metronidazole Meropenem exposure Previous antibiotherapy E
= ticarcillin/clavulanic acid) exposure exposure =3

ESBL-PE: Extended-spectrum beta-lactamase-producing Enterobacteriaceae ; CPE: Carbapenemase Producing Enterobacteria ; MSSA : Methicillin
Susceptible Staphylococcus Aureus ; MRSA : Methicillin Resistant Staphylococcus Aureus ; 3GC: Third Generation Cephalosporin

Figure 2. Risk factors for MDRO-related infections. Antibiotics 2022, 11, 359.



Risk factors for MRSA HAP/VAP

Table 2. Risk Factors for Multidrug-Resistant Pathogens

Risk factors for MDR VAP

Prior intravenous antibiotic use within 90 d

Septic shock at time of VAP
ARDS preceding VAP

Five or more days of hospitalization prior to the occurrence of VAP

Acute renal replacement therapy prior to VAP onset

Risk factors for MDR HAP

Guideline-induced MRSA overtreatment

Prior intravenous antibiotic use within 90 d

Risk factors for MRSA VAP/HAP

Prior intravenous antibiotic use within 90 d

NPV 91%, PPV 8% - anti-MRSA overtreatment

Risk factors for MDR Pseudomonas VAP/HAP

Ekren, P. K, et al. (2018)

Prior intravenous antibiotic use within 90 d

2016 IDSA/ATS guideline

Clinical predictors of methicillin-resistant Staphylococcus
aureus in nosocomial and healthcare-associated pneumonia:
a multicenter, matched case—control study Parente, D. M, et al. (2018)

Respiratory colonization/infection of MRSA in the previous 12 months OR 14.81 (Cl 4.13-53.13),

p<0.001

Hospitalization in the last 90 days OR 2.41 (Cl 1.21- 4.81), p=0.012
Age OR 1.02 (CI 1.001-1.05), p=0.040




The Clinical Utility of Methicillin-Resistant Staphylococcus MRSA nasal surveillance screening

aureus (MRSA) Nasal Screening to Rule Out MRSA using either culture or PCR
Pneumonia: A Diagnostic Meta-analysis With

Antimicrobial Stewardship Implications

Table 2. Performance Characteristics of Methicillin-Resistant Staphylococcus aureus (MRSA) Surveillance Screening by MRSA Pneumonia Type

Sensitivity Specificity Positive LR Negative LR DOR
Type of Pneumonia  Studies, No. (95% CI), % (95% Cl), % (95% ClI) (95% CI) (95% CI) PPV, % NPV, %
All 22 70.9 (68.8-80.6)  90.3 (86.1-93.3) 728 (5.3-10.1) 0.32 (0.22-0.46) 24.6 44.8 96.5
(13.6-375)
CAP/HCAP 4 85.0(59.7-95.6)  92.1 (81.5-96.9) 10.8 (6.1-23.0) 0.16 (0.06-0.48) 66.4 56.8 98.1
(28.5-154.6)
VAP 3 40.3 (174-68.4) 93.7 (771-98.4) 6.34 (1.94-20.8)  0.63 (0.42-0.98) 9.96 35.7 94.8
(2.63-376) Parente, D. M., et al. (2018)

Diagnostic accuracy of Gram staining when predicting staphylococcal =~ Gram stain morphology by high quality LRT
hospital-acquired pneumonia and ventilator-associated pneumonia: a sample at pneumonia diagnosis

systematic review and meta-analysis - sputum, endotracheal aspirates, BAL

Diagnostic accuracy of Gram staining with presence of Gram-positive cocci in clusters, as compared with a positive final culture of Staphylococcus aureus

Gram staining  Prevalence  Agreement Sensitivity Specificity PPV (95%CI) NPV (95%CI) [LR+ (95%C1) LR-[95%CI) Diagnostic odds
of 5, aureus  [95%CI) (95%CT) (95%CT) ratio (95%CT)
Overall 15% 90% (87-93) 43%(29-57) 98% (96-100] 82% (63—94) 91%(87-94) |26.58 (10.56—-66.89) 0.58 (0.46-0.73) 45.6(16.2—-128.3)
(n = 366)
Pneumonia type
HAP 9% 93% (87—97) 42%(15-72) 98%(94—100] 71% (29-96) 94% (88—98) [23.96(5.20-110.45) 0.59 (0.37-0.96) 404 (6.6—246.3)
(n=127)
VAP 18% 88% (84-92) 43%(28-59) 99% (96—-100) 86% (64-97) 89% (84-93) [28.14 (8.68-91.22) 0.58 (0.45-0.75) 48.5(13.3-176.9)
(n = 239)
Sampling method
Non-invasive 15% 90% (86-93) 39% (25-55) 99% (96-100] 82% (60-95) 90% (86-93) |25.53 (9.05-72.03) 0.62 (0.49-0.78) 41.3(13.1-130.6)
sampling
(n = 307)
Invaslw]'l 14% 94% (86-98) 63% (25-92) 98% (90—100] 83% (36—100) 94% (84—100) |31.88 (4.26—238.73) 0.38 (0.16-0.94) 83.3(7.2-958.7) Ranzani, O. T., et al. (2020)
sampling
(n=59)




Local Ecology vs. Surveillance Culture(Colonization)

Development of antibiotic treatment algorithms

based on [local ecology] and respiratory Appropriateness and spectrum of antimicrobial therapy
surveillance cultures| to [restrict the use of Appropriate antibiotic therapy was prescribed in 95 (84.1%)
broad-spectrum|antimicrobial drugs in the HAP episodes. Antimicrobial choices proposed by LEBA
treatment of hospital-acquired pneumonia in the and SCBA were appropriate in 88.5% and 87.6%, respect-
intensive care unit: a retrospective analysis ively. Paired analysis showed no significant difference in
adequacy for the different strategies (prescribed therapy
60% versus LEBA: P = 0.33; prescribed therapy versus SCBA:

53%

P=0.5; LEBA versus SCBA: P=0.99). Pathogens asso-
ciated with inadequate empirical therapy are detailed in
Table 3.

In significantly more episodes, SCBA proposed antibi-
otics of a narrower spectrum as compared to both the

50%

40%

30% -

= Observed prescribed therapy and the regimen suggested by LEBA
20% - uEsA (P <0.001) (Figure 3). Significantly | bination th
~ SCBA <0. igure 3). Significantly less combination therapy
was proposed by SCBA (7.1%) in comparison with LEBA
1% (81.4%) (P <0.001). SCBA recommended carbapenems
0% - in significantly fewer episodes than LEBA (24 (21.2%)
Ideal One stepin Two steps in Three steps Four steps versus 92 (31.4%}, rESpEEtiVEI}' (P {D.Dﬂl}}.

therapy No excess excess in excess  in excess
excess
Conclusion: Rates of appropriate antimicrobial coverage were identical in LEBA and SCBA. However, in this setting of
moderate MDR prevalence, the use of SCBA would result in a significant reduction of the use of broad-spectrum drugs

and may be a preferential strategy when implementing antibiotic stewardship programs. De Bus et al. Critical Care 2014, 18R152



Cumulative survival rate

1.0 4

0.8
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Empiric Colistin therapy for CRAB

Early Intravenous Colistin Therapy as a Favorable Prognostic Factor for 28-day Mortality
in Patients with CRAB Bacteremia: a Multicenter Propensity Score-Matching Analysis

Clinical characteristics Before propensity score-matching After propensity score-matching
Early colistin Inappropriate early P value Early colistin Inappropriate early P value
therapy (n=76) antibiotics (n =227) therapy (n=45)  antibiotics (n = 45)

Source of bacteremia
Pneumonia 41 (53.9) 102 (44.9) 0.9 26 (57.8) 24 (53.3) 0.83
Catheter-related infection 9 (11.8) 19 (8.4) 0.37 3(6.7) 5(1.7) 0N
Intraabdominal infection 2 (2.6) 13(5.7) 0.37 1(2.2) 1(2.2) > 0.99
Unknown 19 (25.0) 80 (35.2) 0.2 14 (31.1) 13 (28.9) > 0,99

<Prognostic factors of 28-d mortality (after PSM)>
* Vasopressor : OR 8.20 (2.50-26.85), p=0.01
*  Previous CRAB colonization within a month before blood culture : OR 4.75
(1.52-14.81), p=0.01
early colistintherapy - 28-d mortality * Previous Fluoroquinolones at the time of blood culture : OR 3.25 (1.02-10.41),

) p=0.047
61.4% « Early Colistin therapy : OR 0.31 (0.11-0.88), p=0.03
48.7% « AKI during treatment after blood culture : OR 1.24 (0.86-1.80), p=0.27
65.6% <Prognostic factors of 14-d mortality>

Inappropriate early antibiotics

» SOFA score >8 : OR 4.88 (2.41-9.87), p<0.001
*  Vasopressor : OR 3.94 (1.83-8.47), p<001

Log rank 14495 (P0.000) Pneumonia : OR 2.05 (1.05-4.02), p=0.040
« Early Colistin therapy : OR 0.32 (0.15-0.69), p=0.003
0 5 10 15 20 25 30 « AKI during treatment after blood culture : OR 2.31 (1.15-4.63), p=0.020

Survival days

Kim, T., et al. (2019).



Empiric Combination therapy for CRAB

Survival of carbapenem-resistant Acinetobacter baumannii
bacteremia: Colistin monotherapy vs. Colistin plus meropenem

Colistin plus

Colistin meropenem
Patient characteristics (n=40) (n=31) p
Type of infection
807 «-0.036 Pneumonia 15 (37.5) 16 (51.6) 0.33
70 — . CRI 17 (42.5%) 10 (32.3) 0.46
B colistin monotherapy SSTI 4 (10.0) 3(9.7) 1.00
60 m colistin/meropenem 1Al 2 (5.0) I 3.2) 1.00
& 50- uTI 0 (0) I 3:2) 0.43
= 083 PB | (2.5) 0 (0) 1.00
s 40 p=0.835 CNSS infection 1(2.5) 0 (0) 1.00
S |
=

Table 3. Risk factors for 14-day mortality in patients with CRAB bacteremia in multivariate analysis.

Multivariate analysis

Survivors Non-survivors
Pitt bacteremia  pitt bacteremia Characteristics (n=44) (n=27) OR (95% ClI) p
score =4 score <3

Sex, male 22 (50%) 20 (74.1%) 347 (0.79-1521)  0.098
Figure 2. Mortality in the monotherapy and Age, years 65.34+15.70 69.62 + 12.77 1.05 (0.99-1.11) 0.095
combination therapy groups according to Pitt bac- Lung disease 9 (20.5%) |1 (40.7%) .48 (0.33-6.52) 0.604
teremia score. *In patients with Pitt bacteremia DM 20 (45.5%) 7 (25.9%) 0.25 (0.05-1.19) 0.082
score >4 (n=39), 14-day mortality was significantly Cerebrovascular disease 24 (54.5%) 6 (22.2%) 0.37 (0.08-1.76) 0.215
higher in patients that received colistin monother- Pitt bacteremia score 3.25 +2.2) 5.22 £ 2.22 1.63 (1.16-2.30 0.005
apy (66.7%) compared with those that received Type of infection-pneumonia 13 (29.5%) 18 (66.7%) 5.27 (1.11-2487) 0,036
colistin plus meropenem (27.8%) (p=0.036). Combination therapy 23 (523%) 8 (29.6%) 0.15 (0.03-0.65) 0.011

Park, S. Y, et al. (2019)



Empiric Combination therapy for CRAB

Question 22 What Is the Role of Combination Antibiotic Therapy for the \
Treatment of Infections Caused by CRAB?

Suggested Approach

Combination therapy with at least 2 active agents, whenever
possible, is suggested for the treatment of moderate to se-
vere CRAB infections, at least until clinical improvement is
observed, because of the limited clinical data supporting any

single antibiotic agent. A single active agent can be considered
for the treatment of mild CRAB infections. /

Empiric combination therapy (2 or 3 agents) :
High dose ampicillin-sulbactam, minocycline, tigecycline, colistin, extended infusion meropenem, novel drug(cefiderocol)

Tamma, P. D., et al. IDSA (2022)



PK/PD - Prolonged infusion of empiric antibiotics targeting MDROs

" Beta-lactam antibiotics demonstrate a time-dependent effect on bacterial eradication. )

A prolonged infusion may therefore improve microbiologic and clinical cure,
especially for pathogens with high MICs.

\9 Continuous infusion (over the entire dosing interval) OR Extended infusion (over three to four hours) )

Continuous versus Intermittent 3-Lactam Infusion in Severe Sepsis
A Meta-analysis of Individual Patient Data from Randomized Trials

HR, 0.71 (95% CI1 0.51-0.99), P=0.04

1.0
!'qk_x‘_’.*k

e ’*"**x«.u-sg-x.x.k --- Intermittent
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© -== [ntermittent-censored
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Empiric Combination therapy for MDR P. aeruginosa

Question 1: What are preferred antibiotics for the treatment of infections caused by MDR P.

aeruginosa?

Recommendation: When P. aeruginosa isolates test susceptible to traditional non-carbapenem

B-lactam agents (i.e.,| piperacillin-tazobactam, ceftazidime, cefepime, aztreonam)| they are
fluoroquinolones (i.e., ciprofloxacin, levofloxacin),

preferred over carbapenem therapy. For infections caused by P. aeruginosa isolates not

susceptible to any carbapenem agents but susceptible to traditional B-lactams, the

administration of p traditional agent as high-dose extended-infusion therapy|is suggested, after

antibiotic susceptibility testing results are confirmed. For patients with moderate to severe

disease or poor source control with P. aeruginosa isolates resistant to carbapenems but

susceptible to traditional B-lactams, |use of a novel B-lactam agent|that tests susceptible (e.g.,

ceftolozane-tazobactam, ceftazidime-avibactam, imipenem-cilastatin-relebactam) is also a

reasonable treatment option.

Carbapenem < Non-carbapenem beta-lactam < High-dose Non-carbapenem extended-infusion < Novel beta-lactam
(carbapenem resistance, CRPA)

Tamma, P. D, et al. IDSA (2022)



Global threats and burdens of MDRO HAP/VAP

Discovery, research, and development of new antibiotics:
the WHO priority list of antibiotic-resistant bacteria and tuberculosis

Antibiotic-resistant bacteria

Acinetobacter baumannii, CR | | | | 91.0% (5-2%)
Pseudomonas aeruginosa, CR [ | | I [T 81.7% (6:3%)
Escherichia coli, 3GCR [ [ | | | [ 76-5% (8-1%)
Klebsiella spp, 3GCR | | | | [ 76-5% (8-1%)
Klebsiella spp, CR [ | [ [ [ 70:3% (8-5%)
Enterobacter spp, 3GCR | T | | [ 69-0% (7-8%)
Serratia spp, 3GCR | [ | [T 65-2% (8-1%)
Proteus spp, 3GCR | | I | I 59-7% (9-5%)
Enterobacter spp, CR | 1 [ [ 58-7% (10-6%)
Escherichia coli, CR 55-4% (11-0%)
Providencia spp, 3GCR [T 54-8% (9-9%)
Enterococcus faecium, VR_ | | I | [ 54-5% (7-2%)
Staphylococcus aureus, MR | | | | | 52:7% (11:2%)
Citrobacter spp, BGCR_ | [ [ [ 51-7% (10-1%)
Morganella spp, 3GCR [ 45-9% (11-1%)
Helicobacter pylori, ClaR 44-8% (10-1%)
Campylobacter spp, FQ R_ I 41.0% (7-8%)
Salmonella Typhi, FQR | [ [ | [ 37.6% (9-2%) [ Treatability
Neisseria gonorrhoeae, FQR | [ T 71 35.8%(8-9%) [ Mortality
Streptococcus pneumoniae, PNS: [ [T/ I | 33:3% (9-9%) g _I:::r::‘jh;ar;::::;:::
Non-typhoidal salmonella, FQR | | [ | T 30.3% (6-8%) @ Prevalence of resistance
Haemophilus influenzae, AmpR | | | 26-4% (7:1%) [ Transmissibility
oo 368 [T 6. D e
Shigellaspp, FQR [T T TR 25.9% (6-5%) I Pipeline
Staphylococcus aureus, VR [ 0519 (6:7%) [ Preventability in community setting
0 1|D ZID 3I0 4|0 SIO 5ID 7|0 BIO 9ID 160

Final weight (%)

Panel: WHO priority list for research and development of
new antibiotics for antibiotic-resistant bacteria

Multidrug-resistant and extensively-resistant
Mycobacterium tuberculosis®

Other priority bacteria
Priority 1: critical
»  Acinetobacter baumannii, carbapenem resistant
»  Pseudomonas aeruginosa, carbapenem resistant
» Enterobacteriaceae, carbapenem resistant, third-

generation cephalosporin resistant

Priority 2: high

»  Enterococcus faecium, vancomycin resistant

»  Staphylococcus aureus, methicillin resistant, vancomycin
resistant

« Helicobacter pylori, clarithromycin resistant

»  Campylobacter spp, fluoroquinolone resistant

»  Salmonella spp fluoroquinolone resistant

» Neisseria gonorrhoeae, third-generation cephalosporin
resistant, fluoroquinolone resistant

Priority 3: medium

«  Streptococcus pneumoniae, penicillin non-susceptible
»  Haemophilus influenzae, ampicillin resistant

» Shigella spp, fluoroquinolone resistant

Tacconelli, E., et al. (2018)



Novel antibiotics for MDRO HAP/VAP

Enterobacteriaceae P. aeruginosa A. baumannii
OXA-23
AmpC AmpC AmpC OXA-40

ESBL +++ KPC MBL OXA48 +++ FEfflux Porin MBL +++ OXA-58 MBL

Chaibi, K., et al. (2022)
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Empiric Combination therapy for DTP (Difficult to Treat P.aeruginosa)

Non-susceptibility to all of the following:
piperacillin-tazobactam, ceftazidime, cefepime, aztreonam, meropenem, imipenem-cilastatin, ciprofloxacin, and levofloxacin.

Recommendation:

/ Question 4: What are preferred antibiotics for the treatment of infections outside of the \

urinary tract caused by DTR-P. aeruginosa?

Ceftolozane-tazobactam,

relebactam, as monotherapy, are preferred options for the treatment of infections outside of

the urinary tract caused by DTR-P. aeruginosa.

\ Cefiderocol is recommended as an alternative treatment option. /

ceftazidime-avibactam, and imipenem-cilastatin-

[ Question 6: What is the role of combination antibiotic therapy for the treatment of infections \

caused by DTR-P. aeruginosa?

Recommendation: Combination antibiotic therapy is not routinely recommended for infections
caused by DTR-P. aeruginosa if in vitro susceptibility to a first-line antibiotic (i.e., ceftolozane-

\ tazobactam, ceftazidime-avibactam, or imipenem-cilastatin-relebactam) has been confirmed. j

Empiric Novel beta-lactam + Aminoglycosides combination - Definitive continued monotherapy

Tamma, P. D., et al. IDSA (2022)



Empiric algorithm for HAP/VAP in ICU (The Far Future in Korea?)

Suspected nosocomial
pneumonia in the ICU

Zaragoza, R, et al. (2020)
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Rapid diagnosis of bacteria and resistance mechanisms

Potential Impact of Rapid
Multiplex PCR on Antimicrobial
Therapy Guidance for Ventilated
Hospital-Acquired Pneumonia in

Critically Ill Patients, A Prospective Antimicrobial therapy guidance

Observational Clinical and . )
Economic Study by Rapid Multiplex PCR
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FIGURE 1 | Duration of broad-spectrum antimicrobial therapy. (A, B). Numbers of days of (A) broad-spectrum antimicrobial therapy (activity against P. aeruginosa),
and (B) carbapenems with anti-pseudomonas aeruginosa activity in real-life, in the FAPP-based simulated treatment, and the recommendations-based simulated

treatment. FAPP, anArray® Pneumonia plus Panel. ‘p < 0.01, **p < 0.001.
escalation, and yellow for no changes.

Conclusions: Our results suggest that using FAPP in patients with VHAP has the
potential to reduce the use of broad-spectrum antimicrobial therapy without increasing
the risk of microbial treatment failure.

Recommendations
-based treatment

8 Narrow
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46
Broad
Spectrum
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27
—3
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FIGURE 2 | Sankey chart of real-life empirical treatments implemented without FAPP (left column), antimicrobial therapies simulated with the results of FAPP (Middle
column), and antimicrobial therapies simulated by following the actual recommendations (right column). Red lines stand for antibiotic escalation, green for de-



Rapid diagnosis of bacteria and resistance mechanisms

P. jirovecii Acinetobacter spp.

Antimicrobial Resistance C. pneumoniae
enes: C. freundii
arbapenemases- E. cloacae complex

OXA-48 E. coli

OXA-58 H. influenzae

VIM K. aerogenes

IMP K. oxytoca

KPC K. pneumoniae

NDM K. variicola

OXA-23 L. pneumophila

OXA-24/40 M. catarrhalis

M. morganii

M. pneumoniae
Proteus spp.

. aeruginosa

. marcescens

. aureus

. maltophilia

. pneumoniae

Viethicillin resistance-
mec AJC

wmwnwnwn o

Molecular method | IDJAST | Examples Pathogen/Resistance detection Turnaround time Clinical considerations
Real-time PCR + GeneXpert MRSA[SA MRSA, MSSA, mec AJC =2h Prompt differentiation between MRSA
and MSSA
+ BD MAX MRSA XT MRSA, MSSA, mec A/C <
+ GeneXpert Carba-R KPC, NDM, VIM, OXA-48, IMP =2h Prompt identification of carbapenem
resistance genes
Multiplex PCR + BioFire Film Array Viruses: Bacteria: =2h « Comprehensive number of targets.
Adenovirus A. calcoaceticus— * Rapid turnaround.
Coronavirus baumannii complex » Identify presence of bacterial
Human metapneumovirus | E. cloacae complex resistance genes.
Human rhinovirus E. Coli * Semi-quantitative bacterial analysis.
Huma enterovirus H. influenzae = BAL (SENS 96%; SPEC98%).a
Influenza A/B K. aerogenes * Sputum (SENS 96%; SPEC 97%).a
Parainfluenza virus K. oxytoca
syncytial virus | K. pneumoniae group
M. catarrhalis
Proteus spp.
P. aeruginosa
S. marcescens
arbapenemases- S. aureus
KPC S. agalactiae
NDM S. pneumoniae
OXA-48-like S.
VI
IMP C. pneumoniae
ESBL- L. pneumophila
CTX-M M. pneumoniae
+ Curetis Unyvero LRT Panel | Fungi: Bacteria: 4-5h * Comprehensive number of targets.

* Rapid turnaround.

« Identify presence of bacterial
resistance genes.

« Semi-quantitative bacterial analysis.

Renaud, C. and M. H.|Kollef (2022).




Rapid diagnosis of bacteria and resistance mechanisms

Table 2. Advantages and disadvantages of multiplex PCR panels.

Advantages

Disadvantages

Exceptionally faster time to results for pathogen and resistance
profiles: major utility for prompt treatment modification and
effective patient management

Over-detection of microbial and viral genome: problem in
results interpretation: pathogen or coloniser? (may be partially
solved with semi-quantification of bacterial targets)

Multiple targets detection at the same and Detection of viral and
atypical pathogens as well

The presence of a resistance gene marker may not be linked to
the detected microorganism, but to other co-existent organisms
either undetectable or below the detection limit, thus making
culture-based techniques still necessary in many cases

Detection of pathogens even when antimicrobial treatment has
been initiated

Initial cost to buy the equipment

Potential for better antibiotic utilisation and positive impact on:

-nosocomial pneumonia management, shortening hospital stay
and decreasing healthcare costs,
-antibiotic stewardship programs

Not widely available among different institutions yet




Implementation of Rapid Molecular Infectious Disease Diagnostics
: the Role of Diagnostic and Antimicrobial Stewardship

DN NI NI N NI N NN

Sensitivity & Specificity
Predictive values
Laboratory feasibility
Cost

Clinical impact
On-demand or Batched
Run time

Result reporting time

Patient

Clinical
evaluation

Narrow pr Broad

Empiric antilyiotic therapy

Diagnostic
Stewardship

- Right test

« Right patient
- Right time

Rapid
diagnostic
test ordered

Diagnosis &
treatment

Early Appropriate
definite antiljiotic therapy

Antimicrobial v Clinical : el
Stewardship inical practice guidelines
Health Care Ricbe iy Pt - Modifying antimicrobials
Provider LD TRl based on the test result
« Right antimicrobial v Real-time decisi ‘
SR eal-time decision suppor
A
Rapid
Rapid diagnostic diagnostic
test performed result
reported
Microbiology )

laboratory

Messacar, K., et al. (2017)
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Summary (Initial Empiric antibiotics for HAP/VAP)

Recent epidemiologic studies showed increasing MDR GNB pathogen and decreasing MRSA in
Korea.

According to epidemiology, etiologic organism is not different between HAP and VAP
MDR increases IET (Inappropriate empiric therapy) and bad outcomes.
Concerns on the future antibiotic resistance and drug toxicity should be considered.

Routine anti-pseudomonal combination therapy (beta-lactam + FQ) didn't show survival
benefit in our study.

Empirical combination therapy is indicated according to local ecology or surveillance cultures
for the patients with very high risk of mortality.

Development and Distribution of Newer antibiotics for MDRO are needed.
If molecular diagnostics is used in practice, empiric therapy might be more accurate & rapid.

Antimicrobial stewardship should be implemented to the daily practice of pulmonologists and
intensivists to reduce the future resistance and improve patient’'s outcome.



Ideal Empiric therapy
in HAP/VAP?

Clinical Practice Guideline
Host : :
MDR risk factors I\/Iortallty risk

Epidemiology
-National
-Per Hospital
-Per Unit

Colonization

Antibiotic stewardship




