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A continuum of severity describing the host
systemic inflammatory response
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Crude mortality

53-63%




Effect of timing on survival
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De-escalation of empirical therapy is
associated with lower mortality in patients
with severe sepsis and septic shock

? Fig. 1 Mortality rate according
N=628 ICU mortality Hospital mortality Mortality 90 days to therapeutic strategy: a total
cohort and b patients with
adequate empirical
antimicrobial therapy
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Intensive Care Med (2014) 40:32—40






ESCAPE

Enterococcus faecium

Staphylococcus aureus (MRSA)

Clostridium difficile Acknowledges the growing virulence of
C. difficile
Acinetobacter baumannii

Pseudomonas aeruginosa Enterobacteriaceae captures:
K.pneumoniae, Enterobacter spp.,
Enterobacteriaceae and other resistant species

including Escherichia coli and
Proteus spp.

Peterson LR. Clin Infect Dis. 2009;49:992.



; Comparison of Septic Shock Due to Multidrug-Resistant
’Fﬁf‘m& Acinetobacter baumannii or Klebsiella pneumoniae

INFETTIVE Carbapenemase-Producing K. pneumoniae In Intensive Care
T Unit Patlents
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FIG 1 Kaplan-Meier curves for 30-day survival of KPC-Kp or MDR-AB infections. *, P = 0.001. KPCKp,

Klebsiella pneumonige carbapenem-resistant K pneumoniae; MDR-AB, multidrug-resistant Acinetobacter
baumannii.



Bed-side decision

Timing of prescription

Spectrum of causative pathogens

Recognition of risk factors for MDR pathogens

PK/PD considerations




Unexplained mortality differences
between septic shock trials: a systematic
analysis of population characteristics
and control-group mortality rates

Intensive Care Med (2018) 44:311-322
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Pro-inflammatory

Uncontrolled inflammation
Organ failure
Early death

Early inflammation
- y

Oxidative stress

Increased inflammatory cytokine (e.g. TNFa, IL-6) and DAMP release

Vascular defects (e.g. hypotension) and organ failure

Recovery (immune homeostasis)

Anti-inflammatory

<

Onset of sepsis

Early immunosuppression
Lymphocyte apoptosis
«~ Cellular reprogramming
Increased T4 proportion
Elevated MDSC populations

>

Prolonged immunosuppression
Impaired cytokine secretion
Epigenetic modifications
Dysfunctional CD4+ and CD8+ T cells
Cellular reprogramming

Increased T, proportion

Elevated MDSC populations

/ Recurrent sepsis

—* Rehospitalization
Late death

Van der Slikke et al, Ebiomedicines 2020



Frail patient and severe infection

The Innate Immune System

T WBC counts

The Adaptive Immune System

T CD8* T cells

T Neutrophil & monocyte counts T CD8* CD28 T cells

T Monocytic expression of stress- + CD4* / CD8 ratio
responsive inflammatory pathway T CCR5* T cells
genes

Heightened inflammatory state
(TIL 6, TcRP, TWBC)

v
Dysregulation in other
physiologic systems

{ hemoglobin

L IGF-1

\ v

Immune dysfunction in frail older adults

Frailty

13



Complement Endothelium Autophagy Microbiome

- over T Csa production - T selectine, integrine -4 inTcells - | alpha diversity
- 4 neutrophil chemotaxis - L tight junction, glicocalix - NET - 1 dysbiosis
- T macrophages activation - T immune cells diapedesis - mitocondrial function preservation - I immune system modulation
- tymocytes apoptosis and platelet adhesion - harmful in prologed inflammatory - | GALT, gut barrier function
- T NO, endothelin conditions - microbial traslocation
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Hyper-inflammation ’ = Immunosuppression

- PRRs activation
- S avc iva IO. 4 % Monocytes
NF-kB and HIF-1a R T PD-L1 . HLA-DR
nuclear translocation o W d E ’ tol 3
- 1 TNF, IL-1, IL-12, IL-18, SN Lolerance

IFNs, IL-6, IL-8, IFNY, T Lymphocytes

CCL2, CCL3, CXCL10 - T PD-1, IL-10
-ROS | = -4 IL-2

- T apoptosis

Acute liver
injury

Cardiac AKI
impairment

Lazzaro and Russo, 1JMS 2021



Oxidative Stress and Endothelial Dysfunction in
Sepsis and Acute Inflammation

Homeostasis g )/W Sepsis
I = PMN / PBIVIC

Joffre and Hellman, ANTIOXIDANTS & REDOX SIGNALING 2021



Early Infection ulmonary Systemic

Hospitalization

Disease severity

S e ~
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Time since infection

Anti-inflammatories

Immune stimulation

e.g., IL6, IL2, JAK inhibitors

Virus-directed treatments Host-directed treatments

Clearance and inflammatory modulation




CD8* T cell NK cell

©

CD4* T cell B cell

L J F

Lymphopenia
t

IL-2, TNF-a, IFN-y

T cell activation

|

Abnormalities of
granulocytes and monocytes

Eosinophill Bhil l

Increased production of
cytokines

IL-1B, IL-1RA, IL-2, IL-6, IL7,

IL-8, IL-9, IL-10, IL-17, TNF-a,

IFN-y, G-CSF, GM-CSF, IP10,
MCP1, MIP1g, etc. 1

T cell NK cell
exhaustion exhaustion
Lymphocyte dysfunction
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IgG T Total anlibodiesT

Yang, Nature, 2020
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SARS-CoV-2

t Hyaluronic acid synthase
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Acute
Cardiovascular
Events

Bacterial
Invasion
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ANTIBIOTICS
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IMMUNO-MODULATORS

(macrolides, aspirin, statins,
steroids, others)




Combination of Aspirin plus Macrolides in Patients with Severe

Survival Probability
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Van der Slikke et al, Ebiomedicines 2020



Classification of the Gut Microbiota of Patients in Intensive Care
Units During Development of Sepsis and Septic Shock

ICU E1 ICU E2

I Bacteroidales
I Enterobacteriales
I, 54 cteroides L

I 2 rabacteroides : (34.7%)
I P orphyromonadaceae 32
Firmicutes I 0
Enterococcus | o)
Actinobhacteria |GGG
RO I Serum lactate < 2.5 mM (49)
Moraxellaceae |
T

6.0 4.0 2.0 0 2.0 4.0 6.0
D Log,,LDA score

M 'CUE1(47)

M 'CUE2(17)

Liu et al, Genomics Proteomics Bioinformatics 2020



Gut Microbiota in Young Adult Mice Maintains Overall Stability after Sepsis
Compared to Old Adult Mice

i FDR=0.03
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Mankowski et al, Shock 2021



Multidrug-resistant Acinetobacter baumannii infections in COVID-19
patients hospitalized in intensive care unit

Table2 Relative risk* associated or not with MDR-AB infection in
patients affected or not by COVID-19

Variables RR  CI195%  pvalue
Previous hospitalization (90 days) 04 0209 0.031
COPD 03 0109 0.029
. . Table 5 Multivariate analysis about risk factors associated with
Chronic steroid therapy 01 20009 0.041 development of bloodstream infection
Infection at time of ICU admission 01 0004 0.001
Serum lactate levels>2 mmol/] 18 1325 0.001 Y i el e o
cinetobacter baumannii colonization 79 40-15.7 <0.001 l Severe COVID-19 151 37-40.1 <0.001
am niecon L T /= EIALL WBC:> 11,000 mm* 52 21-115 <0001
Steroid therapy 184 7.6-44.1 <0.001 Serum lactate levels>2 mmol/l 27 1.2-64 0.022
1.9-12.1
Table3 Logistic regression analysis about risk factors associated ieroid Lherapy 8 30211
with 30-days mortality
Variables OR CI95% pvalue
Serum lactate levels> 2 mnb’l 4.9 %1-1 1.3 <0.001
Acinetobacter baumannii colonization 17.1 55-53.3 <0.00 ll
o T30 38382 ZO0T
Steroid therapy 469 139-1575 <0.001

Russo et al, Infection 2021



Gut Microbiota Disruption in Septic Shock Patients

Shannon index

Yes MNo [ Yes No | Ys No [ Ys No
Septic shock Enteral nutrition_| Death in hospital | Probioticd use
patients use

Wan et al, Med Sci Monit, 2018



Appropriateness

STEP 1: The best drug

STEP 2: Alone or in combination?

STEP 3: Optimal dosage

STEP 4: De-escalate and stop therapy



Key issues for empirical antibiotic therapy

Site of infection Type of infection

* Lung « Monomicrobial « Community

 Urinary tract  Polymicrobiolial acquired

« Abdomen + Fungal + HC associated

» Bloodstream infection * Nosocomial
infection acquired

Severity of the infection Risk of resistance

Comorbidities , —

* Hematological * Previous antibiotic
patients *+ Age> 70 years therapy

« Unstable * Diabetes « Recent hospitalization
patients * Charlson index>3 « Local epidemiology

« With high * Use of « Indwelling devices
severity score corticosteroids

« COPD

* Renal impairment




Esposizione ottimale agli antibiotici:
PARAMETRI PK/PD

Aminoglicosidi
max (PiCCo) Fluorochinoloni
Linezolid

C.. :MIC Daptomicina " ,
max Tigecyclina dipendenti

Concentrazione

Penicilline

Cefalosporine
AUC:MIC Carbapenem Tempo-

Macrolidi dipendenti

Vancomicina
Clindamicina

g1V, | [ o¢

CONCENTRAZIONE

Cnin (valle)

Tempo

AUC, area under the concentration-time curve;
PAE, post-antibiotic effect..
Rybak MJ. Am J Med. 2006;119:537-544.



Implications of antibiotic PK

Gl dysfunction Tissue hypoperfusion Hepatic dysfunction Renal dysfunction
Dwe;sad ahelilurpﬁun Decreased antibiotic Decreased Decreased Decreased
g Srenaty tissue concentration protein binging | = metabolism of elimination of
anz"j?:aut'?;ﬁd of highly- lipophilic hydrophilic drugs

bound drugs drugs I
UNDERDOSING OVERDOSING

Chest 2011; 139: 1210-1220



Procalcitonin

Procalcitonin (PCT)-guided Antibiotic Treatment

< 0.1 pg/L

Bacterial cause
very unlikely

[ Noantibioticst |
!

PCT control after 6-24 h

Consider antibiotics if

- respiralory or
hemeodynamic instability

- severest comorbidity

- need for ICU admission

0.1-0.25 pg/L

Bacterial cause
unlikely

No antibiotics?

ﬂCT control after 6-24?‘\

Consider antibiotics if

- severe comorbidily

- localised infection
{abscess, empyema)

- localised infeclion
(abscess, empyema)

- compromised host
defense (e.g.
immunosuppression,
neutropenic fever)

- Chronic alo
smouldering infeclion
{endocarditis, Tbc and

\ others)

Muller and Trampuz. Int J Antimicrob Agents 2007; 30 Suppl 1: $16-23

0.26 0.5 pg/l

Bacterial cause
likely

Baclerial cause
very likely

[ Consider antibiotics? ]

[ Consider antibiotics! ]

i

Reevaluation
after 3, 5 and 7 days

PCT measurement
Slop anlibiolics using
the same cut offs

4

Reevaluation
after 3, 5 and 7 days

PCT measurement
Slop anlibiolics using
the same cut offs

If Initial PCT levels are
very high, then

stop when 80-80%
decrease of peak FCT




Procalcitonin-guided ~ Standard-of-care group  Between-group absolute  pvalue

group (n=761) (n=785) difference in means
(95%CI)

Antibiotic consumption (days)

Daily defined doses in first 28 days 75(40t012-8) 93 (5-0t0 16:5) 2:69(1-26t0412) <0-0001

Duration of treatment 50(3:0t09:0) 7:0(4-0t0 11.0) 1.22 (0-65t01.78) <0-0001

Antibiotic-free days in first 28 days 7:0(0-0t014-5) 50(0t013-:0) 1.31(0-52t02-09) 0-0016
Mortality (%)

28-day mortality 149 (19-6%) 196 (25:0%) 54% (12t09:5) 00122

1-year mortality 265 (34-8%) 321 (40-9%) 6:1% (121010.9) 0.0158

erse even

Reinfection 38(5.0) 23(2.9) -21% (-41t0-0-1) 00492

Repeated course of antibiotics 175(23-0) 173 (22:0) -1:0% (-5-1t0 3-2) 0-67

Time (days) between stop and reinstitution of antibiotics 40(2:0t080) 40(2:0t08.0) -0-22 (13110 0-88) 0-96
Costs

Total cumulative costs of antibiotics €150 082 €181263 NA NA

Median cumulative costs antibiotics per patient €107 (51t0 229) €129 (66 t0273) €33:6(2:5t064-8) 0-0006
Length of stay (days)

On the intensive care unit 8:5(50t017-0) 9.0 (4-0t0 17:0) -021(-0-92t0 1.60) 056

In hospital 22.0(13-0t039-3) 22.0(12-0to0 40-0) 039 (-2-69 to 3-46) 077

Data are median (IQR), n (%), or mean (95% Cl). Between-group absolute differences were calculated using the mean values, percentage differences, and 95% Cls.
NA=not applicable.

Lancet Infect Dis 2016; 16:819-27



Serum procalcitonin measurement contribution to the early

diagnosis of candidemia in critically ill patients
Charles E et al Intensive Care Med (2006) 32:1577-1583

800 3 3

logPCT (ng/mL)

bacteremia candidemia



Early diagnosis of candidemia in ICU patients with sepsis: a prospective comparison

of (1° 3)-b-D-glucan assay, Candida score, and colonization index
Posteraro B, Antonelli M, Tumbarello M, ..& Sanguinetti M Crit Care Med, 2012
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0.00 0.25 0.50 075 100 +
Specificity False posltive True poshtive
——=&—— BG ROC area: 0.98 ——&—— Candida score ROC area: 0.80

[ Arerialblood [ | Venous blood

—&—— Colonization index ROC area: 0.63 Reference



Early antibiotic therapy:
the critical balance

Table 1 Rules for management of antibiotic therapy in patients with suspected or proven infection in emergency department

Restrict or avoid early antibiotic therapy, except for sepsis/septic shock and meningitis

Differentiate infection from colonization: request all adequate microbiological samples

Use non-culture-based diagnostics and biomarkers for early detection of infection

Call infectious diseases consultant for challenging clinical cases

Promote early antibiotic treatment only based on risk factors and biomarkers

Get treatment right the first time with appropriate drugs

Provide adequate support of septic shock

Have adequate source control as soon as possible (i.e., catheter removal, appropriate drainage, surgical control)
Check for clinical improvement after 48-72 h: clinical stability, biomarkers, negative follow-up cultures

Stop early useless therapy and check duration of therapy

Russo et al, IAEM 2021



Personalized empiric antibiotic therapy

R
© Real-time access to ICU database and external institutional databases (microbiology lab,
—
_‘g pharmacy, infection control unit) for monthly updating
=
a Antimicrobial use in Resistance rates in Case-mix in my ICU HAIl in my ICU
g my hospital / my ICU my hospital / my ICU Severity indexes (BSI, VAP, others)
= DDD per 1,000 patientdays MIC distribution and Invasive procedures Incidence and pathogen
L] median treatment durations prevalence of MDR for each Los distribution according to
% for each class pathogen — Outbreak? Mortality prior ICU LOS
2
8] Real-time creation of graphs for trends
r-friendly interface, ide a ility (unit or room t mobile devi
User-friendly interface, beds| vailability ( or room computers plus mobile devices)
2 ! Pior
g Risk factors for [ icuLos ] Host-specific issues HAI characteristics
T Immune status Baea :
. ger HIDES or knows Prior antimicrobial ~ PK parameters Severty (sepals, shock)
- 9 G Tiage exposure Antibiotic contra-indications. First microbiological data
5 9 Dats, type of MDRB Date, type, duration and potential interactions Biomarkers (levels, trends)
-ﬁ o
o g Initial decision: start of empirical antibiotic therapy?
L Date, drug(s), dosing and administration schemes
s &
- Source control
o o Microbiological documentation Negativicultures l Performed if indicated? J
b 3
> © i : .
@ QO Opportunity for de-escalation? CHnicel o.ppfortu ity for sy Dosing adaptation
L o antibiotic cessation? Reappraisal of PK parameters / TDM?
i Y ~
= [ Antibiotic cessation (stopping rules) - Justification for treatment extension
~ =
L
Clinical/microbiological resolution and patient outcome
\ )

Timsit et al, ICM 2019



Not the least expensive drug
BUT

The best drug

KNOW YOUR
"MICROBIOLOGICAL" REALITY




How to manage septic shock?

Cover most frequent pathogens

Measure the risk for MDR

Avoid induction/selection of antibiotic resistance
Reduce the systemic inflammatory response to
infection

Reduce complications (i.e. cardiovascular)
Therapeutic drug monitoring

Early switch to oral therapy

Decide the optimal duration of antibiotic therapy



Systemic approach for severe infections

In the era of MDR pathogens an individualized approach to severe
infection is mandatory

Comorbidities, biomarkers and knowledge of genetic factors may
allow transition from generalizing sepsis care bundles to a more
tailored management in individual patients thereby reducing the
risk for adverse treatment outcomes in patients who do not likely
benefit from therapy.

COVID-19 represents a model of systemic severe infection

Autophagy and “precision medicine” are the new frontiers?



Precision Medicine
Phenomics
Genomics

Transcriptomics
Exposomics
Metabolomics
Proteomics
Epigenomics
Microbiomics

Individual
n=1

Population
n = many

40



