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REAL ACADEMIA ESPANOLA

-cida
Del lat. —-cida, de la raiz de caedére 'matar’.

1. elem. compos. Significa 'matador’ o 'exterminador'. Herbicida, insecticida.

estatico, ca

Del lat. mod. staticus, y este del gr. oTTWKOC statikos; la forma f., del lat. mod. statica, y este del gr. oToTLKN
statiké 'arte de pesar'.

1. adj. Perteneciente o relativo a la estatica.

2. adj. Que permanece en un mismo estado, sin mudanza en él.

4. f. Fis. Rama de la mecanica que estudia las leyes del equilibrio.

5. f. Fis. Conjunto de leyes que estudia la estatica.



CMI | Concentracion minima inhibitoria

(ng/mL 6 mg/L)
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Concentracion minima bactericida (CMB)
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[ATB]

CMB/CMI <4 = bactericida

CMB

CMI

[ATB]

CMB/CMI > 4 = bacteriostatico

CMB

CMI

Panley & Sabath. CID 2004
Dickler et al. CID 2018



The Importance of Bactericidal Drugs:
Future Directions in Infectious Disease

Robert W. Finberg,' Robert C. Moellering,” Francis P. Tally,* William A. Craig," George A. Pankey,’
E. Patchen Dellinger,® Michael A. West,” Manjari Joshi,® Peter K. Linden,® Ken V. Rolston,” John C. Rotschafer,"
and Michael J. Rybak™

Table 1. Bactericidal activity of several classes of antimicrobial agents.

Class Mechanism of action Bactericidal activity
[ B-Lactams }nd[glycopeptides] Inhibition of cell wall synthesis  Yes; see text for exceptions [6]
Fluoroquinolones Inhibition of DNA replication Yes [10]
[ Macrolides},[ lincosamides] [straptngramins] Inhibition of protein synthesis Aminoglycosides: yes; others: no; see text for
[chloramphenicol,]and[aminoglycos.ides ] exceptions [6, 9]
[Oxaznlidinnnes] Inhibition of protein synthesis In general, no [14]; may be slowly bactericidal
against Staphylococcus aureus [15]
[Polvmyxins]and[lipopeptides] Cell membrane binding Yes [7, 8]
[Hifamyciﬂa ] Inhibition of DNA-dependent Sometimes [13]
RNA polymerase
[Tetracvclinas] Inhibition of protein synthesis No [12]
[Trimathoprim]and Esulfanamidas] Inhibition of folate synthesis No; see text for exceptions [11]

Finberg et al. CID 2004
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CURRENT STATUS OF THERAPY IN BACTERIAL ENDOCARDITIS

Maxwell Finland, M.D., Boston

mycin-resistant strains that may appear to be some-
what sensitive to them in vitro.

Hunter * has emphasized the importance of deter-
mining the bactericidal concentration of antibiotic
agents individually and in certain combinations.
He has also demonstrated the value of strepto-

Finland et al. JAMA 1958



Busting the Myth of “Static vs Cidal”: A Systemic
Literature Review

Noah Wald-Dickler,"* Paul Holtom,"* and Brad Spellberg'*

Revisan resultados de 56 ensayos clinicos comparando agentes bacteriostaticos contra bactericidas.

Neutropenia
!«!’E‘ acrdlidos

Linezolid Glucopépt.
(Vancomicina)

Cloranfenico

CIindam(

Doxiciclina

F. tifoidea

Tigeciclina Beta-lactamicos

Everaciclina
Inf. Intrabd.

Dickler et al. CID 2018



Busting the Myth of “Static vs Cidal”: A Systemic

Literature Review

Noah Wald-Dickler.'? Paul Holtom,"? and Brad Spellberg'?

* 49 ensayos (81%) no encuentran diferencia en el endpoint primario = bactericida = bacteriostatico.

* 5 ensayos (9%) hay mejor actividad del ATB bacteriostatico = bactericida < bacteriostatico

Itani et al, Phase 4, open-label, Complicated S5TI Linezolid Vancomycin Linezolid [static) superior.
2010 [5] multicenter
Sharpe et al, Open-label, single center MRBSA complicated 55TI . Linezolid . Vancomycin . Linezolid [static] superior.
2005 [45]
Lin et af, 2008 | Double-blind, multicenter Gram-positive infections Linezolid Vancomycin Linezolid [static] superior.
[49] [nrosocomial pneumonia or

comiplicated 55T}
5San Pedro et Open-label, multicenter Pnieumiococcal pneumonia Linezolid Ceftriaxone/ Linezolid (static) superior.
al, 2002 [52] cefpedoxime
Wunderink et | Double-blind, multicenter MRSA preumonia Linezaolid Vanconmycin Linezolid [static) superior.
al, 2012 [47]

Dickler et al. CID 2018




Busting the Myth of “Static vs Cidal”: A Systemic
Literature Review

Noah Wald-Dickler.'? Paul Holtom,"? and Brad Spellberg'?

Comparison of tigecycline with imipenem/cilastatin for the treatment
of hospital-acquired pncumoniaﬁ

Antonio T. Freire®, Vasyl Melnykb, Min Ja Kim®, Oleksiy Datsenko?, Oleksandr Dzyublik®,
Felix Glumcher', Yin-Ching Chuang®, Robert T. Maroko”, Gary Dukart”, C. Angel Cooper”,
Joan M. Korth-Bradley”, Nathalie Dartois"*, Hassan Gandjini'
for the 311 Study Group

Clinical response at TOC

1 ensayo (2%) hay mejor actividad del ATB
bactericida = bactericida > bacteriostatico

Tigeciclina: carga 100 mg, seguido de 50 mg/12h

CE population

Clinical response Tigecycline (n = 268)

Imipenem/cilastatin (n = 243)

Abzolite difference (95% CI) Test for nonmferionty

P
Cure 182 (67.9) 190 (78.2) —10.4(—17.8 to —3.0) 0.120
Failure 86 (32.1) 53(21.8)

Randomized Phase 2 Trial To Evaluate the Clinical Efficacy of Two

High-Dosage Tigecycline Regimens versus Imipenem-Cilastatin for
Treatment of Hospital-Acquired Pneumonia

Jullo Ramirez,® Nathalie Dartols,? Hassan Gandjlnl,h* Jean Li Yan,” Joan Korth-Bradley,” Paul C. McGovern®

Tigeciclina:
* carga 150 mg, seguido de 75 mg/12h
* (Carga 200 mg, seguido de 100 mg/12h

Cure rate, %

cmrril TT Fapulation

100 Phase 3 HATP study Phase 2 HAP study
&0 -
I
—_— R _
il - I -1
40 4 - -
20 -
. n=440 | 1 =429 n=136 =34 Freire et al. DMID 2010
T T T T T .
TGC  IMLCIL TGC TGC IMICIL Ramirez et al. AAC 2013
50 mg Timg 100 mg

Dickler et al. CID 2018



Bacteriostatic versus bactericidal antibiotics for patients with serious
bacterial infections: systematic review and meta-analysis

Johannes Nemeth*t, Gabriela Oesch?t and Stefan P. Kusterlt

Metanalisis de 33 RCT

Total (35% CI) 4H50 4717 100.0%

Taotal evenis 62 3753

Halarogamaily: Taw® = 0.00; Ch® = 4183, df = 32 (P = 0.11), 1P = 24%
Test for overall effect: £ = 1.00 (P =0.32)

Tast for subgrown diffarencas: Chi* = 7,34, df =3 (P = 0.068), P = 55.1%

Total (95% CI) Eh4s G550 100.0°%

Total evants 208 255

Hederogeneily: Tau® = 0.00; Ch® = 16.85, df = 24 [P = 0BG 7 = 0%
lest for ovarall effect £ = 1.07 (P =0.28)

Tesl Tor subgrovp Sflemnces: Chi* = 4,66, df =3 [P = 0.21), 1 = 34.2%

0,59 [0.97, 1.01]

0.91 [0.76, 1.08]

Clinical cure

Favaurs baclancidal

Favows baclenagialic

I | 1 | |
0.5 . 1 1.5 £
Favours bactariostatic  Favours bactaricidal
Mortality
L [ 1 [ ]
1 ] 1 ] 1
0.1 0.1 1 10 100

Nemeth et al. JAC 2015



Limitaciones de la CMI y la CMB - Limitaciones de la definicion de antibidtico bactericida.
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Condiciones de laboratorio muy precisas
Temperatura 35-37°C
pH especifico = 7,2
Medicién a las 18-24h
Indculo estandar 5-10° ufc/mL
Medio de cultivo especifico, [CO,] especifica
Fase de crecimiento exponencial

. Arbitrariedad en las definiciones
Arbitrariedad en la definicién de CMB (99.9%?7?)
Arbitrariedad en la definicion de bactericida: CMI/CMB <4

Los ATB bacteriostaticos también eliminan bacterias — aumentar
dosis hasta CMB

Levinson. Inf Dis North Am 1995
Pankey & Sabath. CID 2004
Dickler et al. CID 2018



iii. Inconsistencia de la definicion :
EFFECT OF GRADED CONCENTRATIONS OF ERYTHROMYCIN

—

e Variabilidad de conducta en funcidon del

microorganismo: 8- NO ANTIBIOTIC -
* Penicilina es estatica frente a
Enterococcus spp. L
* Los macrélidos son bactericidas frente a
.-.

estreptococos (S. pyogenes, S. /o2 1ML,

pneumoniae)

STAPHYLOCOCCUS 194

Observations on Mode of Action of Erythromycin.* (19817)

TaoMmas H. HAIGHT AND MAXWELL FINLAND.

From the Thorndike Memorigl Laboratory, Second and Fourth Medical Services (Harvard),
Boston City Hospital and the Department of Medicine, Harvard Medical School, Boston, Mass.

LOG OF MUMBER OF ORGANISMS PER ML.

12.5 T/ML.

1 T ] I 1 1 1 [T 1 T L] T T T T T T -
0 4 B 12 16§ 20 24 36 43 60 T2
HOURS OF INCUBATION

Haight & Finland. Proc Soc Exp Biol Med 1952



iv. Traslacion al mundo in vivo — importancia del sistema inmune
P [ATB] > MBC en el lugar de la inf.

MBC > [ATB] > MIC en el lugar de la inf.

MIC > [ATB] en el lugar de la inf, pero
e i ] A B / persisten los efectos del ATB
Antibiotic —_ D
Concentration 100 - Serum ““\ N
(ug/ml) N Site of Infection MBC recrecimiento
>

0 o~ MIC
Bacterial Count \‘_‘_ PAE—e-~"
at the Site
of Infection

P ——— e — )
t Dose t
TIME

Bush & Levinson. Crit Care Clin 1988
Levinson. Inf Dis North Am 1995



iii. Importancia del inéculo o _ o
Efecto indculo: incremento de la MIC al usar indculos > 5-10° ufc/mL

Table 2. Summary of inoculum effect of various antibiotics against common Enterobacteriaceae and Pseudamonas

@eruginosa.

Escherichia Klehsiella Serratia Pseudomonas Saimonefla
Antibiotic ol pREwmoniae MArCcescens JEriginosa tvphi
Moxalactam + + + ND ND
Cefotaxime + t b I [
Ceftizoxime t + t | v
Cefoperazone + + + + -
Ceftazidime + + t + -
Cefoxitin + + - - -
Cefotetan — - + ND ND
AZtreonam + + MND + +
Azlocillin ND N ND + ND
Chloramphenicol + - N - -
Carbenicillin - MDD NI - MND
Piperacillin NI ND + + ND
Ticarcilim ND ND ND - ML
Imipenem - - - — +
Kanamycin + N N = ND
Gentamicin + - ND + -
Ciprofloxacin® - ND
Morfloxacin® — ND
Tetracycline - ND ND N NI

Brook. Rev Inf Dis 1989



Motivos que justifican el efecto indculo

* Mecanicismo — hay que repartir las moléculas de
ATB entre mayor numero de bacterias /dianas

 Emergencia de mutantes resistentes
e Consumo nutrientes — cambio metabdlico

 Ralentizacion de la tasa de crecimiento — menor
expresion de dianas (PBPs)

 Formacién de micro-agregados — cambio
metabdlico

 Mayor densidad de enzimas hidroliticas (ej. beta-
lactamasas)

Brook. Rev Inf Dis 1989
Bardouniotis, et al. Curr Microb, 2003
Lenhard & Bulman. JAC 2019



iv. Importancia de la fase metabdlica del microorganismo
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THE SLOW RECOVERY OF BACTERIA FROM THE TOXIC
EFFECTS OF PENICILLIN

HARRY EAGLE anp ARLYNE D. MUSSELMAN

PENICILLIN-TREATED
BACTERIA  wmy

CONTROL,
NO PENICILLIN

REPLACED AT 37 C
WITH PENICILLINA

€= STORAGE AT 3 C =P

] | | l l | l I

0 1 2 3 4 S 6 T

TIME IN HOURS

Eagle & Musselman. J Bacteriol 1948
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Rowan et al. Microb Cell 2016
Yang et al . Curr Opin Microbiol 2017



iv-bis. Importancia de la fase metabdlica del microorganismo — el biofilm
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MIC (pg/ml) MBEC (pg/ml)
Antibiotic r - o

NCCLS Assay with u .

sy’ CBD* Agso 0 CFUlpeg’
Cefazolin (.5 0.5 =1,024 =1,024
Ciprofloxacin 0.25 0.5 512 512
Clindamycin 0.12 0.25 128 256
Gentamicin (.5 0.5 2 2
Oxacillin 0.12 0.25 =1,024 =1,024
Penicillin | 4
Vancomycin | 1 =1,024 =>1,024

Ceri et al. J Clin Microbiol 1999



A log UFC/cm?

Strain-to-strain variability among Staphylococcus aureus causing
prosthetic joint infection drives heterogeneity in response
to levofloxacin and rifampicin

Maria ﬁ;ngeles Meléndez-Carmona (® !, Mikel Manchefo-Losa (% 2*, Albert Ruiz-Sorribas?, Irene Munoz-Gallego 1
Esther Viedma®, Fernando Chaves?, Francoise Van Bambeke (3 * and Jaime Lora-Tamayo 3 **

Levofloxacino

CMEB (mg/L)

Rifampicina
D=y | R
Spearman rho: 0.03; 95% IC-06a 0.6 Spearman rho: -0.01; 95% IC -0.6 a 0.6
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Meléndez-Carmona et al. JAC 2022
Lora-Tamayo & Meléndez-Carmona. EIMC 2022
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Brauner et al. Nat Rev Microbiol 2016



Importancia de la exposicidn real al antibiotico — Importancia del PK

* Concentracion sérica libre (fraccién no unida a proteinas)

e Superficie capilar
* Elevada en tejidos irrigados (pulmon, rifidn...)
e Baja en un absceso

* Permeabilidad vascular (barrera hemato-encefalica — SNC/ojo)

* Permeabilidad tisular — permeabilidad de la membrana y carriers
e Acumulacién intracelular

e Condiciones fisico-quimicas del tejido (indices pKa)

* Hidrosolubilidad / liposolubilidad de la molécula

Levinson. Inf Dis North Am 1995



* Aprox. 30-60 min tras infusidon de ATB (=C__,)

.‘ ! * Antes de la infusion de la sig. dosis (=C ;)

Indculo estandar S-sssssmEsssmsssssssoooo_L

Serum Bactericidal Activity

- == —— -
~ . ~ - e - -

\% Y v vV vV v
Suero del paciente e k= - - k= k= = =
o S S S o o S ey

Titulo de dilucion 1/16 1/32 1/64  1/128

SO OO0
000000

Poder bactericida = ultima dilucion capaz de eliminar el 99.9% del indculo administrado

Sculier & Klastersky. Am J Med 1984



Significance of Serum Bactericidal Activity in
Gram-Negative Bacillary Bacteremia in
Patients with and without Granulocytopenia

TABLE Il Relation between Granulocytosis, Peak
Serum Bactericidal Activity, and Clinical

Outcome
Serum ) ~ Granulocyte Counl
Bactericidal <100/mm? T >1,000/mm®
Titer Success Failure SuCCess Failure
3 N )
<1:2 1 2 — 1
1:2 — 1 — —
1:4 — = — 3
1:8 — .l 5 _—
1:16 5 1 5 —
1:32 2 1 7 —
1:64 1 1 2 —
=1:128 12 — 25 1
Total 21 9 44 5

Sculier & Klastersky. Am J Med 1984



Management of Ventriculoperitoneal Shunt Infections
in Adults: Analysis of Risk Factors Associated With
Treatment Failure

lvan Pelegrin,' Jaime Lora-Tamayo," Joan Gomez-Junyent,' Nuria Sabé,' Dolors Garcia-Somoza,’ Andreu Gabarros,* Javier Ariza,'

Pedro Fernandez Viladrich,' and Carmen Cabellos’

108 episodios de inf. Shunt en pacientes adultos entre 1980y 2014

é¢Necesitamos ATB
bactericidas en SNC?

Mala experiencia en la asociacion de
tetraciclinas o cloranfenicol a los
beta-lactamicos en meningitis

Ampicilina es bacteriostatico frente a
Listeria monocytogenes, pero
demuestra aclarar LCR en modelos
animales

e ¢asociacion con gentamicina?

e ¢uso de cotrimoxazol?

Finberg et al. CID 2004
Pelegrin et al. CID 2017



¢Necesitamos antibioticos bactericidas en endocarditis infecciosa?

* Analisis de reports de uso de LNZ en endocarditis

Linezolid for the treatment of patients with endocarditis: « N =56, evaluable = 33 (MRSA, MRSE, otros GP, valv
a systematic review of the published evidence ] , . ’ ’ ’ '
nativas y protésicas)

Matthew E. Falagas'~*, Katerina G. Manta', Fotinie Ntziora' and Konstantinos Z. Vardakas' e Tasa global de curacion 64%

Linezolid for endocarditis: a case

series of 14 patients * N=14 casos, serie heterogénea, uso mayoritario como rescate

* Tasa global de curacion 88%

Carlo Tascinil*, Maria Grazia Bongiorni?, Roberta Dorial, ; o
Marina Polidoril, Riccardo Iapoce?!, Serena Fondelli, * MRSA, valvulas protésicas...
Enrico Tagliaferril, Ezio Soldati?, Antonello Di Paolo3, e Pacientes no operables...

Alessandro Leonildi! and Francesco Menichettil

Falagas et al. JAC 2006
Tascini et al. JAC 2011



é¢Necesitamos antibioticos bactericidas en pacientes neutropénicos?

Efficacy and Safety of Linezolid Compared
with Vancomycin in a Randomized, Double-Blind
Study of Febrile Neutropenic Patients with Cancer

Branimir Jaksic,' Giovanni Martinelli? Jaime Perez-Oteyza,® Charlotte S. Hartman,* Linda B. Leonard,*
and Kenneth J. Tack*

— R

o T
Patients enrolled and
randomized
{m=611)

Table 3. Clinical outcome at 7 days after the completion of therapy (i.e., at the test of cure

assessment).

Population, presentation

No. of successes/no. of
patients assessed (%)

Linezolid group

Vancomycin group

95% Cl % PF

Linezolid, 600 mg every 12 hours (n = 306)

Vancomycin, 1 g every 12 hours (n= 305)

l Raciived shudy drug

l Recened siudy drug

ITT {n = 304)
Chnical cafoormss (0= 251)
M aie capliaprs” (o= 1Y

ITT {r = 301)
Cindoa | purooemis (n = 727}
Pisaing caplcspea |n = 4]

Modified ITT
(n=78)

Muzriksiabing & apliximd [ = 3}
Misging Dasiraosres [ = 16}

Clinically evaluable
{rn = 206}

Climkzal oaioome (7= 185)
Kipsmng culcore {n= 21)

Fathogen isolated l Evaluabls”

Pathogen Isolabsd Evaluable
¥ Y
Modified ITT Clinically evaluakle
(= 66) {n=197)

Clnmzad codéinmg = 177
Wi ssing outoome (o B 2

Wi ri ok iGam (4 = B0
s sdray oo (5 = 18)

Ea,___-"‘fﬁ Pathogen

isolated
h

Microbiclogically
avaluable (n= 51}

Mirmhninge cuicas (n= 4]
Wikasing oubosmia (0 = 4)

Pathagen
isolatad
Microbiologically

evaluable (n =43}

Flizepkiobogis niasmes (= 37}
IEsing oulcome {n = Gy

ITT 219/251 (87.3) 202/237 (85.2) —4.1to 8.1 b2 ]
PrTTary Taigrancy
Leukarmia 119/143 183.2) 111/138 (80.4) -62t0 118 5
Lymphoma 63/71 (88.7) 66/62 (90.3) —-12.0t0 8.8 a7
Myeloma 24/24 (100) 23/24 (95.8) -38t0122 31
Turnor 11/11 1100 1112 191.7) -73to240 33
Other 2/2 1100) 1/1 (100.0) Mot calculable
Type of infection
Fever of uncertain ongin 72/78 (92.3) 66/74 (89.2) -6.1t0123 51
Bacteramia of unknown source 5372 (81.9) 53/67 (79.1) -103t0 160 &7
Vascular catheter—related infection 23/27 (85.2) 24/28 (85.7) -19.2t0 181 96
Skin and soft-tissue infection 19/21 190.5) 14/17 182 4) -139t0302 46
Prieumonia 19/23 (82 .6 1315 (86.7) 27210191 74
Urinary tract infection 2/2 1100} 2/3 166.7) -200t0 867 .36
Other 25/28 (89.3) 30/33 (90.9) —-16.7t0 135 383
[l"u'II'IT 55/63 (87.3) 43/50 (86.0 -114t0140 B84
Chinically evaluable 171/185 (92 .4 168177 189.3) —-2.8 10 9.1 30
Microbiologically evaluable 41/47 (87.2) 32/37 (86.5) -138t0 153 92

Jaksic et al. CID 2006



REFLEXIONES FINALES

* La definicion de antibiotico bactericida o bacteriostatico tiene limitaciones significativas
* Las condiciones de realizacion de CMI y CMB pueden ser muy distintas a la realidad
clinica
* Los antibioticos bacteriostaticos si eliminan bacterias — cuestion de dosis y
concentracion

e Con frecuencia, esta distincion no tiene una traduccion clinica significativa

* Es probable que la eficacia de los antibioticos (PD) tenga mas que ver con aspectos
farmacocinéticos (PK)
* Concentraciones reales y activas de los antibidticos en tejidos
 Concentraciones intracelulares
e Actividad intrinseca del antimicrobiano
» ¢Papel del poder bactericida del suero / LCR / otros?



muchas gracias

jaime@Ilora-tamayo.es



