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The near future………

Or…

Is there some light at the end of the tunnel?



Plan

• 4 clinical cases to illustrate the clinical significance of multi-drug 
resistant (MDR) Gram-negative bacteria (GNB):

• 2 cases of septic shock in the ICU

• 1 case of chronic osteomyelitis

• 1 case of a pulmonary abscess

• Conclusions



Case n°1: 70 years old male
• Transferred to Erasme hospital from a hospital in Italy (after a 2 weeks 

stay) for a Cerebral hemorrhage due to an arterio-venous malformation
• Unconscious E3VTM4, intubated
• Information on previous bacteria colonization:

Klebsiella pneumoniae: 
Ampicillin R
Amoxi-clav R
Pipera + Tazobactam R
Temocillin R
Cefuroxime R
Cefotaxime R
Ceftazidime R
Cefepime R
Aztreonam R
Imipenem R
Meropenem R
Gentamicin R

Amikacin S
Cotrimoxazole R
Ciprofloxacin R
Minocycline R

In:
• Rectal swab
• Tracheal aspirate
• Urine



Case n°1: 70 years old male
• Upon arrival: septic shock, without an obvious infectious foci

• Catheters are changed,

• Microbiological samples: 
• Urines
• Broncho-tracheal aspirate
• Blood cultures
• catheters
• Rectal swab
• Screening for MRSA

• Empirical antibiotic therapy started:
• Meropenem high dose (HD): 2g x 3/day in 3h + 
• Amikacin: 30 mg/kg + 
• Colistin: 12 MIU loading dose, followed by 3 MIU x 3/day
• Tigecycline HD: 200 mg loading dose, followed by 100 mg x 2/day
• Vancomycin: 45 mg/kg, followed by 30 mg/kg/day in continuous infusion 



Determinants of increased risk of MDR 
infections in the ICU

Timsit JF et al. Intensive Care Med. 2019. 45: 172-189.

But the Positive Predictive Value (PPV) is only 50%!



Mono or combination therapy for MDR GNB?

Systematic review of adult:
• Observational studies
• Randomized controlled trials (RCTs)

Results: 
• Polymyxin mono vs polymyxin/carbapenem: OR of 1.58 (95% CI= 1.03-2.42), 7 observational studies, 537 patients
• Polymyxin mono vs. Tigecycline/ Aminoglycosides or Fosfomycin, overall: OR of 1.57 (95%CI= 1.06-2.32), 10 

observational studies, 1 RCT, 585 patients
• Polymyxin mono vs. Tigecycline/ Aminoglycosides or Fosfomycin for Klebsiella pneumoniae bacteremia: OR of 2.09 (95% 

CI= 1.21-3.6), 7 observational studies, 285 patients

Primary endpoint: mortality



Methods: CPE, MDR or XDR GNB infections
• Primary endpoint: Mortality
• Secondary endpoint: clinical cure
• Databases: OVID MEDLINE, EMBASE, Pubmed, 

The Cochrane Library, Scopus
• Studies included: Published by December 2016

• RCT
• Observational studies

Schmid A et al. Scientific Reports. 2019. 9:15290

Results:
• 53 studies included (< 8847 initially 

identified)
• Pneumonia: 10 studies
• Blood stream: 15 studies
• Osteoarticular: 1 study
• Mixed infections: 27 studies
• Monotherapy: 1848 patients (41%)
• Combination therapy: 2666 patients (59%)

• Studies of Good Quality:
• Case-control studies: 1/6 (17%)
• Cohort studies: 17/45 (38%)

Results:
• Cure rates: no difference
• Mortality:

• No differences in case-control studies or RCTs
• Case-series, cohort studies (n= 45): mortality was 

lower with combination therapy vs monotherapy:
RR: 0.83, CI 0.73-0.93, p= 0.002, I2= 24%

Combination therapy>>>> monotherapy in terms 
of mortality, but quality of evidence is poor!!!



Case n°1: 70 years old male
• The following day: 

• 2 blood cultures/2 positive for Streptococcus sp. 
• Central venous catheter: 5000 colonies of Streptococcus sp

• Clinical evolution: 
• rapid resolution of the septic shock
• acute renal insufficiency

• < septic shock
• < AB: Vancomycin/ Aminoglycosides/ Colistin

• R/ 
• Stop Meropenem/Colistin/Tigecycline/Vancomycin/Amikacin
• Start Ampicillin IV 

Enterococcus fecalis
Ampicillin S

Catheter related infection!

Infos on Kl. Pneumoniae: ESBL + CPE, type KPC



Case n°1: 70 years old male
• Conclusions: Colonization with a very 

resistant pathogen resulted in:

• Carpet bombing for a severe infection due 
to a very susceptible pathogen!

• Increased toxicity: Renal insufficiency due 
to AB toxicity

• Increased costs: +++++

Unnecessary exposure to very large 
spectrum antibiotics!!!



Case n°2: 31 years old female
• Admitted to the ICU because victim of a terrorist attack………   

• Hypovolemic shock 
from extensive 
bleeding

• 2 cardiac arrests: 
cardiorespiratory 
resuscitation 
(2 x 4 minutes)



Case n°2: 31 years old female
• Stabilization of the patient

• Massive transfusions

• Embolisation of bleeding foci

• Abdominal surgery: Laparotomy
• Clamping of the primitive  external Iliaque artery 
• Raphia of the colon & colostomy
• Extraction of a bolt from the pelvis 
• Vaccum assisted closure (VAC) of the abdominal wall

• Orthopedic surgery: 
• Cleaning of the wound + packing
• Multifocal fractures of the left proximal femur => External 

fixator
• VAC of the left proximal femur



Case n°2: 31 years old female                                          
• Day 3: Septic shock due to wound infection of the 

left thigh, despite treatment with Amoxi-clavulanate
• Previous microbiological samples: negative
• Empiric treatment: 

• Piperacillin-tazobactam + 
• Amikacin 30 mg/kg + 
• surgical debridement of the wound

• Other pathogens found in the wound: Polymicrobial 
flora 

• Pseudomonas aeruginosa
• Enterobacter cloacae complexe
• Enterococcus faecium 
• Klebsiella pneumoniae

Antibiotics Klebsiella pneumoniae
S/I/R

Ampicillin R
Amoxicillin-clavulanic acid R
Piperacillin -tazobactam R (MIC > 128 mg/L)  
Temocillin R
Cefuroxime R
Ceftazidime R
Ceftriaxone R
Cefotaxime R
Cefepime R
Aztreonam R
Imipenem I
Meropenem R
Ertapenem R
Gentamicin S
Amikacin I (MIC= 16 mg/L)
Tobramycin R
Cotrimoxazole S
Ciprofloxacin R
Minocycline S

Inappropriate empiric antibiotic therapy!



Inappropriate empiric antibiotic treatment                                          

Retrospective study on 
2154 patients in 

septic shock

Kumar A et al. Crit Care Med. 2006.34(6): 1589-96.



The role of AMR in initial antibiotic treatment 
failure                                          

Ryan K et al. J Infecxtion. 2018. 77: 9-17.

• Retrospective observational 
study on patients with 
healthcare associated 
pneumonia

• July 2013 –June 2014

• Countries: 
• Brazil
• France
• Italy
• Russia
• Spain



Case n°2: 31 years-old F
• She will survive!

Antibiotics Klebsiella pneumoniae
S/I/R MIC (µg/mL)

Ampicillin R
Amoxicillin-clavulanic acid R
Piperacillin -tazobactam R > 128 
Temocillin R = 256 
Cefuroxime R
Ceftazidime R > 64 
Ceftriaxone R
Cefotaxime R > 64 
Cefepime R > 64 
Aztreonam R > 64 
Imipenem I
Meropenem R = 32 
Ertapenem R > 32 
Gentamicin S < 1 
Amikacin I = 16 
Tobramycin R > 8 
Cotrimoxazole S
Ciprofloxacin R = 4 
Minocycline S
Tigecycline S = 0,5 
Chloramphenicol S
Fosfomycin S
Colistin S 0,25 

Optimization of the 
administration of antibiotics 
already available in Belgium: 

Principles of PK/PD

Kl. Pneumoniae: ESBL + CPE, type NDM



Case n°2: 31 years old female

• Treatment (Day 5- Day 70): 
debridement of the wound + high 
dose TDM guided intra-venous 
antibiotic therapy:

• Meropenem: 2g x 3-6/d in 3h,

• Gentamicin: 400 mg/d 

• Tygecycline: 200 mg, 100 mg x 2/d

• Cotrimoxazole: 880 mg x 2/d

• Vancomycin
• Colistin 
• Fosfomycin: 6g x 4/day Day 71-84

Creatinine clearance > 120 mL/min
TDM of Gentamicin at 
• Trough: < 2 mg/L
• 60 minutes: 10-15 mg/L

TDM of Meropenem: 
• Trough: 1 mg/L
• 180 minutes: 54.9 mg/L
• > 32 mg/L for 40% of time

4 x 5 MIU/day of Colistin



Case n°2: 31 years old female

• Days 100- 169:
– Purulent discharge from the 

orifices of the pins
– Fistula 
– No consolidation of the left 

femur

• Day 170:
– change of the external fixator
– extensive debridement
– new microbiological samples:

• Klebsiella pneumonia
• Staphylococcus aureus
• Mycobacterium xenopi

Left hip and thigh (antero-external view)

Chronic osteomyelitis



Antibiotics Kl. pneumoniae 1 (Day 3) Kl. pneumoniae 2 (Day 170) Kl. pneumoniae 3 (Day 170)
S/I/R CMI (µg/mL) S/I/R CMI (µg/mL) S/I/R CMI (µg/mL)

Ampicillin R R R
Amoxicillin-clavulanic acid R R R
Piperacillin -tazobactam R > 128 R > 128 R
Temocillin R = 256 = 256 R
Cefuroxime R R R
Ceftazidime R > 64 R > 64 R
Ceftriaxone R R R
Cefotaxime R > 64 R > 64 R
Cefepime R > 64 R > 64 R
Aztreonam R > 64 R > 64 R
Imipenem I R > 32 R
Meropenem R > 32 R > 32 R
Ertapenem R > 32 R > 32 
Gentamicin S < 1 R > 8 R
Amikacin I = 16 S < 1 I
Tobramycin R > 8 R > 8 
Cotrimoxazole S R R
Ciprofloxacin R = 2 R = 2 R
Minocycline S R R
Tigecycline S = 0,5 I = 2 R
Chloramphenicol S S R
Fosfomycin S R I
Colistin S 0,25 R > 8 R > 256



Case n°2: 31 years old female
It was time to really start thinking out of the box……

In the meantime…. A new antibiotic treatment was initiated: high dose IV 
Meropenem/ Colistin/Oxacillin/Clarithromycin/Rifampicin/Ethambutol



Case n°2: 31 years old female
• DNA or RNA viruses that infect bacteria

• Do not infect human cells! 

• Ubiquitaire: microbiome, environnement

• 2 phases:
• Lytic: cell lysis is obligatory for viral 

replication
• Lysogenic: integrated in the cell’s

genome
(pro-phage state)

• Phages are species, but also often strain
specific cocktails of multiple phages 
are required to target multiple species
and even strains within a species!

• In-vitro studies have shown activity
against biofilms



Case n°2: 31 years old female
• Day 700: phage cocktail received from the Eliava Institute in Georgia

• Day 701: verification of the purity of the phage cocktail at the Queen 
Astrid Military Hospital

• Day 702: Surgery
Large debridement
Rifampicin impregnated autologous bone grafts
Catheter placed in the wound for Phage cocktail therapy

• Day 710-798: New antibiotic combination therapy
STOP Meropenem/Colistin
Ceftazidime-avibactam IV (compassionate use) +
Tigecycline high dose IV (Stop on Day  725 due to Acute pancreatitis (Grade A)+ 
Moxifloxacine IV 

End of surgery: 100 mL of 
Phage cocktail 

(6 x 1010 PFU/ mL) to rinse the wound
+

20 mL x 3/day for 5 days 

February 2018



Case n°2: 31 years old f

• Day 798: 
– 5 kg weight gain
– Consolidation of the left 

femur fracture

• Day 806: removal of external 
fixator!

• Microbiological samples taken 
for culture on day 806 
remained negative for the first 
time! 



Case n°3: 16 years old male
• Transfer from another institution for left upper 

lobectomy for a pulmonary abscess due to a 
Pan-R Pseudomonas aeruginosa

• History: Hemolytic anemia, treated with 
Sirolimus + Methylprednisolone

• Patient admitted 7 weeks earlier for a 
necrotizing pneumonia- no pathogen identified 
upon admission, but 4 weeks after admission, 
Multi-R Pseudomonas aeruginosa identified

• Anti-infective agents received since admission:
• Ceftriaxone
• Meropenem + Vanco + Ambisome IV
• Colistin + Zyvoxid + Tobramycin IV, then aerosols 



Case n°3: 16 years old male
• Last microbiological sample: 2 weeks prior to transfer:

• Treatment upon transfer:
• Colistin IV: 235, 000 UI x 3/day
• Linezolid PO 600 mg x 2/day
• Tobramycin aerosols 160 mg x 2/day

• Re-adaptation of treatment :
• Colistin: 3 MUI x 2/d + TDM
• Piperacillin-tazobactam: 4 g loading dose, then 16 g/d in continuous infusion
• Tobramycin IV 400 mg/d

MIC (mg/L)
Colistin 2
Piperacillin/tazobactam 16
Ceftazidime/avibactam >32
Ceftazidime 48
Meropenem 32
Amikacin 12
Tobramycin S

Serum creatinine: 2.74 mg/dL
Creatinine Clearance (8h urine collect: 30 mL/min) TDM Piperacillin: 172.5 mg/L



Case n°3: 16 years old male

• Retrospective study on 21 patients
• 18 with respiratory infections

• Success rate: 13/21 (71%)
• Emergence of R (de novo mutations): 3/21 (14%)

No mechanisms of resistance 
identified



Case n°3: 16 years old male
• Ceftolozane-tazobactam was 

imported + Fond de Solidarité was 
solicited to pay for treatment

• Re-adaptation of treatment :
• Colistin: 2 MUI x 2/day + TDM
• Meropenem: 2g x 2/day + TDM
• Ceftolozane-tazobactam 1.5 x 3/day

• Stop all AB treatment 5 weeks 
later

Increase in air leaks → need for 
lower lobectomy as well, 4 weeks 
after upper lobectomy



Case n°3: 16 years old male
• 10 days after lower lobectomy: fever + increase 

in inflammatory syndrome <empyema 
• Culture of lung:

• Thoracic drain + Antibiotics for 6 weeks:
• Compassionate use of Cefiderocol +
• Colistin IV + 
• Tobramycin aerosol

Cephalosporine siderophore

• Uses iron pumps to traverse the 

membrane of the GNB → AB arrives 

directly in the cytoplasme to bind to 

« Penicillin-binding proteins » → 

inhibition of bacteria wall synthesis

• Shoengi study: Meropenem + Zyvoxid vs. 

Cefiderocol for VAP due to GNB

• Discharged from the hospital, and is doing 
well, after 

• 5 months of hospitalization
• Left lung pneumectomy  



Conclusions
• These cases illustrate several points concerning resistant GNB:

• Acquisition of MDR GNB is definitely a risk in hospitalized patients. Prior AB treatment ++++++

• Risk for subsequent infections due to MDR GNB is significantly higher for hospitalized patients with 
MDR GNB colonization than in patients without colonization.

• Patients colonized by MDR GNB may nevertheless develop infections due to very susceptible bacteria. 

• Risk of inappropriate empiric antibiotic regimens is greater when there is an infection due to a MDR 
GNB. 

• Health care costs are significantly increased when there are infections due to MDR GNB due to:
• Longer hospitalisations
• Longer treatments
• Use of second to last line antibiotics



:

Conclusions: Infections due to MDR GNB
• Patients are exposed to significant antibiotic pressure because of administration of many 

antibiotics and at high dosage regimens to try to treat the infection

• Patients are at greater risk for adverse events due to antibiotics than patients treated for 
multi-susceptible pathogens:

• Possible hearing loss < aminoglycosides
• Renal tubulopathy  < Colistin 
• Renal insufficiency < Colistin/ Aminoglycosides
• Acute pancreatitis < high dose Tigecycline
• Neutropenia < high dose meropenem

• Despite combination therapy, bugs continue to get more R!!!!

• Increased Paper work ++++++
• Compassionate use programs
• Ethics committee (Phages, Cefiderocol)
• Importation of new antibiotics
• Fonds Spécial de Solidarité (FSS)



Conclusions
• These cases also illustrate the benefit/need to:

• work in a multi-disciplinary fashion
• collaborate
• “think out of the box”: novel therapeutic 

approaches, new antibiotics….

• Outcomes were positive for our patients. However, it is 
impossible to determine if this was due to the:

• Use of phages
• Use of different new antibiotics
• Agressive source control, etc…

• Risk of developing rapid R to these last line drugs is a reality

Efficacy of these novel treatments for 
MDR pathogens will still have to be 

demonstrated!



Conclusions
• Treating infections due to MDR GNB is very challenging!

• Need for individualized treatments: the optimal treatment for one patient with a MDR 
GNB infection may not be the optimal one for another!

• Importance of source control!

• When treating these infections, it is 
important to take into account the:

• patient
• severity of the infection
• site of the infection
• Antibiogram (+ enlarged Antibiogram)
• MIC of the pathogen

Infectious disease specialists + microbiologists (people knowledgeable in this domain) are 
needed to treat these infecƟons in an opƟmal fashion → best outcomes for our patients!



Thank you for 
your attention!

Some light at the end 
of the tunnel? 



PK/PD index for Beta-Lactams

Craig WA et al. Scand J Infect Dis Suppl 1990; 74: 63-70.



Meropenem

Jaruratanasirikul et al. Antimicrob Agents Chemother. 2005. doi: 10.1128/AAC.49.4.1337-1339.2005

1g x 3 IV

1g x 3 in 3h

2g x 3 in 3h

MIC

Taccone and al. Antimicrob Agents Chemother. 2012. doi:10.1128/AAC.06389-11 



Aminoglycosides

• PK/PD index: 
Cmax/MIC > 8-10

• 1 time/day:
– Better efficacy

• High Cmax/MIC
• Post-antibiotic 

effect
– Less Toxicity

Moore, J Infect Dis 1987
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• Clinical response: 8/15 patients
• Discharged from the hospital alive: 5/15 patients
• 100% recuperation of the renal function: 4/5 patients



Colistin
• Bactericidal effect: concentration-dependent 

• PK/PD index = AUC0-24/MIC
• Narrow therapeutic  window:

• Efficacy:  2 mg/L
• Risk of nephrotoxicity:  2,5 mg/L

• If creatinine CL >80 mL/min:
+/- impossible to attain therapeutic serum 
concentrations because CMS is cleared++++ 

Acts as a detergent: 
Perturbs the 

cellular membrane

Creatinine clearance 
(mL/min)

CBA en MUI/jour

0 4
5 à < 30 5

30 à < 40 6
40 à < 50 7
50 à < 60 8
60 à < 80 9
80 à < 90 10

> 90 12 et/ou bi-therapyNation RL, et al. Clin Infect Dis. 2017; 64(5): 565-571 .

Bi-therapy is needed!





Treatment

Tangden J Inter Med 2015; 277: 501-512 

2-3 drugs > 1 drug

Carbapenem (MIC ≤ 8 mg/L) + tigecyclin + colistin



Conclusions
• Although this case report provides

hope for further use of phage
therapy in other patients with
multi-drug resistant infections,
significant hurdles remain before
alternative strategies such as
phage therapy can be widely
adopted into clinical practice

More research and money are urgently needed!

Estimated needed investment of ≥ 1.1 billion €
(committed in the next 3 years + spent within 8 years to truly
initiate a pipeline of translational projects that would develop new 
therapies)

Czaplewski L et al. Lancet Infect Dis 2016; 16: 239-51.



Czaplewski L et al. Lancet Infect Dis. 2016. 16: 239-51.

• Vaccins

• Modulation du 
microbiome

• Bactériophages

• Facteurs anti-virulents



Les β-lactamases





PK/PD index for Beta-Lactams

Time after injection

Cmax
(peak)

Trough

Injection

MIC

Serum
concentrations

-lactams: time dependent
(> MIC during % of time):

fT> CMI Time-kill curves of 
P. aeruginosa with exposure to 

ticarcillin

1 x MIC

4 x MIC

Severe infections: fT > 4 x MIC

Not severe infections: fT > 1 x MIC

Craig WA et al. Scand J Infect Dis Suppl 1990; 74: 63-70.



Mais………… parfois il est impossible 
d’optimiser le traitement

Time-kill curves of 
P. aeruginosa with exposure to 

ticarcillin

1 x CMI

4 x CMI

Craig WA et al. Scand J Infect Dis Suppl 1990; 74: 63-70.

Antibiotiques  Kl. pneumoniae
S/I/R MIC (µg/mL)

Ampicillin R
Amoxicillin-clavulanic acid R
Piperacillin -tazobactam R > 128 
Temocillin R = 256
Cefuroxime R
Ceftazidime R > 64 
Ceftriaxone R
Cefotaxime R > 64 
Cefepime R > 64 
Aztreonam R > 64 
Imipenem R > 32 
Meropenem R > 32 
Ertapenem R > 32 
Gentamicin R > 64
Amikacin R > 128
Tobramycin R > 64
Cotrimoxazole R
Ciprofloxacin R = 2 



Conclusions
• The clinical consequences of infections due to resistant pathogens:

• Carpet bombing empiric therapy for patients colonized with very resistant pathogens
• Inappropriate empiric antibiotic regimens
• Higher mortality 
• Higher morbidity

• Acquisition of MDR GNB are common in hospitalized patients
• Risk for subsequent infection is significantly higher for hospitalized patients 

with initial AMR GNB colonization than patients without colonization
• 9.1-39% of inpatients initially colonized with AMR GNB developed 

subsequent infection during the same hospital stay






