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One of the biggest challenges… 

Children are not small adults 



Nature Chemical Biology, 2007 

Imipenem 

quinolones 

Tigecycline 

New Antibiotics 



Imipenem 

quinolones 

Tigecycline 



Do we know what’s out there? 



Paediatric BSI 

Red Cross Hospital, 
2008-2012 

Lochan, SAMJ, 2013 



Paed bacteraemia TBH (2008-2013) 
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Slide courtesy A Dramowski, TBH. 



Pneumococcal infections 

Age-specific incidence rates for laboratory-confirmed, invasive pneumococcal disease, reported 
to GERMS-SA, South Africa, 2009 through 2012 

GERMS-SA Annual report 2012 



MDR Invasive pneumococcal diseases 

• Associated with 
– Younger age (<1; 2-5) 

– HIV infection 

– Previous antibiotics (incl TB treatment) 

– PCV13 seroypes 

• Not associated with 
– Gender 

– Site of infection 

– Outcome 

Crowther-Gibson AAC 2012; 56: 5088 



Resistance 

For respiratory infections: 
•  Penicillin/amoxicillin still appropriate 
•  High level penicillin resistance (MIC >2) rare – about 5% 
 
For meningitis: 
•  Ceftriaxone empirically 
•  If ceftriaxone MIC >1 – ceftriaxone plus vancomyin; or moxifloxacin plus rifampicin 
 

Reduction thought to be related to reduction in vaccine serotypes 

2010 2011 2012 

Penicillin non-susceptible 42% 34% 28% 

Penicillin non-susceptible 
(<5yrs old) 

61% 44% 35% 

Ceftriaxone non-susceptible 8% 5% 5% 



S. aureus 



Resistance - community 

• 2004 onwards 

• Urine and blood 

• >1 month old patients 

 

Trop Med Int Health, 2011 

Definition of 
community acquired 
not stringent 



Ashley, TMIH, 2011 



Bamford et al, SA J Epi and Infect 2011 

Combined adults and 
children 
Combined community 
and hospital acquired 



MRSA 

• Baragwanath Hosp, Jhb, 2005-2006 

– 39% of CA SAB were MRSA (n=161) 

– Many had been hospitalised in previous year 

– CA defined as pos BC within 48 hrs of admission 

• Red Cross Children’s Hospital, CT, 2007-2011 

– 3% CA SAB were MRSA 

– 72% of nosocomial SAB were MRSA 

– CA defined as pos BC within 48 hrs admission, 
with none of the CDC defined risks for HA MRSA 

 

 

Groome, Paed & Int Child Health, 2012 
Naidoo, PLoS One, 2013 



MRSA outcome and vanc MIC 

Van Hal, CID, 2012 



Van Hal, CID, 2012 



MRSA and vancomycin 

• Increasing numbers of MRSA with vanco MICs 
>1,5ug/ml 

• Need to monitor levels 
– troughs 15-20 ug/ml 

– No need to monitor peak levels 

• Dose 15mg/kg 6 hourly (10mg/kg if renal impairment) 

• Debate about continuous infusion 
– Clinical outcomes similar, but fewer SE, better drug levels 

• Use alternatives esp if vanco MIC>=2 
– Cotrimoxazole, linezolid, clindamycin 

Cataldo. J Antimicrob Chemo 2012; 67: 17  

 



Vancomycin and toxicity 

Effect of concomitant nephrotoxins 
Higher in ICU patients 
Generally reversible 
 
Guidelines on how to adjust dosages lacking 

Van Hal. Antimicrob Agents Chemother 2013; 57: 734 



If not vancomycin, then what? 

• Daptomycin 
– SSI, R sided IE 
– NOT resp tract infection 

• Linezolid 
– Possibly superior to vancomycin for HAP, VAP 
– Good oral bioavailability 
– Clinical cures in 75-93% 
– SE more common with prolonged therapy 

• Don’t forget clindamycin, cotrimoxazole, moxifloxacin 
– Probably better for minor infections, oral therapy 

• SOURCE CONTROL 



Ashley, TMIH, 2011 

Gram negative bacilli 



Bacteraemia data 

Bamford et al, SA J Epi and Infect 2011 

All pos BCs in state sector, adults and children 
No differentiation between CA and HCA 



CA-ESBL 
• Increasing concern in Europe, USA 
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ESBL producing Enterobacteriaceae 

• Carbapenems regarded as best option 

– Ertapenem narrower spectrum 

– Meropenem / imipenem in <3 month olds 

– Meropenem if CNS infection / CNS pathology 

• Beta-lactamase inhibitor combinations 

– Poor quality data, very limited paediatric data 

– May be effective for UTIs 

 



Ertapenem 



What else… 

• Aminoglycosides 

– Mainly for UTI 

• Quinolones, co-trimoxazole 

– Good options for de-escalation if isolate susceptible 

• Fosfomycin 

– High urine concs after single dose 

– Poor serum / renal parenchyma levels – only for 
cystitis 

– IV form not available in SA (yet…) 

 



Bacteraemia data 

Bamford et al, SA J Epi and Infect 2011 
Carbapenems 



Klebsiella pneumoniae 2007 (n=1778)  2010 (n=1914) 

ESBL producers – resistant to all cephalosporins 49% 65% 

Gentamicin resistance 50% 43% 

Fluoroquinolone resistance 28% 37% 

Carbapenem resistance (ertapenem) Not reported 2% 

Data from: 
Bamford. South Afr J Epidemiol Infect 2009; 24: 28-30 
Bamford. South Afr J Epidemiol Infect 2011; 26 (Part II): 243-250 

 

Carbapenem resistance – beyond 
Acinetobacter and Pseudomonas 



Carbapenem resistance 

Antimicrob Agents Chemother, 2011, 55: 4943 

Altered PBP 
– mainly 
Gram 
positives 

Mutation in porins 

Efflux pumps 

Carbapenem 
hydrolysing  
enzymes 



Perovic et al, SAMJ, 2014 



Clinical Significance 

• Not always easy to detect by susceptibilty 
testing – awareness! 

• If present, often limited therapeutic options 

– ?combination therapy / alternative agents 

• Imipenem plus colistin  

• Aztreonam (not hydrolysed by most MBLs) 

• Tigecycline (but P. aeruginosa resistant) 

• Fosfomycin – no IV form locally 

• Carbapenem plus colistin plus tigecycline 



Tigecycline 
• Glycylcycline, related to tetracyclines 
• Broad spectrum Gram pos and Gram neg cover 

– Not active against Pseudomonas 
– Tetracycline derivative – not registered for <8yr olds 

• Response rates  
– 68%-84% (VAP - adults) 
– 75-90% (cSSSI, cIAI, CAP – children 8-11) 

• Emergence of resistance on therapy 
– Large volume of distribution, low serum levels 
– Concern about treating bacteraemia 

• Dose in children ?(1,2mg/kg bd suggested) 

Garnaco-Montero. Cur Opin Infect Dis 2010; 23: 332 
Gordon. JAC 2009; 63: 775 
Purdy. Clin Therap 2012; 34: 496 





Colistin - Efficacy 

• Review of 5 retrospective case series 

– Clinical response 25-61% (>50% in 4/5 studies) 

– One study compared to imipenem – both 57% 

– Superinfection with colistin resistant organisms 
uncommon (3 pts) 

– Clinical response in extrapulm infection seems 
better (72-75%) 

• ?poor lung penetration 



Colistin dosing 

• Peak:MIC and AUC:MIC important predictors 

• More is probably better 

• Loading dose recommended 

• Twice vs thrice daily? 

 



Colistin dosing 

Number Dose Outcome Ref 

29 children / 38 
courses 

5mg/kg/day 
75 000U/kg/day 

79% good outcome Korbuz, PIDJ, 2014 

31 patients / 41 
courses 

5mg/kg/day 68,3% good outcome Konti, Annals Clin Micro 
and Antimicrob, 2013 

27 children / 30 
courses 

5-8mg/kg/day 53,3% improved Dimitriades, Arch Dis Child, 
2014 

50 patients 50 – 75 000 U/kg/day 72% good outcome Kapour, Ped Crit Care Med, 
2013 

79 children / 87 
courses 

5,4mg/kg/day 83,9% good outcome Paksu, Int J Antimicrob 
Agents, 2012 

Survey of clinicians 
No loading dose used 
Commonest dose 2,5mg/kg/BD 
84% used additional antibiotics 



Colistin dosing 

• Loading dose recommended in adults 

– 9mU loading (up to 12mU…) 

– 4,5 mU BD 

• Limited data in children 

– 75 - 85 000 U/kg/dose BD (2.5mg base/kg/dose) 

– Loading dose suggested 160-170 000 U/kg (5mg 
base/kg) 

• No evidence! 

 



Fosfomycin 

• Inhibits cell wall 
synthesis 

• Broad spectrum 
– >95% E. coli susceptible 
– Less so for other GNB 

• Clinical success / cure in 
>90% patients with ESBL 
E. coli UTI 

• Dose in children >5yrs  – 
2g stat 

2 paed RCTs; RR 0.98 (0.92-1.05) Falagas. J Antimicrob Chemo 2010,  65: 1862 



Fosfomycin 

• IV form potential option for serious infections 

• Good in vitro activity against MDR GNB (incl 
Pseudomonas) 

– Best lab testing methodology still unclear 

– Acinetobacter – resistance is common 

• Limited published experience using IV; even 
less in children… 

• Possibly needs to be used in combination 
Michalopolous. Clin Micro Infect 2010; 16: 184 
Pontikis. Int J Antimicrob Agents 2014; 43: 52 
Perdigao-Neto. Antimicrob Agents Chemother 2014 (epub) 



IV Fosfomycin in children 

• Appears safe 

• Limited efficacy studies 

• Dosing in children unclear 

1-12y 1-12 mo 
 

Preterm,  
neonates 0-1mo 

Austria 4-8g;  
2-3x daily 

100-200mg/kg/d (max 400);  
2-3x daily 

100-200mg/kg/d (max 
400); 2-3x daily 

Germany 100-200mg/kg/d (max 300);  
3x daily 

200-250mg/kg/d,  
3x daily 

100mg/kg/d 
2x daily 

Spain  200-400mg/kg/d,  
2-3x daily 

France 100-200mg/kg/d 

Traunmuller. Clin Pharmacokinetics 2011; 50: 493 



• T>MIC important parameter 

 

• Suggest higher dose of 100mg/kg/dose 6 hourly (ie 
total 400mg/kg/day) 

– Need clinical and safety data to back this up… 

Traunmuller. Clin Pharmacokinetics 2011; 50: 493 



Role of carbapenems 

Tumbarello. Clin Infect Dis 2012; 55: 943 

Therapy with tigecycline + meropenem + colistin : 
Mortality OR 0.11 (0.02-0.69) 



Roberts. J Antimicrob Chemother 2009; 64: 142 



So what do I do with my carbapenem resistant  
Klebsiella? 

• Look at available MICs 
– Current criteria may not be best predictors of 

outcome 

– Combination therapy 

 

– Which combination??? 
• Probably include a carbapenem unless MICs very high 

(>16ug/mL) 

• Carbapenem plus colistin plus tigecycline 

• Optimise dosing of carbapenem – extended infusion 

 



Mortality 
Carbapenemase producing 
Klebsiella 

Carbapenem resistant 
Klebsiella 

Tigecyclin - colistin 0-30% 25 & 31% 

Tigecycline - gentamicin 0-50% 

Carbapenem - colistin 0-67% 

Colistin - gentamicin 40-61% 

Carbapenem 9-50% 50% 

Tigecycline 0-53% 73% 

Colistin 33-57% 50% 

Numerous other combinations (fosfomycin, carbapenem, FQ, 
tigecycline, colistin, amikacin, piptazobactam, gentamicin, 
linezolid, vancomycin, doxycycline) 

Falagas. Antimicrob Agents Chemother 2014; 58: 654 



Infections – Acinetobacter… 

Wisplinghoff. CID 2000; 31: 90 

4 year study, multicentre, US, adult and paeds 



and Pseudomonas 

 6 years, multicentre, Canada,, adult and paeds 

Parkins. Infection 2010; 38:25 



Outcome 

• Very variable 
– Colonisation vs infection 

– Different control groups and definitions 

– A. baumannii complex vs A. baumannii 

– Affected by start of appropriate therapy 

• Review of case-control / cohort studies 
– Attributable Mort in hosp – 8-23% 

– Attributable Mort in ICU  - 10-43% 

– Longer LOS in infected / colonised 

Falagas. Crit Care 2006; 10 



Outcome 

Wisplinghoff. CID 2004; 39: 309 



Treatment 

• Colistin 

• Tigecycline (not for P. aeruginosa) 

• Combination therapy 



Retrospective study, 386 patients (adults) 
MDR A. baumannii 
Non TG – all imipenem and sulbactam 
TG – alone or combination 

Lee. Eur J Clin Micro Inf Dis 2013; 32: 1211 

Tigecycline 



Nebulised colistin 

• Retrospective case control 
study 

• 43 pts each arm 

• Not only A. baumannii 

• All cause mortality – also no 
difference 

 

• 12/15 VAP patients on colistin 
only died 

• 1/8 VAP patients on colistin 
plus neb colistin died 

P=0.268 log rank test 

Kofteridis. CID 2010; 51: 1238 

Livermore. Int J Antimicrob Agents 2010; 
35: 19 



• Nebulised colistin may eradicate carriage 

• Need more data - ?infection control 
implications 

Kuo, Clin Micro and Infect. 2012; 18:870 

Naesens, BMC Infec Dis. 2012; 11:317 



Combination therapy 

• Every possible combination seems to have 
been tried for Acinetobacter 

• Colistin / rifampicin seems most popular 

synergy 

Imipenem    
+  

tobramycin 

Colistin        +    
rifampicin 

Ampi-
sulbactam     

+ 
meropenem 

Colistin         
+  

minocycline 

Imipenem    
+    

rifampicin Indifference 
/ 

antagonism 

Imipenem    
+     

amikacin 

Colistin        
+ 

meropenem 

Ampi-
sulbactam     
+ colistin 

Polymyxin B 
+   

tigecycline 

Meropenem 
+   

aztreonam 



Combination therapy - clinical  

Durante-Mangoni. Clin Infect Dis 2013; 57: 349 



Combination therapy - clinical  

   Available clinical evidence doesn’t seem to 
show an advantage of combination therapy 
for Acinetobacter Fishbain. CID 2010; 51: 79 

Garnaco-Montero. Cur Opin Infect Dis 2010; 23: 332 
Karageorgopoulos. Lancet Inf Dis 2008; 8: 751 
Towner. J Hosp Infec 2009; 73:355 
Petrosillo. Clin Micro Infec 2008; 14: 816 

 

Falagas. Int J Antimicrob Agents, 2010; 35: 194 



Combination therapy - Pseudomonas 

• Susceptible isolates – probably limited benefit 
(beta lactam vs beta lactam plus other) 

– Data is limited, studies heterogenous. 

• Resistant isolates 

– Unknown, but combination based on in-vitro 
susceptibility seems appropriate 



Tze-Ping, PLoS One 2011, 12:28177 



So what do I do with my resistant 
Pseudomonas / Acinetobacter? 

• Look at available MICs 
– Try combination therapy, esp for Pseudomonas  

• Options under investigation 
– Phage therapy, immunomodulation, cathelicidins, 

radio-immunotherapy, nanoparticles 
• All early, no human data 

– Few / no new antibiotics 

 

• SOURCE CONTROL 

 
 





The bottom line? 

• Very few new antibiotics appearing on the market 

• Resistance in community acquired pathogens occurs, 
poses some challenges 

• Hospitals may serve as reservoirs of resistant 
organisms for the community 

• Resistance in hospitals becoming unmanageable… 
– Increased morbidity and mortality 

– Longer hospital stays 

– Increased hospital costs 

• Optimal management for many is still unclear 

 



What can we do to prevent this? 
The biggest challenge 

• Antibiotic stewardship 

 

• Infection Control 



Intensified IPC Screening and isolation carriers 



Number of clinical cultures positive for 
carbapenem-resistant gram-negative bacilli 
per 1,000 patient-days per quarter. Arrow, 
start of intervention. 





Better understand 
the burden of AMR 
in children 

More experience / 
evidence to guide 
treatment options 

Practice 
antimicrobial 
stewardship 

Focus on 
infection control 



THE END 
THANK YOU 


