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 ICU 
 Increased length of stay 
 Surgical Wounds 
 Prior infection 
 Antibiotic exposure 
 Invasive devices 
◦ Catheters (iv, urinary) 
◦ Ventilators 

 Colonization 
Transplant patients have many of these risk 

factors 
 





 Surgical Site Infections 
◦ RESITRA liver transplant1 

 21% of infections were E. coli – 47% of these were ESBL 
producers 

◦ Liver transplant in Poland 
 Gram positive predominant with high level 

aminoglycoside resistant Enterococci (24.3% of G+ 
infections) 

 13.3% of Enterobacteriaceae were ESBL2 

 Urinary Tract Infections 
◦ Poland – 52.5 % Renal Transplant GNR UTIs ESBL; 38.5% 

Liver Transplant GNR UTIs ESBL3,4 

◦ Rates of ESBL Enterobacteriaceae 8-77% 5 

 
1Garcia Prado, et al  Transplantation 2008, 2Kawecki, et al. Transplantation Proceedings 2007,  

3Kawecki, Transplantation Proceedings  2011, p 2991, 4Kawecki, Transplantation Proceedings  2011, 3052 
5Van Duin, et al. Am J Transplant 2014;14: 



 Background/Epidemiology 
 Impact of resistance 
◦ Outcomes 

 Sources 
 Identification 
 Management 
◦ Treatment 
◦ Prevention 
 Patient selection 



 Incidence of MDR organisms varies with 
◦ Geography (worldwide, care setting) 
◦ Year 
◦ Organism 
◦ Organ transplanted  
◦ Time pre/post transplant  
 MDR organisms tend to occur earlier post transplant 

 





 Hospital settings 
◦ Especially the ICU 
◦ Outbreaks on specialized units 

 Long term care  
◦ Including ventilator weaning facilities 

 
Community sources may be less common but some 
MDR especially in UTIs in renal transplant recipients 









80 MDR Gram negative isolates from 250 consecutive liver,  
100 consecutive renal recipients from 4/2007-12/2010 



Pre transplant Post Transplant 

#Patients 
(Studies) 

Prevalence 
(95% CI) 

#Patients 
(Studies) 

Prevalence 
 

MRSA  9 (2885) 8.5% 
(3.2–15.8) 

6 (2342) 9.4% 
(3.0–18.5) 

MRSA Liver 
pts 

7 (1350) 11.8% 
(6.8–17.9) 

3 (583) 13% 
(3.0–27.0) 

VRE 8 (1381) 11.9% 
(6.8–18.2) 

8 (1369) 16.2% 
(10.7–22.6) 

VRE Liver 
pts 

N/A 6 (987) 16% 
(8.8–24.7) 





 0.7% (17 pts)of SOT in 3 year period with 
CRKP 
◦ 1.3% liver; 5.4% intestine, 0.4% lung 
◦ Median time to onset of infection 163 days 
 29% (5/17) in 1st 30 days; 47% (8/17) >180 days post 

tx 



 247 allogeneic HSCT patients screened with 
rectal cultures 

 23 of 43 patients with post HSCT blood 
stream infection in 1st 30 days (pre-
engraftment) had VRE 
◦ VRE attributable mortality in 9% with VRE BSI 

 





OR 3.61 (2.01-6.47) OR 2.12 (1.27-3.54) 

• Rectal cultures on admission to ICU 
• Includes both pre and post transplant patients 







Survival (%) 
Organism (# 
patients) 

1 month 3 months 6 months  12 months 

MDR KP (23) 82.6  69.9 47.4 47.4 

CRKP (11) 63.6 45.5 36.4 36.4 

ESBL KP (12) 91.7  83.3 48.6 48.6 

Susceptible KP 
(29) 

96.6  93.1 82.1 77.8 

No KP (84) 90.5 85.7 85.7 83.8 





• 37% A baumanii carbapenem resistant 
• Risk factors for CRAB: prior antibiotics, 
     hemodialysis, central venous access 



 Outcomes 
◦ 18% (3) died rapidly of septic shock 
◦ 24% (4) cured at first presentation 
◦ 60 day mortality 47% (8/17) 
◦ 71% of 30+ day survivors had 
 Persistent bacteremia (2>300 days) 
 Recurrent bacteremia 
 Sources/sites of infection diverse, including intra-

abdominal/surgical site, urinary tract, pneumonia, 
cardiovascular 





 Transplant recipients can be the source of 
MDR organisms in nosocomial outbreaks 
◦ Can occur regardless of whether recipient infected 

pre transplant, from donor, or post transplant 
◦ Survival in environment can lead to spread even 

after patient discharged 
 





 Prior antimicrobial exposure 
 Critical illness 
 Prolonged hospital stay  
 Devices (central lines, urinary catheters, 

endotracheal tubes, VADs) 
 Dialysis 
 Cohorting with other high risk patients 
 Colonization (MRSA, VRE, Acinetobacter) 

 

2 





 Pre-transplant candidate isolates often found 
post transplant 
◦ B cepacia and Pseudomonas isolates found pre 

transplant in lung candidates typically recurs post 
transplant 
◦ High correlation of MRSA colonization with 

infection1,2 

◦ Pre-transplant VRE in SCT and liver transplant often 
found post transplant 3, 4 

 
1 Bert, et al, Liver Transplantation 2005; 11:1093; 2Russell, et al, Am J 

Transplant 2008: 8:1737 ; 3 Ziakas, et al. Am J Transplant 2014;14: 1887;     
4 Ziakas, et al. Am J Transplant 2014;14: 1887-94 

 



Rectal cultures on admission to ICU 
OR 3.61 (2.01-6.47 

McNeil et al reported OR of 13.8 for pre transplant 
colonization and infection (CID 2006;42: 195) 

 





 247 allo HSCT patients screened with rectal 
cultures 
◦ 68 (27.5%) colonized pretransplant 
◦ 13/23 patients (57%) colonized with VRE pre 

transplant developed post transplant infection 
 



13 of 15 MRSA isolates causing post transplant infection were identical  
or nearly so by molecular typing to the pre-transplant isolate 





 Issues similar to non-transplant recipients 
◦ Risk factors similar 
◦ Horizontal transmission plays important role 

 



 Relatively uncommon source of bacterial 
infections post transplant – most reports are 
anecdotal 
◦ MDR pathogens increasingly recognized (especially MDR 

Gram negatives)* 
◦ Donor association with trauma (including abdominal 

trauma), prolonged hospital stay 
◦ Donor derived infections using result in surgical site 

infections most common 
 Includes anastomotic dehiscences and allograft loss 

 
*Wendt, et al. Am J Transplant 2014;14:2633; Giani, et al. J Clin Microbiol 2014;52:2702; 
Altman, et al. Am J Transplant 2014;14:2640; Ariza-Heredia, et al, Transplant Inf Dis 2012; 
14:229; Goldberg, et al 2012;14:296…… 

 



 Early lab identification critical 
◦ Alterations in screening with new CLSI and EUCAST 

criteria for GNR – especially for KPC, ESBL 
 If lab is not using these, specialized testing may be 

required for antimicrobial testing (e.g. Hodge testing, 
etc) 

 Synergy testing (e.g. for MDR Pseudomonas) of limited 
utility 





 Source control critical 
 Choice of antimicrobials 
◦ Consider the site (e.g Tigecycline contraindicated 

for BSI and UTI; Daptomycin for lungs) 
◦ Consider potential for emergence of resistance (e.g. 

cefepime and ESBL) 
◦ Administration considerations 
 Extended infusions for beta lactams to take advantage 

of time dependent killing 



Pathogen Specific testinga Potentially effective antibiotics 

Methicillin-resistant Staphylococcus 
aureus (MRSA) 

Vancomycin MIC <= 1.5     
Vancomycin MIC > 1.5**       
Alternatives 

Vancomycinb 
Linezolidc, Daptomycind, Ceftarolinee 
Quinopristin-dalfopristin, Trimethoprim-
sulfamethoxazole, Clindamycin, 
Tigecyclinef 

Vancomycin-resistant Enterococci (VRE) Ampicillin-susceptible 
Ampicillin-resistant 

Ampicillin 
Linezolid, daptomycin, quinopristin-
dalfopristin, chloramphenicol, fosfomycing, 
nitrofurantoing 

Extended-spectrum β-lactamase 
producers (ESBL) 

Carbapenem-susceptible 
Carbapenem-resistant 

Carbapenems 
Colistin, tigecyclinef, fosfomycing, 
aminoglycosides, chloramphenicol 

Klebsiella pneumoniae- carbapenemase 
producers (KPC) 

Colistin, tigecyclinef, fosfomycing, 
aminoglycosides, chloramphenicol 

Pseudomonas sp. Carbapenem-susceptible 
Carbapenem-resistant 

Carbapenems (not ertapenem) 
Colistin, aminoglycosides 

Burkholderia sp. Trimethoprim-sulfamethoxazoleh 



 Combination therapy 
◦ Convincing data lacking but has been used for 

highly resistant gnr (esp Pseudomonas) 
 Synergistic toxicities 
◦ Drug interactions affecting immunosuppressive 

agents (e.g. rifamycins) 
◦ Increased risk of nephrotoxicity, neurotoxicity (e.g. 

with colistin) 
 
 



Clancy, et al. Am J Transplant 2013; 13:2619-33 



 Screening/surveillance 
 Isolation/barrier precautions 
 Hand hygiene 
 Antimicrobial stewardship 



 Should we screen candidates or donors 
colonized or infected with MDR bacteria? 
 

 If we find these organisms, should the 
candidate or donor be excluded? 



 If so, everyone or just those with defined 
risk factors? 
 e.g. patients with prior antibiotics, ICU, dialysis 

 Screening techniques are imperfect 
 How frequently do you need to screen? 
 What are the optimal methods and sites? 

 Is the cost of screening worth the benefit? 
◦ Post transplant acquisition can also occur and has 

been associated with worse outcomes 
◦ Cost of routine screening in absence of outbreak may 

be prohibitive (Gardam et al, JID 2002) 
 Focus of current research 

 
 



• 30/54 lung transplant  
    candidates with ≥1 pan-resistant  
    organism pre-transplant 
• 6/11 patients who died waiting 
    had pan-resistant  P aeruginosa 
• But the overall  survival of  
    patients was similar regardless  
    of resistance 



 Decolonization – variable results with most 
data for S aureus 
◦ Optimal interventions/medications unknown 
 Some resistance to mupirocin 
 

 Limited transplant specific data for S aureus 
 





Investigators used mupirocin for nasal decolonization  
and chlorhexidine baths in pts with + MRSA screens  



 Difficulties with decolonization 
◦ Timing may not be predictable for all SOT (except 

for live donor transplants) 
 May be better option for HSCT 
 Would have to decide when to start and how long to 

continue 
◦ Optimal interventions/medications? 
 Some resistance to mupirocin 



 Routine donor cultures done at time of 
procurement in donors hospitalized ≥ 72 
hours regardless of signs of infection 
◦ Blood, urine , sputum 

 Results not available until after transplant 
◦ Cannot always predict resistance patterns 

 Clinical isolates during admission should be 
considered however 



 
 Recipients 
◦ Data for most organisms not clear 
 In some/many cases resistance may be a hallmark of more 

severe illness 
 Best data may be for Burkholderia cenocepacia  
 Most centers refusing transplantation to those patients 
 Potentially not all B cenocepacia equal??? 

 What about KPC?  Resistant mycobacteria (e.g. M abscessus), 
etc? 

 Donors 
◦ Insufficient data to answer this question 
◦ Consider antibiotic options prior to accepting organs 
◦ We do not use donors with KPC 

 



 Still in formation 
 Reluctance to make broad recommendations 

due to the life and death nature of 
transplantation 



 Altered prophylaxis 
◦ Consider changing antibiotics for prophylaxis 
◦ Vanco for OLT (Calleja Kempin et al Rev Esp Enferm 

Diag 1993) 
 Altered empiric therapy for febrile illnesses, 

at least early after transplant 
 



Answers 

Questions 
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