
Carbapenem resistance in donors and 
recipients of organ transplants: consequences 

for patients and healthcare personnel

Maristela Pinheiro Freire PhD

Universidade de São Paulo



BacterialInfectionamongsolidorganrecipients

Advances in immunosuppressor therapy +  surgical techniques + intensive 
care support + prevention of cardiovascular events

Infections are the most common complications after SOT

Bacterial Infection occurs in the early period after SOT and are commonly 
relate to healthcare assistance

Carbapenem resistance in donors and recipients of organ transplants

FischmanJA. AmJ Transpl2017



Infection by Multidrug resistance bacteria after SOT

ÅSOT is a risk factor for the majority of MDR bacteria infection and 

acquisition

ÅFrequently associated to outbreaks

ÅIncidence ς10 to 48% of SOT recipients

ÅLarge variability according to epidemiological characteristic of 

institutions

Carbapenem resistance in donors and recipients of organ transplants

MacesicN et al. Clin Infect Dis. 2018
Santoro-Lopes G et al. World J Gastroenterol. 2014

AguadoJM. TransplantRev(Orlando). 2017
Bartoletti M et al. InfectDisClinN Am. 2018

Liu P et al. MicrobDrugResist2017



ÅThree ways for a receptor to acquire MDR bacteria:

Carbapenem-resistant Gram negative Infection after Solid Organ 
Transplantation (SOT)

Graft

Before 
Transplant 

After
Transplant

Carbapenem resistance in donors and recipients of organ transplants



ÅBacterial DDI has been described since the 70s

ÅIncidence ς1.7%

ÅInfection commonly occurs in the graft and sometimes can cause graft 
vessels aneurism 

ÅSafety use of graft from an infected donor:
ÅTreatment of donor (> 48 hours)

ÅNo evidence of infection in the graft

ÅNegative cultures at the harvest

ÅTreatment of recipients for 7 to 14 days

Bacterial Transmission by Graft - Donor-Derived Infections

Carbapenem resistance GNB in donors

Caballero F et al. Transplantation, 2012
Caballero F et al. AmJ Transpl, 2005

SatoiS et al. Transplantation2001
Lopez Natividad A  et al. Transplantation1997

LumbrerasC et al.  ClinInfect Dis, 2001



Unrecognized Donor Bacterial Infection and Risk of Transmission

ÅDonors with positive cultures

ÅBlood : 4 to 20%

ÅUrine: 3 to 7%

ÅPreservation fluid: 12 to 49%

ÅAll cultures: 9 to 48%

ÅHigh rate of contaminated cultures - 48% to 58.6%

ÅRate of transmission varies between 0 and 11%:

ÅAbility to identify donor infection

ÅCompliance in measures for safety  donor usage 

ÅRecipient routine treatment

ÅNo impact in patient and graft survival

Freeman RB et al. Transplantation, 1999
LumbrerasC et al.  ClinInfect Dis, 2001

AngelisM et al. Liver Transpl, 2003
CeruttiE et al . Liver Transpl, 2006

Len O et al. Am J Transpl, 2008
ZibariGB et al. ClinTransplantation, 2000

Oriol I et al. TransplantRev, 2018

Carbapenem resistance GNB in donors



Case Study. DonoŕsHistory

Å26-year-old, female, motorcycle accident ς

hepatic laceration.

ÅSubmitted to exploratory laparotomy at 

admission for hemorrhage control ς

ceftriaxone + metronidazole

ÅD5 ςBrain death

ÅAfebrile during all hospital stay

ÅD7 ςDonation

ÅHMC at harvest ςCR K. pneumoniae

Carbapenem resistance GNB in donors

Å56-year-old, female, admitted to hospital for LT

ÅAntibiotic prophylaxis ςAmpicillin + 

Cefotaxime

ÅPO2 ςprimary graft dysfunction

ÅPO4 ςseptic shock + information about donor 

positive blood culture                       meropenem 

+ colistin + amikacin

ÅPO4 to PO10 - Positive blood and peritoneal 

cultures for CR-K. pneumoniae 



1 ïKlebsiella pneumoniae

ANTIBIOGRAM 1

AMIKACIN 16 S

AMPICILLIN >=32 R

CEFEPIME >=64 R

CEFOXITIN >=64 R

CEFTAZIDIME >=64 R

CEFTRIAXONE >=64 R

CEFUROXIME >=64 R

CIPROFLOXACIN >=4 R

COLISTIN <=0,5 S

ERTAPENEM >=8 R

ESBL Neg N

GENTAMICIN <=1 S

IMIPENEM 8 R

MEROPENEM >=16 R

PIPERACILLIN/TAZOBACTAM >=128 R

TIGECYCLINE >=8 R

ANAEROBIC CULTURE - BLOOD 
Collected: 03/02/2017 13:00

1 ïKlebsiella pneumoniae

ANTIBIOGRAM 1

AMIKACIN 16 S

AMPICILLIN >=32 R

CEFEPIME >=64 R

CEFOXITIN >=64 R

CEFTAZIDIME >=64 R

CEFTRIAXONE >=64 R

CEFUROXIME >=64 R

CIPROFLOXACIN >=4 R

COLISTIN <=0,5 S

ERTAPENEM >=8 R

ESBL Neg N

GENTAMICIN <=1 S

IMIPENEM 4 R

MEROPENEM >=16 R

PIPERACILLIN/TAZOBACTAM >=128 R

TIGECYCLINE >=8 R

AEROBIC CULTURE - BLOOD   
Collected : 08/02/2017 18:10

DONOR RECIPIENT

Case Study.  Cultures

Carbapenem resistance GNB in donors

Receptor CT Scan



ÅPO10 ςre-transplantation

ÅRapid improvement after re-TX

ÅPO30 ςsubcutaneous collection - surgical 

drainage

ÅPO44 ςDischarge

/ŀǎŜ {ǘǳŘȅΦ ¢ƘŜ [ƛǾŜǊ wŜŎƛǇƛŜƴǘΩǎ hǳǘŎƻƳŜ

Carbapenem resistance GNB in donors

1 ïKlebsiella pneumoniae

ANTIBIOGRAM 1

AMIKACIN 16 S

AMPICILILN >=32 R

CEFEPIME >=64 R

CEFOXITIN >=64 R

CEFTAZIDIME >=64 R

CEFTRIAXONE >=64 R

CEFUROXIME >=64 R

CIPROFLOXACIN >=4 R

COLISTIN >=16 R

ERTAPENEM >=8 R

ESBL Neg N

GENTAMICIN <=1 S

IMIPENEM >=16 R

MEROPENEM >=16 R

PIPERACILLIN/TAZOBACTAM >=128 R

TIGECYCLINE >=8 R

d
o
n
o
r

recipientrecipient

ÅOther recipient* - Kidney Tx:

ÅAmikacin for donor positive culture 
from D5 to D12

ÅNo transmission

*courtesy of DrLuis F. Aranha

PFGE confirmed that strains of donor and 
recipient strains were closely related



Colonized/infected donors by CR-GNB bacteria

ÅReports of CR-GNB bacterial transmission

ÅIn most cases, CR-GNB bacterial infection are not known at time of 

transplantation

Carbapenem resistance GNB in donors

Majority ςCR A. baumannii

Country Author Years N Material CR -GNB CRE

Italy Enrico G et al 2014-2015 588 Urine, blood, BAL 
and rectal swab

- 3.4%

Italy MuraloniA et al 2012-2013 219 Urine, blood, BAL 
(lungTx)

10.8% 2.8%

Brazil
(unpublished)

Duarte E et al 2013-2017 769 Urine, blood, BAL 
(lungTx)

2.3% 0.9%

Brazil Chen CK et al 2013-2017 355 Blood 2.3% 1.7%

Brazil
(unpublished)

BozolaFJD et al 2014 112 Blood 2.7% 2.7%

SifriCD, IsonMG. TransplInfect Dis, 2012
ErricoG et al. ClinMicrobiolInfect2018

MuraloniA et al. AmJ Transpl, 2015
Chen CK et al. 11º congressopaulistade infectologia.2018,  São Paulo



Cases reportsof CR-GNB transmission in the literature

Year Author Country
Microorganism/

resistance Donor culture Organ
2006 CeruttiE et al Italy CR P. aeruginosa blood liver, heart, kidney

2009 Orlando G et al Italy CR P. aeruginosa tracheal aspirate kidney

2011 Goldberg E et al Israel CR K. pneumoniae BAL lung, kidney, liver

2011
SimkinsJ etal 
/Watkinset al USA CR P. aeruginosa urine, BAL, peritoneal liquid liver, kidney, heart

2011 OguidoAPMT et al Brazil CR P. aeruginosa corneoscleralrim tissues cornea

2012 Ariza-HerediaEJ et al USA CR K. pneumoniae CSF kidney, liver, vein graft, heart

2012 Martins  N et al Brazil CR A. baumannii BAL lung

2014 GianiT et al Italy CR K. pneumoniae Not identified liver, kidney

2015 MularoniA et al Italy CR K. pneumoniae urine liver, kidney

2015
MularoniA et al

Italy CR K. pneumoniae BAL liver

2015
MularoniA et al

Italy CR K. pneumoniae blood, urine, BAL liver, kidney

2015 MularoniA et al Italy CR K. pneumoniae blood liver, lung, pancreas islets

2016 Varotti G et al Italy CR K. pneumoniae BAL, tracheal aspirate kidney-pancreas

2016 Mills JP et al USA CR K. pneumoniae tracheal aspirate liver

2018 GalvãoLM et al Brazil CR K. pneumoniae blood Heart, kidney

2018 ErricoG et al Italy CR K. pneumoniae Tracheal aspirate lung

2018 ErricoG et al Italy CR E.aerogenes Tracheal aspirate lung

Carbapenem resistance GNB in donors



ÅTotalof exposedrecipients: 60

ÅRateof transmissionς45%

ÅMedian time from TX to first positive

recipientculture: 7 (2 to 26) days

ÅAmong recipients who developed

infection

Å43%died

ÅAmong9 kidney transplant recipientswho

survivedςgraft failure in 5 (55%) recipients

Organ Exposed Transmission Rate

Cornea 2 2 100%

Lung 7 5 71%

Pancreas 2 1 50%

Heart 7 3 43%

Kidney 22 9 41%

Liver 21 8 38%

CR-GNB Exposed TransmissionRate

CR P. aeruginosa 12 12 100%

CR K. pneumoniae 28 13 46%

CR A. baumannii 23 1 4%

Carbapenem resistance in donors

CeruttiE et al. Liver Transpl, 2006
Ariza-HerediaEJ. TransplInfectDis, 2012

MularoniA et al. AmJ Transpl, 2015
Varotti G et al. Case Rep Transplant, 2016

Escolà-Vergé L et al. TransplInfect Dis, 2017
Mills JP et al.TransplInfectDis, 2016 

Cases reportsof CR-GNB transmission in the literature



Recipient infection 
by carbapenem 
resistant-Gram 

negative bacteria 
after SOT



Infection by CR-GNB in SOT recipients

ÅThe incidence, site of infection and length of time after SOT vary according to 

type of organ

ÅKidney TX: UTI and SSI, functional and anatomical anomalies, polycystic kidney disease, 

device-related infection

ÅLiver TX: >50% intra-abdominal(infected bilomasand hematoma, abscess and biliary 

tract) 

ÅIntestinal/multivisceralTX: intra-abdominal, abscess

ÅLung TX: pneumonia, infection at bronchial anastomosis 

ÅHeart TX: pneumonia and UTI, mediastinitis(2-3%)

Aguado JM et al. TransplRev(Orlando) 2017
Bartoletti M et al. InfectDisClinN Am. 2018

Carbapenem resistance GNB infection in recipients



Epidemiology of MDR bacterial infection after SOT

ÅTrends: 

ÅDecline the incidence of MRSA 

infection

ÅIncrease the incidence of VRE and CR-

GNB

ÅSpanish cohort - 1829 SOT ς475 ICS

ÅMDR-GNB ς5%            39% in 10 years

ÅRate of MDR P. aeruginosa remained 
unchanged

*Oriol I et al. TransplInt 2017
Aguado JM et al. TransplantVer (Orlando) 2017

Carbapenem resistance GNB infection in recipients

*



Carbapenem-resistantP. aeruginosa

ÅIncidence : 3 to 10% (10% of bacteremiaafter SOT)

ÅMost common MDR after Lung Tx ςincidence 14 to 19%

ÅPatients with cystic fibrosis - 50% colonized before TX and 75% colonized after TX     

ÅIn other SOT the most common site of infection CR-PA  - Lung 

ÅKidney txςrecurrent UTI

ÅRisk factors:

ÅBiliary leakage

ÅAntimicrobial use

ÅRe-TX

ÅICU stay

ÅHealthcare-associated infection

BodroM et al. Transplantation2015
ZhongL et al.  J infect2012

ShiSH et al. TransplInfectDis2009
Aguado JM et al. TransplantRev(Orlando) 2017

SuH et al. Ann Transpl2016

Carbapenem resistance in recipients



Carbapenem-resistantP. aeruginosa

ÅColonization before Tx:

ÅLiver Tx ςControversial risk for infection after LT

ÅLung Tx  - chronic infection (up to 45% of patients)

ÅIncreased risk of bronchiolitis obliterans

ÅIncreases chronic rejection

ÅNo difference in survival rate

ÅProportion of colonized recipients that developed infection  ς13 and 42%

ÅHigh mortality rate ς27 to 38%

Inhaled
Colistin
after TX

BothaP et al. Transplantation2008
Hashimoto M et al. TransplInfectDis2009

Pena C et al.ClinInfectDis2013
Freire MP et al. AmJ InfectControl2017

Aguado JM et al. Transplant Rev (Orlando) 2017

Carbapenem resistance GNB infection in recipients



ÅIncidence - 8 to 50%

ÅMore frequent in liver and lung tx

ÅRisk factor for carbapenemresistant A. baumannii
ÅAcute liver failure

ÅCentral venous catheter

ÅPostTxICU stay

ÅHemodialysis

ÅAntimicrobial use (carbapenemand pip/tazobactam)

ÅRe-tx

ÅProlonged cold ischemic time

ÅColonization before TX

Carbapenem-resistantA. baumannii

GouveaEF et al. BMC Infect Dis 2012
MrzljakA LiverTranspl2010

ShiSH TransplInfectDis2009
Shields RK et al. DiagMicrobiolInfect Dis. 2011

BidermanP et al. ClinTranspl2015
Kim YJ et al. TransplProc2018

Freire MP et al. LiverTranspl2016 

Carbapenem resistance GNB infection in recipients



ÅMost common sites of infection: intra-abdominal and respiratory tract

ÅEarly infection: 20 to 27d after TX

ÅProportion of colonized patients who developed infection: 39%

ÅHigh mortality rate ςup to 80%

ÅCombination of intravenous and inhaled ATM ςincrease rate of pathogen 

eradication and clinical cure rate in the majority of the studies

Shields RK et al. PlosOne2012
Liu D et al.  Int J AntimicrobAgents2015

SuH et al. Ann Transpl2016
Freire MP et al. AmJ Infect Control2017 

Aguado JM et al. Transplant Rev (Orlando) 2017

Carbapenem resistance GNB infection in recipients

Carbapenem-resistantA. baumannii



ÅTotalof 14casesof infectionreported(outbreaks)

ÅAlmostall caseshad:

ÅPolymyxin-sensitiveA. baumanniipreviouslyisolated

ÅPreviouscolistinuse

Å36% developed polymyxin resistance during the

treatment (ASandIV)

ÅIn all pneumonia cases- previous use of inhaled

colistin

Å30-daymortality rateς36%

Shields RK et al. PlosOne2012
QureshiZA et al ClinInfectDis2015

Freire MP et al. TransplInfectDis 2014

CarbapenemandPolymyxin-resistantA. baumannii

Carbapenem resistance GNB infection in recipients

38%

46%

8%
8%

Type of SOT

Liver

Lung

Kidney

Lung/heart

N=14

14%

72%

7%
7%

Site of Infection

Bloodstream

Respiratory Tract

Intraabdominal

Mediastinitis

N=14



Carbapenem-resistantEnterobacteriales

ÅPrevalence of CRE among SOT:

ÅLiver - 5 to 19%

ÅKidney - 2 to 26%

ÅLung - 0.4 to 20%

ÅHeart - 5 to 17%

ÅSite of infection - graft

ÅMean time from TX to CRE infection: 12 to 24 days
ÅKT 26 to 185 days

ÅMost common resistance mechanism associated  to CR           KPC-production

Carbapenem resistance GNB infection in recipients

Freire MP et al. Infection2015
GianellaM et al. AmJ Transpl2015

Rodrigues dos Santos BG et al. TransplProc 2016
Freire MP et al. Transplantation2017

PouchSM et al. Virulence2017
RavivY et. ClinTranspl2012

BartolettiM et al. InfectDisClinN Am. 2018
MacesicN et al. ClinInfectDis2018



Carbapenem-resistantEnterobacteriales

Carbapenem resistance GNB infection in recipients

ÅHigh proportion of infections with bacteremiain liver txς50%-

90%

ÅHigh rate of recurrent infection ςin kidney TX ς16 to 50% (UTI)

ÅHigh rate of clinical and microbiological failure

ÅHigh mortality in all types of SOT ς25 to 78%

ÅLiver Tx 3 times higher when compared to Kidney Tx (P=0.003) 

(Huprikaret al)

ÅRisk of death  3 to 7 times higher when compared to CS- K. 

pneumoniae

HuprikarS et al. Am J Transpl. 2016
Pereira MR et al. LiverTranpl2015

BrizendineKD et al. AntimicrobAgentsChemother2015
GianellaM et al. AmJ Transpl2015

Freire MP et al. TransplInfectDis. 2018
SimkinsJ et al. TransplInfect Dis 2014

VarottiG et al. TransplInfectDis. 2017

KM cumulative survival curve of KT recipient 
adjusted by the propensity score among patients 
that developed UTI



Carbapenem-resistantEnterobacteriales

ÅRisk factors for CRE infection among SOT:
ÅDialysis
ÅMELD > 32
ÅCombined transplant
ÅUreteral stent (kidney TX)
ÅPrevious antimicrobial use
ÅRe-operation
ÅMechanical ventilation > 48hs
ÅRecurrence of HCV (liver Tx)
ÅHCC
ÅBile leakage
ÅColonization

Carbapenem resistance GNB infection in recipients

Freire MP et al. Infection2015
LubbertC et al. Infection2014

GianellaM et al. AmJ Transpl2015
SimkinsJ et al. TransplInfect Dis 2014
Freire MP et al. Transplantation2017

Pereira MR et al. LiverTranpl2015
Freire MP et al. J AntimicrobChemother. 2016

KalpoeJS et al. LiverTranspl2012



GiannellaM et al. Am J Transpl2015
Freire MP et al. Transplantation2017

Carbapenem resistance GNB infection in recipients

CRE colonizationςthe riskgroupfor CRE infection

üActive surveillance at LT and on weekly basis until hospital discharge

2010-2013 ςN= 237
CRE Infectionς8%

2010-2014 ςN= 401
CRE Infectionς16%



ÅPolymyxin resistance among CRE infections after SOT ςaccording country 

epidemiology

ÅLiver: 0 to 57%

ÅKidney: 0 to 58%

ÅSOT: 0 to 47%

ÅMedian time after TX ς95 days

ÅBacteremiaς44%

Å30-day mortality rate among KT ς35% vs 31% for BSI in general population 

Carbapenem resistance GNB infection in recipients

PolymyxinandCarbapenem-resistantEnterobacteriales

Freire MP et al. Eur J Clin Microbiol Infect Dis. 2019
Machuca I et al. AntimicrobAgentsChemother2017

ClancyCJ et al. Am J Transplant 2013
Mouloudi E et al. TransplProc2014 



INCREMENT-SOT Project
CarbapenemaseproducingEnterobacteriales

(CPE) study

ÅRetrospective (2004-2016) cohort study of SOT recipients with BSI 
due to CPE

Å40 hospitals (16 countries)ς216 BSI episodes

Å56% LTx, 35% KTx

Pérez-Nadales et al., submitted for publication

Carbapenem resistance GNB infection in recipients

INCREMENT-SOT

   
30-day all-cause mortality  

  

Group of risk Monotherapy 
Combined 

Therapy 
p value 

  
Global cohort 41/95 (43·1%) 11/70 (15·7%) <0·001 

INCREMENT-SOT-CPE  

score 

12-17 Very high-risk (n=44) 25/30 (83·3%) 6/14 (42·9%) 0·01a 

8-11 High-risk (n=47) 12/20 (60·0%) 2/27 (7·4%) <0·001 

0-7 Low-risk (n=74) 4/45 (8·9%) 3/29 (10·3%) 1·00a 

 



1. Recipient treatment due to infected/colonized donor

2. Strategies focus on recipient colonized by CR-GNB before Tx:

ÅAdjustment (tailored) in surgical prophylaxis

ÅPrevention of dysbiose/decolonization

ÅProbiotic

ÅSelective Digestive Decontamination

ÅFecaltransplantation

3. Bundles for HAI in SOT recipients

Strategies for controlling infections by CR-GNB after 
SOT

Prevention measures for CR-GNB infections after SOT



Carbapenem resistance in donors

Å170 donors                219 patients

ÅHigh risk: recipientswho received
organs from donors with BSI or
with an infection in the
transplantedorganςtransmission
ς29%

ÅLow risk: recipientswho received
an organ from donors with
infection/colonization of a non-
transplanted organ and without
bacteremiaςtransmission- Zero

1- Recipient treatment due to infected/colonized 
donor

Prevention measures for CR-GNB infections after SOT



Cases of recipients treatment due to CR-GNB infection in donor

Å The majority of cases of tailored prophylaxis  
following the recommendations (88%)

Å Combined therapy in only 2 recipients

Å The most commonly used drug: colistin (4)

Å Transmission rate by organ:

ïLung: 1/2

ïLiver: 7/8

ïKidney: 3/7

ïHeart: 1/2

CeruttiE et al. Liver Transpl, 2006
Ariza-HerediaEJ. TransplInfectDis, 2012

MularoniA et al. AmJ Transpl, 2015
Varotti G et al. Case Rep Transplant, 2016

Mills JP et al.TransplInfectDis, 2016 
Escolà-Vergé L et al. TransplInfect Dis, 2017

ÅTotal of recipients exposed to 

tailored prophylaxis: 17

ÅTransmission Rateς71%

Carbapenem resistance GNB in donorsPrevention measures for CR-GNB infections after SOT



Are there any differences in DDI between non-MDR and MDR-
bacteria?

ÅSimilar transmission rate when unrecognized infection in the donor 

and recipient was not treated

ÅSimilar mortality rate when donor-derived infection occurred

ÅDonor with infection by CR-GNB: 

ÅMore cases of failure in donor treatment 

ÅThe risk of transmission is higher even when a tailored prophylaxis scheme is 

adopted

Carbapenem resistance GNB in donorsPrevention measures for CR-GNB infections after SOT



Causes of failure in recipient-tailored prophylaxis

ÅUnderestimated risk

ÅPK/PD of drugs used
ÅPolymyxin

ÅTigecycline

ÅAmikacin

ÅLower reliability of in vitro sensitivity

ÅRisk of developing resistance during treatment

ÅCR-GNB as a marker of donors in worse conditions

VCareful clinical and microbiological investigation
VOptimizationof OPO andinter-institutionalcommunication

VOptimization of drug use  - dose and duration of infusion
VCombined drugs
VDonor refusal  if appropriate ATM prophylaxis option is not 

available

Carbapenem resistance GNB in donorsPrevention measures for CR-GNB infections after SOT

BisharaJ et al. ClinTranspl, 2012
Aguado JM et al. TransplRev(Orlando) 2017

VCareful evaluation of the graft conditions



Prevention measures for CR-GNB infections after SOT

CR-GNB post-operativeinfectionrate in recipientswithout
adjustmentprophylaxis

Hashimoto M et al. TransplInfectDis2009
GiannellaM et al. Am J Transpl2015
Freire MP et al. LiverTranspl. 2016

Freire MP et al. Transplantation2017
SimkinsJ et Al. TransplInt 2017

PounchSM et al. TransplInfect Dis 2015

CR-GNB Post-liver Txinfection rate in 
recipientscolonizedpre-TX

Post-liver Txinfection rate in 
recipients Noncolonizedpre-TX

CRA. baumannii 20% 8%

CRP. aeruginosa 27% 0.7%

CR P. aeruginosa 13% 15%

CR Enterobacteriales 18% 8%

CR Enterobacteriales 37% 9%

ÅKidney TX ςcolonization at KT with CRE ςincrease the risk of bacteriuria
after KT

ÅIntestinal TX ς67% of colonized recipients by CR-GNB evolved with infection 

2ςStrategiesfor recipientcolonization by CR-GNB 
before SOT 



ÅLogistics difficulty in identifying the colonized recipients before TX:
ÅIdeal time of colonization diagnosis

ÅSensitivity of the surveillance culture

ÅMolecular tests  - detection of resistance mechanism rather than the sensitivity 
profile

ÅCost

Pre-transplantCR-GNB colonization

Prevention measures for CR-GNB infections after SOT

Shields RK et al. PlosOne2012
SuH et al. Ann Transpl2016

Freire et al. AmJ Infect Control2017 
Aguado JM et al. Transplant Rev (Orlando) 2017



ÅInstituto Dante Pazzanesede Cardiologia - CRE 
outbreak - N=45: Cefuroxime vs cefuroxime + gentamicin

ÅSSI ς17 % vs 10%

ÅUTI - 33% to 5%

Å3 CRE infection vs zero CRE infections

ÅHospital das ClinicasςFMUSP - Cefazolin vs Amikacin ς
N=819: 

ÅSSI -15% vs 7%. 

ÅDI rate of SSI by MDR: 1.07 vs 0,52 por 1000 patient-day. 

ÅProphylaxis with amikacin was the only protective factor 
for SSI

ÅDGF: 29% vs 37%

ÅGraft loss- 11 vs8%

Prevention measures for CR-GNB infections after SOT

Tailored prophylaxis ςaminoglycosides in Kidney
Transplantation

AbboudCS et al.Braz J InfectDis. 2013
Freire MP et al. Transplantation. 2015

14%

0%

18%

9%

14%

9%

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

Cefazolin Amikacin

Vancomycin
-resistant
enterococci
P=0.03

ESBL-
producing
Enterobacte
riaceae
P= 0.03

Carbapene
m-resistant
GNB      P=
0.08



Microbiomain SolidOrganTransplantRecipients

Factorsassociatedto
dysbiose:

ÅDosingof
immunossupression
drugs
ÅAcutecellularrejection
ÅDM after LT
ÅBacterialinfection

Factorsthat alters
Microbioma

ÅSurgery
ÅMalnutrition
ÅIschemia-reperfussion

injury
ÅImmunossupression

therapy
ÅAntibiotic therapy

Prevention measures for CR-GNB infections after SOT

Graftandpatient survival
ArladanM et al. Biomed Pharmacother2017

AlverdyJC et al. BrJ Surg. 2017
Xiao J et al. Am J Transl Res 2018

Lu H et al. MicrobEcol2013
Lee JR et al. Transplantation2014
FrickeWF et al. AmJ Transpl2014

Kato K et al. TransplDirect2017

4 studies:
Å50 ςLTxrecipients
Å66 ςKTxrecipients

Decreasein diversityat transplantation
Infectionwasconnectedto:
ÅFirmicutesproportional decrease
ÅIncrease in Enterococcus species



ÅLiver transplantation: 
ÅRandomized placebo-controlledstudy

ÅN=55

ÅProbiotic (B. bifidum, L. casei, L. lactis, L. 
acidophilus) once a day until LT 

ÅOverall infection rate 35% vs 5%

ÅNone SSI in probiotic group vs5 in control 
group

ÅNo difference in mortality

SawasT et al. ClinGastroenterolHepatol2015
GratM et al. ClinNutr 2017 

VanichananJ et al. Infection2016
LuongML et al. TransplInfectDis 2010

Probiotic use in solid organ transplant recipients

Prevention measures for CR-GNB infections after SOT

ÅLiver transplantation: 
ÅMeta-analysis

Å246 patients

ÅProbiotic started at LT and continued for 7-
14 days after LT

ÅOverall infection rate - 35% vs 7%

ÅIntra-abdominal infection rate ς11% vs 2%

ÅNo difference in wound infections rate and 
mortality

There is a risk associated with probiotic in SOT recipients:

Kidney TX:
Probiotic use for 6 m
Liver and kidney abscess due to  Lactobacillus casei

Lung TX:
Probiotic for 4 weeks  after TX     
Empiema due to LactobacillusrhamnosusGG



Decolonizationof MDR GNB in SOT recipients
ÅSDD ςno impact in overall infection rate (no study target for MDR-GNB)

ÅDecolonization after SOT - few case reports, only for ESBL producing

ÅConcerns:

ÅResistance - Use drugs that will be need for treatment 

ÅRisk of translocation ςpost-tx period with high incidence of CR-GNB is also the period of  higher risk  of  translocation

ÅMain decolonization strategy - Fecaltransplantation through nasoduodenal vial (after Tx)

Prevention measures for CR-GNB infections after SOT

Agent Typeof TX ATM concomitantuse Decolonization Durationof follow up

E. coli ESBL+ Kidney No Yes 6m

E. coli ESBL+ Kidney No Yes 4-8w

E. coliESBL+ Kidney No No 4-8w

E. coli ESBL+ Kidney No No 4-8w

K. pneumoniaeESBL+ Kidney No No 4-8w

E. coli/K. pneumoniaeESBL+ Kidney No No 4-8w

E. coli ESBL+ Kidney No Yes NI

Resino E et al. World J Gastroenterol, 2016
BilinskJ et al. ClinInfectDis2017

Singh R et al. BMC Res Notes 2018
MangesAR et al. InfectDis2016

Paterson DL et al. ClinInfectDis2001

Fecal txς43%
vs

Norfloxacin - 55%



Å2014 to 2016 ς128 patients

ÅRectal swab or fecalsample ςweekly during hospitalization and on month 2, 4, 6, 9 and 12

Å20% colonized by CRE

Å2% of patients with CRE infection (all colonized)

ÅPatients with CRE-blakpc+ : 9         3 (33%) developed infection (same ST)

ÅMedian time for colonization clearance ς25 days

Carbapenem resistance GNB infection in recipients

MacesicN et al. ClinInfectDis2018



Å CR P. aeruginosa 

Å Intervention:

Å Added a requirement for LT ςwalk alone

Å HH training and direct audits

Å Protocol for use and disinfection of US

Å Improve in contact precautions compliance

Å Systematic measurement of procalcitonin

Å Results:

Å Mean duration of ATM treatment: 42 vs 25 days

Å Bacteremiarate: 44% vs 25%

Å Death related mortality: 12% vs 2%
Sato A et al. LiverTranspl2016

Interventionto reduceCR GNB infectionafter LT

Prevention measures for CR-GNB infections after SOT

Å CR K. pneumoniae

Å Intervention: 

Å Active surveillance for CR GNB(K. pneumoniae, P. aeruginosaand A. baumannii) + 

Å HH training and direct audits

Å Improve contact precautions compliance

Å ATM stewardship

Å Results:

Å Decrease prevalence and incidence of CR-GNB

Å Increase incidence of CR-GNB Infection: 1.9        3.9/1000 patients-day

GeladariA et al . TransplInfectDis2017



3 - Bundle for prevention HAI after SOT

High incidence of CR-GNB related to HAI
+

Most common site of infection ςgraft (SSI)

Strategies for prevention SSI ςCR-GNB infection

ÅRates of surgicalsite infection
ÅKidneyς3 to 11%

ÅLiverς10 to 37%

ÅPancreas(+ orςkidney) ς9 to 45%

ÅMultivisceral/Intestinal- 14 to 53%

ÅHeart ς4 to 19%

ÅLungς5 to 19%

Prevention measures for CR-GNB infections after SOT

AnesiJA et al. Transplantation. 2018



Bundlefor preventSSI post-SOT

ÅAntibioticProphylaxis:
ÅLiver: ceftriaxone+ ampicilin

ceftriaxone+ vancomycin

ÅKidney: ceftazidime+ vancomycin
ceftriaxone+ vancomycin

ÅPancreas: Ertapenem
imipenem+ fluconazolProphylaxis 

Stewardship 

Anual 
report of 
SSI rates

Change from 4% 
sponges to 2% 
chlorhexidine-
impregnated wipes 
for pre-operative 
shower

Preservation fluid cultures

FrenetteC et al. InfectControlHospEpidemiol2016

Prevention measures for CR-GNB infections after SOT

Measure of compliance with infection control 
measures 

Surgicalsite infectionrates:
ÅLiver: 26%       11%
ÅKidney: 5%       5%
ÅPancreas: 25%        29%

Changein 
prophylaxis




