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Transplant PTS are at substantial risk 
for a variety of infections due to

Bacterial Infections carry higher risks of morbidity & 
mortality than in Immunocompetent individuals



THE RISK OF INFECTION RESULTS FROM 
THE INTERACTION OF AT LEAST 3 
FACTORS:
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Factors related to Transplant:

Immunosuppression:
• Prior Transplant, within a year
• Immunosuppressive Regimens: 

o ATG: Profound T-cell depletion
o MTX: Mucosal injury, prolonged 

neutropenia
o PTCY: More bacterial (& viral) 

infections,

• H/O documented infection within 
90 days

• Relapse Disease
• Neutropenic Phase
• CD4 cytopenia ( <200/cmm)
• Steroid Therapy: >1mg/Kg/D
• Immunosuppressive Viruses 

o CMV, HIV, HHV

• Age> 45 Vs < 19

Graft Characteristics:
• Graft Source:

o PBSC : Rapid Engraftment, but more 
cGVHD

o UCB: Slow Engraftment & less GVHD

• Type of Tx:
o MRD
o MUD
o Haplo

• T- Cell Depletion: 
• High risk for prolonged neutropenia 

& neutropenic infections, though,
• Low risk of GVHD & related 

infections.

• CD34 Cell Dose : 
o <2 Vs 
o > 2.5



Immuno-genetics factors…
The gene polymorphism in recipients or donors can 
increase the risk of infections in recipient

• Gene 
Polymorphisms in 
donors/ 
recipients

o TLR gene for Toll-
like receptor 4 



Toll-like Receptor 4(TLR-4) signaling pathway mutations

can increase susceptibility to infections 

Health Bacterial infections



TIMELINE OF BMT INFECTIONS

Bacterial infections are more common early during Post BMT period
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Epidemiology of BSIs has been changing over 
the years..

• Late 20th century: Gm+ve infections were common, 
due to

o Fluoroquinolone prophylaxis: Ciprofloxacin/ Levofloxacin

o Intravascular devices/Central Lines



Early 21st century: Gm –ve infections increased 
in prevalence and dominated  due to 

• Antibiotic  overuse
o Widespread use of antibiotics that were more effective against 

Gm+ve  bacteria, thus 
o Creating a selective pressure that favored the survival and 

proliferation of Gram-negative bacteria

• Intrinsic Resistance:
o Gm- ve  bacteria have a unique cell envelope with an outer 

membrane that acts as a formidable permeability barrier. 
o Presence of Efflux pumps that actively expel antibiotics, makes 

them intrinsically less susceptible to antibiotics.

• Acquisition of Resistance Genes:
o Gm-ve bacteria can easily transfer genetic material, including 

antibiotic resistance genes, between different species and 
genera via plasmids



More recently…

• Significant rise in bacterial blood-stream Infections

• Mortality ranges from 5% up to 60% in cases of MDR 
infections.

• Gradually resistant infections have been rising:
o MDR-GNB

o ESBL

• 3 newer MDROs have appeared more recently
o CR-E

o CR-PA

o CR-AB

• All these can increase the morbidity & mortality
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The CI rate of Bacterial Blood  Stream infections (BSIs) is 19.4%, 23.8% & 28.7% at 
1, 3 and, months after transplant for the whole cohort. 



OS was better in non-BSI situations

OS in BSI:
• BSI +ve Vs BSI –ve
• 56% vs 41%
• P : <0.001

No BSI

BSI present
P : <0.001
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Etiology of BSIs
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Etiology of BSI…
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MDR- PA

Susceptibility Patterns of GNB isolates

1. Decrease in ESBL infections, 2. Rise in MDR PA

ESBL

Non-MDR PA
MDR Spike
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MDR- PA

Susceptibility Patterns of GNB isolates

1. Decrease in ESBL infections, 2. Rise in MDR PA

ESBL

Non-MDR PA



3 FACTORS ARE SIGNIFICANTLY 
ASSOCIATED

Blood Stream Infections (BSIs)
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1. Graft Source: Type of Tx

Cummulative Incidence for BSI 

MRD

MUD

Haplo
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2. Premorbid conditions  (Risk Index DRI) 

Low DRI

High DRI
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3. Antibiotic  Prophylaxis
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Infection Rates are better in prophylaxis group



But, Bacterial Infections continue to occur at an 
highrate among Tx recipients.

• Leading to high morbidity & mortality

• C I  of 19% & 28% at Day-30 as well as  1 Yr post Tx. ( 
21%- 55%)

• There is progressive increase in GNB over GPB, with 
a preponderance of Enterobacteriacae & 

• This is when prophylaxis was being uniformly 
followed.



DOES IT REALLY HELP ? OR,
DOES IT HARM, ACTUALLY!

Antibiotic prophylaxis in Transplant
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Fluoroquinolone Prophylaxis

GNB incidence is less

No difference in Mortality 

Resistant  infections more  
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How does prophylaxis actually affect 
the outcome..!



The Antibiotic Paradox : 
(Explained by differential microbial targets)

• Early and prolonged antibiotic therapy :

o Affects luminal microbiota composition 
• Resulting in severe intestinal dysbiosis and 

• An increased risk for acute GI GvHD and 

• Infection associated mortality. 

• Antibiotics are not de-escalated mostly

    ( upt o 70%)
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Prophylactic antibiotics lead to Gut Dysbiosis



Copyrights apply



Copyrights apply

Indoles

Epithelial Damage InflammationTranslocation

Intestinal Dysbiosis





High vs Low Diversity of Bacteria

• The study profiled >8000 fecal samples from 1300 
patients & 

• Used ribosomal RNA sequencing to stratify patients 
into HD ( high-diversity) & LD ( low- diversity) 
groups. 

o HD group had low mortality as shown by the HR for death 
of 0.49(95% CI 0.27-0.92) as compared to 

o LD group with HR of 0.72( 95% CI 0.55-0.92) 

o HD group also had a low incidence of GVHD



Composition of GUT microbiota has an impact 
on  the health & immune response

• ‘Higher Diversity (HD)’ of intestinal bacteria is 
associated with lower mortality & lower rates of 
deaths attributable to GVHD

• Increase in potentially pathogenic bacteria & loss of 
diversity in bacterial taxa is associated with  higher 
incidence of GVHD



SFCA producing commensals



IS NOT THE BEST WAY TO CONTROL INFECTIONS 
DURING TRANSPLANT

Antibiotic Prophylaxis
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Empirical Therapy can be appropriate 
or inappropriate:
• IEAT: Inappropriate Empirical Antibiotic Therapy

• AEAT ( Appropriate Empirical Antibiotic Therapy):
o Empirical therapy with a regimen active against the identified 

pathogen based on susceptibility testing.

• AUEAT: 
o Appropriate but Unnecessarily broad-spectrum Empirical 

Antibiotic Therapy

• IEAT & AUEAT: Are harmful, as they would lead to:
o Increase in Antibiotic resistance

o Presence of C difficile infection

o Antibiotic related toxicities 

o High morbidity & mortality
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Many Risk Factors were identified  for MDRO:

• Age >65 yrs

• Co-morbidities

• Previous therapies

• Central lines

• H/O documented infections during previous chemo

• Prior MDRO colonization/ infection



CONTINUES TO BE CHALLENGE

Choosing Appropriate Empirical Therapy during transplant



Antimicrobial resistance : emerging 
problems

• Resistance to Imipenem has been found in:

o 28% of E Coli

o 55% of K pneumoniae

o 80% of Acenitobacter baumanni

ICMR AMR surveillance Network



Potential problems with 3rd  Gen 
Cephalosporins:

1. Sub-optimal activity against Gm POS organisms

2. Emergence of penicillin resistant viridans 
streptococci

3. Bush gp-1 Beta Lactamase producing 
Eneterobacteriacae

4. Bacteria producing ES Beat Lactamase

5. Resistance among nonfermenters 



A few terms

• Beta Lactamases:

o Enzymes produced by bacteria to result in resistance to 
Beta Lactam antibiotics

• ESBLs:

o B-Lactamases that hydrolyze the Extended spectrum 
cephalosporins like CFZ & Oxymino-monobactam 
Aztreonam

• Carbapenemases:

o Diverse group of Beta- Lactamses that are active not only 
against cephalosporins, but also against Carbapenems



Classification of Carbapenemases
 or β-lactamases 





MDR Gram negative organisms

• ESBL-E

• CRE (Carbapenem Resistant Enterobacteriaciae)

• DTR- Pseudomonas Aeruginosa

• CRAB – Carbapenem Resistant Acinetobacter 
Baumannii



ALGORITHMIC APPROACH

Initiating Appropriate Empirical Therapy



Strategies for EAT should consider:

• Site of Infection: BSI or Lung or Catheter

• Epidemiological data of center

• In vitro sensitivity data of center

• Pharmacokinetic properties of antibiotic



Antibiotics 
have variable bioavailability  in different organs

Penetration of antibiotics in Lungs

Fluoroquinolones ( High Intracellular Concentration) +++

Carbapenems +/++

Broad spectrum Cephalosporins +/++

Ureidopenicillins +/++

Aminoglycosides ( Inactivated by low pH of bronchial 
secretions)

--



Initial Empirical therapy: 

• Monotherapy with antipseudomonal beta-lactam 
agent: 
o Cefepime:  High mortality ?? Not really!!

o Meropenem

o Piperacillin- tazobactam

• Second agent : 
o Aminoglycoside : High risk of GNB, Hypotension, Focal infection

o Fluoroquinolone: Lung infection

o Teicoplanin: central line infection

• High Risk of resistance:
o Meropenem



Initial therapy….

• Addition of Gm POS Cover at outset:

o Line sepsis likely

o No definite evidence of benefit on routine use

• Monotherapy Vs Combination at initial therapy

• Cefepime Vs Piperacillin-tazobactam

• Piperacillin- tazobactam Q8H or Q6H

• Infusion time: 

o 3 hrly better than ½ hr

o Continuous infusion



Persistent Fever

• Median time to defervescence in HSCT:

o 5 days

• Need to look for appropriate therapy:

o Culture results

o Biofire/ PCR multiplex

o Review for the causes & foci of infection

o Addition of antifungals

• Upgrade the antibiotics according to resistance 
pattern in the center



Antibiotic Resistance:  
Increasing frequency of antibiotic resistant organisms

• Gram Positive Organisms:

o Coagulase negative Staph

o MRSA

o VRE

o Penicillin & Ceftriaxone resistant Strepto pneumoniae

o Intrinsic resistance to Vancomycin: Lactbacillus

• Gram Negative Organisms:

o GNB: Pseudomonas aeruginosa, E coli

o Acinetobactor



The treatment of infections caused by 
ESBL-E 

• Meropenem, imipenem-cilastatin, or ertapenem are 
preferred for the treatment of infections caused by 
ESBL-E.

•  For patients who are critically ill and/or experiencing 
hypoalbuminemia, Imipenem-cilastatin is the 
preferred carbapenems. 

                           IDSA 2024 Guidance on the Treatment of Antimicrobial Resistant Gram-Negative Infections



Treatment of infections CRE if KPC
( Klebseilla pneumoniae carbapenemases) 
production is present 

• Ceftazidime-avibactam

• Meropenem-vaborbactam, and imipenem-
cilastatin-relebactam are preferred treatment 
options for KPC-producing infections. 

• Cefiderocol is an alternative option. 

                     IDSA 2024 Guidance on the Treatment of Antimicrobial Resistant Gram-Negative Infections



The role of Tetracycline derivatives 
for the treatment of infections caused by CRE 

• Beta Lactams are commonly used.

• Tigecycline and Eravacycline are alternative options 
when β-lactam agents are either not active or unable 
to be tolerated.

                      IDSA 2024 Guidance on the Treatment of Antimicrobial Resistant Gram-Negative Infections





Treatment of infections caused by MDR P. 
aeruginosa

• For critically ill patients  ceftolozane-tazobactam, 

ceftazidime-avibactam, imipenem-cilastatin-
relebactam is  a reasonable treatment. 

                     IDSA 2024 Guidance on the Treatment of Antimicrobial Resistant Gram-Negative Infections



Treatment of infections by DTR-P. 
aeruginosa 

• Ceftolozane-tazobactam, ceftazidime-
avibactam, and imipenem-cilastatin-
relebactam are preferred options for the 
treatment of infections by DTR-P. aeruginosa. 

• Cefiderocol is an alternative treatment.



the general approach for the treatment of 
infections caused by CRAB 

• Sulbactam- Dulobactam

• In combination with imipenem or meropenem.

• The use of high-dose ampicillin-sulbactam (total 
daily dose of 6-9 grams of the sulbactam 
component) in combination with at least one other 
agent .

• Polymyxin B can be considered in combination with 
at least one other agent .

• High dose minocycline or high-dose tigecycline .

                                       IDSA 2024 Guidance on the Treatment of Antimicrobial Resistant Gram-Negative Infections



• Strepto MRD: Meropenem

• MRSA: 
o Vancomycin, Linezolid or Daptomycin ( Exc Lungs)

• VRE:
o Linezolid, Daptomycin

• ESBL-producing GNB:
o Meropenem, Imipenem

• CRE (Carbapenemase-producing Enterobacteriaciae)
o NDM: Polymyxins, Tigecycline, 

o Ceftazidime- avibactam + Aztreonam

o Non-NDM: CFZ-avibactam

• KPCs (K.pneumoniae carbapenemases): 
o Ceftazidime-avibactam



BEYOND 
ROUTINE BLOOD CULTURES

Bacterial Identification
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MALDI : Matrix Assisted Laser  Desorption - Time Of Flight MS
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Conclusions:

• There is no ideal antibiotic 

• Resistance is a big problem, we can’t escape

• Only judicious use of Empirical therpay is the 
solution

• Optimal use of lab is the key to succeful antibiotic 
therpay





• CFZ-avibactam

• Sulbactam- Durolobactam

• High dose Mino/ Tigecyclin –Sulbactam (6-9 Gm)

• Polymyxin + Mino/Tigecyclin



(E Coli)



Quiz Questions

1. High Diversity biota is associated with
 
A. High mortality 
B. 2. Low mortality



2. Bacterial infections are most common during
 
A. Pre engraftment period 
B. B.  Post engraftment period



3. MALDI-TOF , though very sensitive takes longer time to 
culture  the organism as compared to SOC cultures 

A. True
B. False



4. The new antibiotic from an already known antibiotic class 
that has  emerged fortreating CR-E, CR-PA or CR-AB infections.

A. CFZ -Avibactam 
B. Cefiderocol



NDTM E Coli

1. First line:

o Ceftazidime –avibactam + Aztreonam

o Cefiderocol

2. Second line:

o Colistin- Tigecycline
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