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Infections after HSCT 

ÅInfectious complications ðUniversal problem 

ÅHematological malignancies - Impaired immune system

ÅHSCT - Immune - directed treatment 

ÅCommon patho - mechanism of selected infections and 
hematological malignancies 

ÅCharacteristics
- Opportunistic infections
- Atypical symptoms and rapid dissemination of infection 

- Delayed diagnosis ðincreased mortality 



Post HSCT Infections



Mortality after HSCT 

ÅEarly mortality from infections 

ÅAuto HSCT            - 7% 

ÅAllo HSCT Sibling - 20% 

ÅAllo HSCT UD       - 20% 



Incidence of infections 

Allo HSCT 

Styczynski et al. CMI 2016 

Auto HSCT 



Bacterial infections 

Mortality associated with bloodstream infection after HSCT 

Poutusiaka et al. BMT 2007 



Infections Post HSCT



Phases of Opportunistic  infections among Allo - HSCT



HSCT ð Timeline of infections 



Phases of Predictable Immune Suppression and 
Associated Opportunistic Infections



Immune reconstitution after HSCT 

ÅStatus of hematological  disease at HSCT 

ÅCo- morbidities

ÅNeutropenia ð degree and lenght  

ÅDisruption of anatomical barriers 

ÅDepressed T and B cell function 

Risk factors 

- Type of transplantation 

Å Auto vs Allo  

- Source of stem cells 

Å PB vs BM vs CB 

- Conditioning regimen 

Å RIC vs MAC 

- Degree of histocompatibility 

- GVHD prophylaxis 

- GVHD occurrence and grade 



Neutropenia: pre - engraftment phase 

Risk factors for infections 

ÅNeutropenia length >7 days

ÅSevere neutropenia < 0.5 G/L 

ÅMucositis

ÅCentral venous catheters

ÅImmunologic impairment 

Infections during neutropenia 

ÅFebrile of unknown origin (FUO)

ÅClinically documented infections

ÅMicrobiologically documented 

infections 



Neutropenic fever 

ÅInfections during neutropenia: 35 - 89% 

üBloodstream infections: 20 - 60% 

üGram positive bacteria >50% 

 ð Staphylococcus sp., Enterococcus sp., Streptococcus viridans  

          ð VRE, MRSA, MRSE

ü Gram negative bacteria 

 ð Increased rate 

 ð Mortality: 24 - 50% 

 ð P. aeruginosa, E. coli, Klebsiella pneumoniae, Acinetobacter baumani ,   

Enterobacter cloacae, Stenotrophomonas maltofilia  



Neutropenic fever ð Treatment strategy 

ÅProphylaxis 

ÅEmpirical antibiotic therapy 

ÅTargeted therapy 

Environmental 

Pharmacologic al 

De- escalation 

Escalation 

Antibiotic choice 

Treatment duration 

Antibiotic dose 



Pre- engraftment phase 

Important data 

ÅNeutropenia at time of infection 

Onset

üLengh  of neutropenia 

üSeverity of neutropenia 

ÅEtiology  of bacterial infection 

üGram positive bacteria 

üGram negative bacteria 

ÅSite of infection 

üBloodstream infection

üPneumonia

üCentral nervous infection

üAbdominal infection 

üUrinary tract infection 

üSkin infection  

ÅProphylaxis 

ÅTreatment 

VEmpirical 

VTargeted 

ÅOutcome 



Bacterial Infection Syndromes 

ÅCentral Line - Associated BSI (CLABSI) 

ÅPneumonia 

ÅDiarrhea  

ÅCNS Infections 



GPC infections in HSCT

ÅMost frequent -  Coagulase - negative Staphylococcus > 50% MRSA  
-  usually CVC related

ÅStreptococcus viridans  (5ð13%) ð Early (median 4 days); ARDS and 
septic shock -  7ð39%, Mucositis,, Prior fluoroquinolone or 
ceftazidime, antiacids, MAC, and haploidentical HSCT ð Vancomycin 

ÅEnterococci ( 5ð8% ) -  Near the time of neutrophil recovery  ð 
increasing VRE ð High mortality

ÅInvasive pneumococcal disease (IPD) -  Late (median 17 months -  4 
months to 10 years) -  Mortality rate of 13 ð20% ; Predisposing 
factors -  hypogammaglobulinemia, IgG2 deficiency; memory cell 
defects as in cGVHD 



Distribution of gram - negative pathogens 

Averbuch et al, Clinical Infectious Diseases;  Dec 2017;65(11):1819ï28 

Resistant GNR

ÅNon Carbapenem 
resistant ð 50%

ÅCarbapenem resistant 
ð 18.5%

ÅMDR ð 35.2%

ÅXDR ð CRAB ð 28.6% 



ECIL- 4: Recommendations for empirical antibiotic 
therapy: Escalation and de - escalation approach



Revision of recommendations for empirical antibiotic therapy: 
de- escalation approach (in red changes vs ECIL4)



Situations for which novel anti - Gram- negative 
beta - lactams are indicated as the empirical regimen

ÅKPC- producers  -   ceftazidime - avibactam (AIIu), meropenem - vaborbactam  (BIItu),

   imipenem - cilastatin - relebactam  (CIIt), cefiderocol  (CIII)

ÅOXA- 48 producers  -   ceftazidime avibactam (AIItu ), cefiderocol  (CIII)

ÅMBL producers -  ceftazidime - avibactam plus aztreonam AIItu  , cefiderocol  (CIII);

In patients colonized or previously infected with carbapenem -
resistant Gram - negative bacteria :

High dose ceftolozane  tazobactam ( AIItu ), ceftazidime - avibactam (AIItu ),

imipenem/ cilastatin / relebactam  (BIIt), cefiderocol  (CIII);

In patients colonized or previously infected with with DTR 
Pseudomonas aeruginosa :



Å9/F, Class 4 student

ÅSymptomatic transfusion dependent pancytopenia

ÅFever - on & off with recurrent cough/cold

ÅBlood ς C/S ς MDR E. Coli

How to treat 
this case?

Bone Marrow Biopsy

Diagnosis :  Very Severe 
Aplastic Anemia (VSAA)

Case Capsuleé 

Blood Culture sensitivity ð MDR E. Coli 

sensitive only to Colistin



Dec 2016

24

Hb 6

ANC 80

Plt 10,000

Initiate therapy: Gx 
Transfusions, 

Colistin+ Phospho

Patient

Girl, aged 9 years

Diagnosis

VSAA with MDR E.Coli 
sepsis

Treatment

Symptomatic

Case Capsuleé 

Antibiotic Adjuvants & 
Antibiotic Combinations 



Latest Recommendations for CRE

*Ceftazidime-avibactam + aztreonam: Perform a synergy test and demonstrate zone of inhibition

ICMR: Management of CRO 2021



Avibactam has broad spectrum of activity



Empirical/Pre - emptive Cef- Avi  + Aztreonam

Cons

ÅNon - fermenters  
ÅPseudomonas - complex and 

multiple mechanisms of 
resistance

ÅAcinetobacter: no coverage

ÅSynergy test: requires time 
and microbiological 
expertise -  not all labs do 
this test

ÅE. coli: mutation in PBP can 
lead to cef- avi resistance1

Pros

ÅProven to be superior to 
Polymyxins based 
combination

1. Hariharan P, High prevalence ofEscherichia coliclinical isolates in India harbouring four amino acid inserts in PBP3 adversely impacting activity of 
aztreonam/avibactam,Journal of Antimicrobial Chemotherapy, Volume 75, Issue 6, June 2020, Pages 1650ς1651



30 - day clinical 
success rates 1

In multivariate analysis, patients treated by ceftazidime ðavibactam had 8.64 times (95%CI 1.61 ð46.39) chance of success than the  other patients 1

Ceftazidime ðavibactam compared to other treatment regimens 
against carbapenem - resistant Klebsiella pneumoniae bacteraemia 1

AG, aminoglycosides; C-A, ceftazidime-avibactam; CB, carbapenem; CI, confidence interval; COL, colistin.
1. Shields RK et al. Antimicrob Agents Chemother 2017;61:e00883-17.



Ceftazidime ðavibactam compared to Colistin

CAZςAVI, ceftazidimeςavibactam; CI, confidence interval; IPTW, inverse probability of treatment weighting.
1. van Duin D, et al. Clin Infect Dis 2018;66:163ς71.

Ceftazidime
ðavibactam Colistin

Death rate evaluated at Day 30 after therapy 1

3/38 (8%) in CAZ ðAVI patients  versus 33/99 (33%) in colistin group 
difference 23%, P=0.001

At Day 30 1

+ 64% adjusted probability of a better prognosis with CAZ ðAVI than 
colistin (CI 95% 57 ð71%)

Clinical  outcomes  were  better  in  the  patients  who  were  treated  first  
with  ceftazidime - avibactam  rather  than  colistin

The use of  ceftazidime - avibactam  was associated  with  improved  
clinical  outcomes,  especially  decreased  all - cause hospital  mortality  
rate  and  improved  benefit - risk  outcomes .



In-vitro susceptibility was demonstrated prior to usage of Cef-avi PLUS aztreonam



New algorithm use newer BLBLI ( Cef- avi)
Blood culture/culture from any 
sterile site positive for gram-

negative bacteria

Carbapenem Sensitive Carbapenem Resistant

CAZ-AVI-
Suseptibility

CAZ-AVI+AZT-S 
CAZ-AVI+Aztreonam

CAZ-AVI-R
Polymixin+/-
TIGE/Mino/Fosfo/
Carbapenem

             CAZ-AVI

Treat as per 
susceptibility 
result

sensitivity
resistant



New BL-  BLI Combinations 



Newer Drugs



Dec 2016

34

Hb 6

ANC 80

Plt 10,000

Initiate therapy: 
Transfusions   HLA 

typing

Patient

Girl, aged 9 years

Diagnosis

VSAA with MDR E.Coli 
sepsis

Treatment

Haplo - BMT

Feels better

Hb 9.2  Plt- 
30,000

Flu+Cy+rATG+TBI 
conditioned Haplo-
BMT with father as 

donor

Jan 2017

Case Capsuleé 

ÅContinued Pre - emptive 
Granulocyte Transfusions



MDR related 
mortality

O.S.
NRM



Dec 2016

36

Hb 6

ANC 80

Plt 10,000

Initiate therapy: 
Transfusions   HLA 

typing

Patient

Girl, aged 9 years

Diagnosis

VSAA with primary graft 
failure

Treatment

Second Haplo - BMT

Feels better

Hb 9.2       Plt- 
30,000

Flu+Cy+rATG+TBI 
conditioned Haplo-BMT 

with father as donor

Jan 2017 Feb 2017

Hb 7,  TLC-50      

 Plt-10,000

Flu+rATG+TBI 
conditioned second 

Haplo-BMT with mother 
as donor

Case Capsuleé 

ÅAntibiotics de - escalated after 2 
weeks and after resolution of 
FN with negative markers 



Dec 2016

37

Hb 6

ANC 80

Plt 10,000

Initiate therapy: 
Transfusions   HLA 

typing

Patient

Girl, aged 9 years

Diagnosis

VSAA with CHR with CMVR         
& Gr II Skin+Gut  aGVHD

Treatment

Ganciclovir + IVIg

Steroids + CSA + MMF + Ruxo

Feels better

Hb 9.2       Plt- 
30,000

Flu+Cy+rATG+TBI 
conditioned Haplo-BMT 

with father as donor

Jan 2017 Feb 2017

Hb 7                        TLC-50      

 Plt-10,000

Flu+rATG+TBI 
conditioned second 

Haplo-BMT with mother 
as donor

Jun 2017

Hb 13.6           
TLC 5360    PLT 

2.20

CMV reactivation
Grade II Skin& Gut 

aGVHD

Case Capsuleé 

ÅPolymyxin, Tigecycline, 
Amikacin sequentially 
during FN of second 

Haplo - HSCT



Dec 2016

38

Hb 6

ANC 80

Plt 10,000

Initiate therapy: 
Transfusions   HLA 

typing

Patient

Girl, aged 9 years

Diagnosis

VSAA with CHR with Gr I 
Skin+Moutht  cGVHD

Treatment

MMF + Ruxo

Feels better

Hb 9.2       Plt- 
30,000

Flu+Cy+rATG+TBI 
conditioned Haplo-BMT 

with father as donor

Jan 2017 Feb 2017

Hb 7                        TLC-50      

 Plt-10,000

Flu+rATG+TBI 
conditioned second 

Haplo-BMT with mother 
as donor

Jun 2017

Hb 13.6           
TLC 5360    PLT 

2.20

CMV reactivation
Grade II Skin& Gut 

aGVHD

Jan 2018

Hb 14.2             
TLC-6000          PLT- 

2.44

Manageable 
cGVHD Skin + 

Mouth

Case Capsuleé 



Dec 2016

39

Hb 6

ANC 80

Plt 10,000

Initiate therapy: 
Transfusions   HLA 

typing

Patient

Girl, aged 9 years

Diagnosis

VSAA with CHR

Treatment

Vaccination

Feels better

Hb 9.2       Plt- 
30,000

Flu+Cy+rATG+TBI 
conditioned Haplo-BMT 

with father as donor

Jan 2017 Feb 2017

Hb 7                        TLC-50      

 Plt-10,000

Flu+rATG+TBI 
conditioned second 

Haplo-BMT with mother 
as donor

Jun 2017

Hb 13.6           
TLC 5360    PLT 

2.20

CMV reactivation
Grade II Skin& Gut 

aGVHD

Jan 2018

Hb 14.2             
TLC-6000          PLT- 

2.44

Manageable 
cGVHD Skin + 

Mouth

Jun 2018

Hb 14             TLC-
8000          PLT- 1.9

Normal

Case Capsuleé 



Dec 2016

40

Hb 6

ANC 80

Plt 10,000

Initiate therapy: 
Transfusions   HLA 

typing

Patient

Girl, aged 9 years

Diagnosis

VSAA with CHR

Treatment

Vaccination

/ŀǎŜ /ŀǇǎǳƭŜΧ 

Feels better

Hb 9.2       Plt- 
30,000

Flu+Cy+rATG+TBI 
conditioned Haplo-BMT 

with father as donor

Jan 2017 Feb 2018

Hb 7                        TLC-50      

 Plt-10,000

Flu+rATG+TBI 
conditioned second 

Haplo-BMT with mother 
as donor

Jun 2017

Hb 13.6           
TLC 5360    PLT 

2.20

CMV reactivation
Grade II Skin& Gut 

aGVHD

Jan 2018

Hb 14.2             
TLC-6000          PLT- 

2.44

Manageable 
cGVHD Skin + 

Mouth

Jun 2018

Hb 14             TLC-
8000          PLT- 1.9

Normal

Jun 2018

Hb 13.5             
TLC-5500          PLT- 

3.6

Normal



Indian Data 

ÅRetrospective Study : 2014-2021

Ån = 440

ÅCulture Positivity ς 22.7% ( GPC- 2%)

ÅMDR ς 60%

Blood 138 (2021) 4855ï4856 
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Combating Antibiotic Resistance

MDRO

Antibiotics 

Adjuvants

Fecal 

Microbiata  

Transplants

Pre- emptive/ 

Prophylactic 

Granulocyte 

Transfusions

Antibiotic 

Combinations

Bacteriophage 

therapy

Nanotechnology 

CRISPR- CAS

Current 
Practice

Future 
Innovations



MDR Infections 

Treatment 

Approach
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Clostridium Difficile Colitis 

Å12% -  15% of Allo - HSCT &  9%  Auto - SCT during the pre -  
engraftment period

ÅExtensive antibiotic exposures, mucositis, and multiple prior 
hospitalizations are all contributory

Å Hypervirulent strains, mostly in patients with prior 
Fluoroquinolone prophylaxis 

ÅCan be associated with subsequent GVHD 

ÅCl. Diff colitis may be severe, often relapses, and may also 
serve as a source for secondary bloodstream infections.



Improving Management of Bacterial Infections 

ÅEmpir ical therapy -  individualized using escalation/de - escalation 
approach based on local antibiogram

ÅMonitoring local C/S/R patterns

ÅNovel laboratory techniques ( e.g MALDI- TOF) that reduce the time for 
pathogen identification and antibiotic susceptibility testing

ÅOptimized antibiotics with pharmacokinetic/pharmacodynamic 
principles: 

  1. A loading dose, followed by prolonged or continuous infusion of 
time - dependent antibiotics, such as -̘ lactams

  2. Once - daily infusion for concentration -  dependent drugs, such as 
aminoglycosides or daptomycin

  3. A loading dose, when appropriate (tigecycline and colistin). 



4
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Core Elements of Antibiotic Stewardship. Centers for Disease Control and Prevention. https://www.cdc.gov/antibiotic-use/core-elements/index.html. Published April 7, 
2021. Accessed September 19, 2022. 

Responsibilities of Antimicrobial Stewardship

Å Promote appropriate and optimal use of antimicrobials 

Å Minimize adverse events and emergence of resistance

Å Improve patient outcomes 

Å Decrease spread of multi - drug resistant infections

Å Establish policies for antimicrobial usage 



CDCõs 2019 Antimicrobial Resistance Threats Report





Prevention of Bacterial Infections 

ÅGeneral measures 

ÅAntimicrobial stewardship 

ÅCLABSI prevention 

ÅFluoroquinolone prophylaxis 

ÅLate infection prevention (>100 days post -  HCT), targeting mainly 
encapsulated bacteria, includes: 

   1. Oral prophylaxis with penicillin 

   2. IVIg in patients with severe hypogammaglobulinemia ( IgG <400 mg/dL) 

  3. Vaccinations



Successful Infection Prevention Strategies



Post- engraftment and late infections 

ÅLate infections > 6 months after HSCT

 ð 6.4% deaths 

 ð 66% infection ð about 18 month 

ÅCharacteristic 

 ð Pneumonia 

 ð Septic shock 

 ð Neuroinfection  

ÅRisk factors for mortality 

 ð GVHD 

 ð MUD, MMUD 

 ð CMV
 ð TBI 

Ljungman et al. BMT 2007 



Key Pointsé

ÅBacterial infections remain major causes of early as well as 
late Post transplant mortality

ÅGNB increasingly cause infections in HSCT patients; 
prognosis is frequently poor. 

ÅResistant bacteria, such as broad -  spectrum -̘ lactamase -
producing (mainly ESBL) Enterobacteriaceae , 
carbapenemase - producing Enterobacteriaceae (CPE), MDR 
Pseudomonas aeruginosa , and VRE, are causing an 
increased number of infections, leading to delay in 
appropriate therapy and increased mortality. 



ÅAntimicrobial stewardship is aimed to individualize empirical 
approach (escalation vs. deescalation ) to patients with suspected 
infection, limit unnecessary antibiotic use, and optimize 
treatment based on pharmacokinetic/pharmacodynamic 
principles 

ÅInfection control is crucial to limit the spread of MDR pathogens. 

ÅFluoroquinolone prophylaxis is recommended for high - risk 
neutropenic patients; its efficacy, however, can be reduced 

ÅEncapsulated bacteria ( Streptococcus pneumoniae and 
Haemophilus influenzae ) cause infections during late post -  
engraftment period; preventive measures include oral 
prophylaxis, IVIg, and vaccinations. 

Key Pointsé
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Fungal Infections in Stem Cell Transplant
1st BMT Master class , 22nd December 2024,ACTREC
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